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 ABSTRACT 
 

 Background:  Dermatophytes are common causes of cutaneous infections in humans and animals, which mostly reproduce 
by an asexual process. Such types of reproduction in many filamentous fungi are usually regulated by brlA, abaA, and wetA 
genes. The presence of these genes in dermatophytes was investigated. 

 Materials & Methods:   Conidiation genes represented by brlA, abaA, and wetA were determined in seven strains of 
dermatophytes using a polymerase chain reaction (PCR) method. 

Results:   All strains of Microsporum  canis and one strain of Microsporum ferrugineum (MH383043) were shown to have all 
three specific conidiation genes, which were absent in other strains, except for Trichophyton interdigitale which had only the 
abaA gene. 

Conclusion:   Dermatophytes content of brlA, abaA, and wetA genes is variable and strain- dependent. The conidiation 
process in most dermatophytes is assumed to be under the control of other genes not included in this study. 
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Introduction
Dermatophytes are a specialized group of filamentous 

fungi living in an environment enriched with keratinized 
materials. They have an ability to invade the skin, hair, and 
nail causing cutaneous diseases in the human called 
dermatophytosis (1). Dermatophytes like other filamentous 
fungi can grow and increase their number by sexual and 
asexual reproduction (2). The asexual process is the main 
type of multiplication that is followed by almost all species 
of dermatophytes for reproduction, while few of them are 
known to have sexual stages (3). Production of conidia, 
which can mainly take microconidia and macroconidia 
forms as a final product, is an important asexual stage in 
dermatophytes (2).   

Development of asexual reproduction in some 
filamentous fungi has proved to be under the regulation of 

three genes called brlA, abaA, and wetA (4, 5). Inactivation 
of these genes causes major abnormalities in conidia 
production and conidiophore morphology without affecting 
vegetative growth (4, 5). For regulation of conidia 
production, these genes usually work in a cascade process 
starting with activation of brlA gene, which triggers the 
expression of the other two genes (4). Thus, any inactivation 
of brlA will significantly affect the conidiation roles of the 
abaA and wetA genes and any excessive expression of these 
genes will induce cessation of vegetative growth and cellular 
vacuolization from the beginning of conidiophores 
 vesicle formation (4, 5). However, the expression pattern 
of such genes is associated with the level of RNA 
accumulation through their activity on codons of 
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poly(A)+RNAs that begin to accumulate at different times 
during the conidiation process (4).   

Genomes of dermatophytes are recognized by highly 
collinear and similar in size, ranging from 22.5 Mb for 
Trichophyton rubrum to 24.1 Mb for T. equinum (6).  
Thus, the growth of a dermatophyte usually needs 
approximately 2044 differentially expressed genes (7). 
Among this huge number of genes, brlA, abaA, and 
wetA may have a role in the development of asexual 
conidia of dermatophyte. This may be cleared when the 
presence of these genes can firstly prove in 
dermatophytes, which is the main goal of this study. 

 

Materials and Methods 
Dermatophyte Isolates  

Three genera with seven strains of dermatophytes with 
an identification barcode No. in GenBank were obtained 
from the College of Medicine, University of Karbala. They 
comprised one strain of T. interdigitale (MH383047), one 
of Epidermophyton floccosum (MH383041), two strains of 
Microsporum ferrugineum (MH383042 and MH383043), 
and three strains of Microsporum canis (MH383044, 
MH383045, and MH383046). Fungi were activated by 

culturing on Sabouraudʼs Dextrose Agar [(SDA), HiMedia, 
India] for one week at 28-30°C.  

Molecular Diagnosis Method  

The DNA of dermatophytic strains was extracted by 
using FavorPrepTM Fungi/Yeast Genomic DNA 
Extraction Mini Kit (Favorgen Biotech Corp., Taiwan). 
Primers of brlA, abaA, and wetA genes were designed 
by Primer3 web designer (version 4.1.0) 
(http://primer3.ut.ee/) based on gene sequences of 
three fungi registered in GenBank (Table 1). Primer of 
brlA was designed based on gene sequences of 
Aspergillus nidulans under the code M20631.1. Primer 
of wetA was designed based on gene sequences of 
Arthroderma otae CBS 113480 with a barcode NCBI 
reference sequence: XM_002850912.1. Primer of abaA 
was designed based on gene sequences of Emericella 
nidulans with a barcode J04850.1. 

PCR mixture was set up in a total volume of 20 μl, 
including 5μl of PCR master mix of AccuPower® PCR 
Premix (Bioneer, South Korea), 1μl of each primer (10 
µM), 1μl of template DNA (100 ng) and sterile deionized 
distilled water. Negative control containing all material 
except template DNA was also used. 

 

Table 1. Primers of brlA, abaA, and wetA genes (20) 

Gene name Size (bp) Primer 

brlA 155 
F- tcatcaagcaggtgcagttc 

R- gtcactccgtgagaaggctc 

abaA 138 
F- agctatcttgcgcaccctaa 

R- acgaagaaaggcagacagga 

wetA 207 
F- cgaaatgctccaaaccaaat 

R- ttctcttgtcacgggcttct 

 

Results 
Three important regulatory genes of the conidiation 

process in filamentous fungi were investigated in 
dermatophytes. All of brlA, abaA, and wetA genes were 
found in three strains of M. canis and in one strain of M. 
ferrugineum (MH383043). Meanwhile, they were 

absent from two other strains of dermatophytes, 
including M. ferrugineum (MH383042) and E. 
floccosum. T. interdigitale had a single abaA gene 
(Figures 1, 2, 3 and Table 2).

 

Table 2. Conidiation genes in dermatophytes  

Dermatophyte name No. in genbank ablA gene abaA gene wetA  gene 

E. floccosum MH383041 - - - 

M. ferrugineum MH383042 - - - 

T. interdigitale MH383047 - + - 

M. ferrugineum MH383043 + + + 

M. canis MH383044 + + + 

M. canis MH383045 + + + 

M. canis MH383046 + + + 

+: positive; -: negative 
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                                                          Figure 3. wetA gene in dermatophytes 

1: E. floccosum, 2: M. ferrugineum MH383042, 3: T. interdigitale, 4: M. ferrugineum MH383043, 5: M. canis MH383044, 6: M. canis 
MH383045, 7: M. canis MH383046, 8: negative sample 

 
Discussion 

Production of conidia is an important process 
performed by fungi to ensure its continuous presence 
on the Earth. This type of multiplication process is 
usually regulated by the expression of several genes. 
Studies with Aspergillus nidulans revealed the 
presence of three genes, brlA, abaA, and wetA, which 
were considered later as a central regulatory pathway 
of conidia production and conidophore in filamentous 
fungi (4). Regulatory effects of such genes either on 
their own expression or on other sporulation-specific 
genes could be performed individually or together (5).  

From the results of the current study, the contents 
of regulatory genes involved in conidiation 
development were observed to show variation among 
different dermatophyte strains. All strains of M. canis, 
which is one of a zoophilic type of dermatophytes (2), 
were shown to have all of the investigated genes. 

Detection of such specific genes in dermatophytes is 
assumed to be not easy due to the genome content of 
gene families in this fungal group, which mostly 
differed from other human-associated fungi (6). 
Otherwise, thousands of genes, which are responsible 
for several growth processes were identified in 
dermatophyte as in T. rubrum and only 37 
homologous genes from this content are specifically 
involved in several signaling pathways or regulation 
modules (7). Conidiation genes in filamentous fungi 
usually work together in a activation cascade to 
regulate the sporulation process (5). brlA is an 
important gene for conidiation, which encodes a 432 
amino acid polypeptide containing two directly 
repeated motifs resembling the Zn (II) coordination 
sites (8). Activation of brlA, which leads to synthesis of 
BrlA polypeptide, is considered as the first essential 
step in the progression of the cascade genetic 

Figure 1. brlA gene in dermatophytes 

1: E. floccosum, 2: M. ferrugineum MH383042, 3: T. interdigitale, 
4: M. ferrugineum MH383043, 5: M. canis MH383044, 6: M. canis 
MH383045, 7: M. canis MH383046, 8: negative sample 

 

Figure 2. abaA gene in dermatophytes 

1: E. floccosum, 2: M. ferrugineum MH383042, 3: T. interdigitale, 4: M. ferrugineum 
MH383043, 5: M. canis MH383044, 6: M. canis MH383045, 7: M. canis MH383046, 
8: negative sample 
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regulatory pathway of conidiation (9). This activation 
not only affected asexual spore development, but also 
the sexual process (10). The brlA of A. nidulans is 
consist of two overlapping transcription units, alpha 
and beta, which are essential to form morphologically 
normal conidiophores (11). However, any 
overexpression of brlA gene in vegetative cells will 
lead to growth cessation, formation of viable conidia 
on the hyphal tips and direct production of phialides 
without needing to form vesicle and metula first (9).  

The second detected gene in dermatophytes is abaA 
gene, which is usually activated by the action of brlA, 
especially during the middle stage of the conidiation 
or condiophore development after differentiation of 
metulae as noted in A. fumigatus (9, 12). This gene is 
predicted to encode an ATTS/TEA DNA-binding 
domain protein and it could play as a feedback 
regulatory factor for conidiophore development 
through the action of multiple structural binding sites 
in its encoded protein AbaA (12). In Penicillium 
marneffei, abaA was found to regulate the events of the 
cell cycle and dimorphic transformation (13). However, 
analysis of RNA sequences showed that AbaA protein in 
Fusarium graminearum plays an important role in cell 
cycle pathways and other conidiation-related genes 
(14). Deletion of abaA gene results in production of 
aberrant conidiophores in the form of reiterated 
cylinder-like terminal cells lacking spores and causes 
delayed autolysis and cell death (12).  

The wetA gene is the third regulatory gene of the 
conidiation process investigated in the genomic 
content of dermatophytes in this study. The wetA 
gene activity is found to be affected by abaA only and 
not brlA (9). An activation of wetA usually leads to 
control of spore maturation at the late stage of 
conidiation process through directly or indirectly 
regulated expression of some spore-specific genes 
(12). It is specifically required for the synthesis of cell 
wall and its crucial form (12). wetA is found to encode 
a polypeptide enrichment with serine (14%), 
threonine (7%), and proline (10%) (5).  

T. interdigitale frequently causes different types of 
dermatophytosis on the human skin such as tinea 
pedis, tinea corporis and onychomycosis, which can 
produce a variable texture of colonies on culture 
media (15). The strain used in this study had abaA 
gene but no other two genes. Such type of 
dermatophyte, which is related to the T. 
mentagrophytes complex, conidia is most frequently 
absent, or it produces very few of them (16). In 
production state, macroconidia often take spherical or 
subspherical shapes, while macroconidia are rarely 
observed (15, 16). Absence of ablA and wetA genes 
could play a role in reduction of conidiation 
development in the currently used strain of T. 

interdigitale, but this is not the ultimate decision and 
needs more research to confirm.  

The presence of conidiation genes in M. 
ferrugineum strains showed variable results. Strain 
No. MH383043 revealed has all of these genes, while 
they absolutely absent in strain No. MH383042. This 
anthropophilic dermatophyte, which is usually caused 
tinea capitis in most cases of dermatophytosis, rarely 
formed conidia in normal conditions (17). Thus, 
diagnosis of such type of dermatophytes is preferred 
using PCR technique, which gives an excellent 
sensitivity (100%) (17). A few strains were found to 
have an ability to produce microconidia and/or 
macroconidia on Casero medium (18). Therefore, 
detection of conidiation genes in such type of 
dermatophytes could be observed to vary depending 
on strain type.   

As M. ferrugineum MH383042, E. floccosum showed 
no content of selective conidiation genes. Such 
species, which is frequently associated with other 
dermatophytes to cause tinea cruris and tinea pedis, 
normally produces abundant club-shaped, smooth-
walled, 2 to 4 celled macroconidia without 
microconidia (19). Thus, conidiation process in E. 
floccosum may be regulated by other genes not found 
in other types of the human pathogenic fungi (6). 

 

Conclusion 

brlA, abaA, and wetA genes in dermatophytes is 
variable and strain dependent. M. canis is the species 
with highest content of conidiation genes, while T. 
interdigitale and E. floccosum lacked such genes. The 
conidiation process in dermatophytes is assumed to 
be under the control of other genes not included in 
this study. More experiments are needed to explain 
the main role of brlA, abaA, and wetA genes in 
conidiation process of dermatophytes and this study 
could be the first step. 
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