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PCR based methods are considered as the most accurate and reliable for early
diagnosis of food-borne fungal pathogens when compared to the phenotypic detection
methods. Aspergillus species included in section Nigri often infects food materials such
as grapes, onions cereals, coffee and their derivatives, principally in warm and humid
climatic conditions. Here, we propose, a rapid molecular method for detection and
discrimination of A. niger using Real-Time PCR SYBR green melt curve analysis. The
coding region of AAA ATPases gene fragment was amplified using specific primers and
the product was separated based on the melting temperature. The measured melting
temperature of A. niger isolates were in the range between 85.16 °C and 85.31°C.
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Food-borne illnesses are usual concern
in both developing and developed countries1.
Foodborne illnesses are caused by the
consumption of contaminated food materials
infected with microbes secreting toxins and other
secondary metabolites2. All black-spored
Aspergilli are grouped into Aspergillus species
Nigri. Black-spored Aspergilli are accounted to be
the third most frequently occurring Aspergillus
infection3. A. niger is a filamentous ascomycete
fungus which is generally present in the
environment and have been reported to cause
opportunistic infections in humans namely
aspergillosis [4]. Aspergillosis is an infectious, non-
contagious disease caused by in halation of spores
produced by A. niger5. Invasive aspergillosis

initiates in the paranasal sinus and accentuates in
the orbital base with bone destruction and vessel
infiltration6. Aspergillus sinusitis often occurs in
diabetic and immunocompromised patients7.

A.niger is frequently known to cause
black mould diseases in certain fruits and
vegetables8. It commonly infects onions, peanuts
and grapes, which are often mild infections but
can become systemic depending on certain
constructive conditions.  Ochratoxin A (OTA), a
secondary metabolite produced by A.niger are
frequently detected in contaminated grapes, dried
wine fruits, coffee and cocoa9, 10. This mycotoxin is
a powerful nephrotoxin with immune suppressive,
genotoxic and teratogenic functions towards
numerous species 11.

A. niger is often misjudged with
Stachybotrys chartarum and Stachybotrys
chlorohalonata species which are also regarded
as “toxic black molds” in US12, 13. Hence it requires
accurate diagnostic strategies to detect A. niger.
Rapid detection of the fungus provides ample time
to initiate antifungal therapy and tenable
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conception of contaminated food materials infected
with A. niger. Early detection also provides
sufficient time to encounter against ochratoxins
producing A.niger. Numerous phenotypic and
molecular detection of Aspergillus spp. methods
have been reported. Real time PCR is a standard
and exquisite molecular diagnostic tool for
amplifying gene fragments due to its high
sensitivity and accuracy in quantification with
ease14-20.  We have designed a species-specific
primer for rapid detection and discrimination of A.
niger based on non-specific fluorescent dye, Sybr
green using a coding region of AAA ATPase gene.

MATERIALS AND METHODS

Reference strains and isolates
Reference strain of A.niger (MTCC 10180,

4325) and A. flavus MTCC (9064, 1884) were
procured from the Microbial Type Culture
Collection (MTCC), Institute of Microbial
Technology, Chandigarh, India. 30 non-repetitive
A. niger were isolated from different contaminated
food materials including onions, pomegranate,
grapes and green chilly.
Primer design

The nucleotide sequences were retrieved
from NCBI GenBank: AJ812008.1.The primers were
designed using Primer 3 (v. 0.4.0) online software
and primer parameters were analyzed with
oligoanalyzer (v.1.0.3).
DNA isolation

The fungal cultures were grown on potato
dextrose broth (PDB). After 72 hours of incubation
at 25°C, the fungal material (100 mg) was

homogenized with mortar and pestle. HipurA TM

fungal DNA purification kit (Himedia) was used
for the isolation of the chromosomal DNA. The
extracted fungal DNA was dissolved in TE buffer
and the purity of the DNA was quantified by UV
Spectrophotometer (Model no: UV2310). The
samples were run on 1% agarose gel and confirmed
on UV transilluminator following ethidium bromide
staining. The genomic DNA was further used for
Real time PCR assays.
Real time PCR assay

The LightCycler real-time polymerase
chain reaction (Applied Biosystem’s Real-Time
PCR system StepOne® model no-271003195) was
used for detection and melt curve analysis. The
primers forward (5’-AAGATGAATACGATGAG-3’)
and reverse (5’- ATGTAGGAGATAGTGTTG-3’),
were used for PCR amplification of AAA ATPase
exon1 fragment. 20 µl reaction volume containing
10 µl of  2X Power SYBR® PCR master mix , 1 µl (10
pmoles) of each forward and reverse primers and 1
µl of the template DNA (30–60 ng) were used for
the PCR reaction. The cycling parameters for the
two-step PCR reaction were as follows:  Holding
stage of 10 mins at 95 °C (Initial denaturation), 45
cycles of 00.15 secs at 95 °C (denaturation), 1 min
at 60 °C (annealing and extension) followed by
melt curve analysis.

RESULTS AND DISCUSSION

Species-specific primers based on ITS
regions (internal transcribed spacers of rDNA) are
extensively reported [15]. We have designed primers
based on coding regions of AAA ATPases,

Table 1. Real time PCR ± assay for species-specific detection of A.niger

Strains/Isolates Food materials    Genus     Species AAA ATPase Melting
 exon 1 temperature (T

m
)

MTCC10180 Potato Aspergillus spp. A.niger  + 85.31°C
MTCC 4325 - Aspergillus spp. A.niger + 85.31°C
MTCC 9064 - Aspergillus spp. A.flavus - -
MTCC 1884 Vegetable waste Aspergillus spp. A.flavus - -
Isolate 1 Onion Aspergillus spp. A.niger + 85.16°C
Isolate 2 Onion Aspergillus spp. A.niger + 85.16°C
Isolate 3 Onion Aspergillus spp. A.niger + 85.31°C
Isolate 4 Pomegranate Aspergillus spp. A.niger + 85.30°C
Isolate 5 Grapes Aspergillus spp. A.niger + 85.31°C
Isolate 6 Green chilly Aspergillus spp. A.niger + 85.31°C
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Fig. 1. Amplification plot showing the species-specific
discrimination of A.niger and A.flavus based on RT-PCR  ± assay

associated with diverse cellular activities (AAA),
which are found in all organisms. Our primers are
designed with high specificity and complementarily
with A.niger genomic DNA. Insilico Analysis of
the primers and amplicon using nBLAST
(nucleotide Basic Local Alignment Search Tool)
showed high degree of similarity with A.niger
genomic contigs. The Amplification plot (“Rn vs
cycles) of the two different molds is dissipated in
Figure-1 showing the presence of the AAA
ATPase exon 1 sequence in A.niger and absence
of the sequence in A.flavus. The melt temperature
(T

m
) of the amplicon was calculated to be 82°C

using online MBCF oligo calculater (DANA-
FARBER Cancer institute). The measured melt
temperature of  AAA ATPase exon 1 sequence for
A.niger isolates between  85.16 and 85.31 °C (Table
1). Several molecular techniques are employed in
the detection of Aspergillus spp. The phenotypic
and molecular detection methods, previously
reported are based on RFLP (Restriction fragment
length polymorphism), SSCP (Single strand
conformational polymorphism) and qualitative
Polymerase chain reaction based on primers
amplifying ITS region [16-20]. In the present study,
we have devised a Real-Time PCR based molecular
detection system using SYBR green chemistry for

species-specific detection of A.niger. This
procedure offers a rapid, accurate and inexpensive
procedure for early detection the food-borne fungal
pathogens.
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