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Aflatoxins are polyketide secondary metabolites that are 
produced by certain fungal species in the Aspergillus section 
Flavi, particularly Aspergillus flavus and Aspergillus parasiticus 

which contaminate human food as well as animal feed. These are 
among the most carcinogenic substances known. Due to the toxic 
and carcinogenic properties of aflatoxins, there is a need to 
develop reliable methods to detect the presence of aflatoxigenic 
Aspergilli in contaminated food and feed. Not all Aspergillus 
strains are able to produce aflatoxins. It requires a detection 
methodology which can specifically distinguish between the 
aflatoxin producing and non-producing strains of Aspergillus. 
Present communication reports validation of a PCR based 

detection system based on three genes viz., nor-1, apa-2 and  
omt-1 involved in aflatoxin biosynthesis, that can specifically 
distinguish the two aflatoxin producing species viz. Aspergillus 

flavus and Aspergillus parasiticus from non-producers i.e.,  
A. niger, A. fumigates and A. oryzae. 

Keywords: Aspergillus flavus, Aspergillus parasiticus, 
Contamination, Food safety, Fungi, Mycotoxins 

Mycotoxins are low-molecular weight compounds 

produced by filamentous fungi toxic to animals and 

humans
1
 and are among the oldest environmental 

toxicants menacing human existence since ancient 

times
2
. In developed countries and in threshold 

countries the major concerns are chronic effects of 

ingesting small concentrations of mycotoxins over a 
long period of time

3
. Fungal genera Aspergillus, 

Penicillium, Fusarium and Alternaria which are the 

most abundant contaminants of food and feed contain 
majority of mycotoxin producing fungi. The most 

thoroughly studied of the mycotoxins are the 

polyketide secondary metabolites, aflatoxins. 
Aflatoxins were discovered about 40 years ago after 

the devastating loss of poultry in England caused by 

Turkey X disease
4
. Aflatoxins are the most toxic and 

carcinogenic compounds among the known 

mycotoxins, and therefore, have been extensively 
studied. These toxins are produced by a number  

of Aspergillus species
5
. However, in agricultural 

commodities, they are primarily produced by 
Aspergillus flavus and Aspergillus parasiticus. There 

are 4 major aflatoxins B1, B2, G1 and G2. Of these, 

aflatoxin B1 (AFB1) ranks as the most potent 

naturally occurring carcinogenic compound known
6
. 

Aflatoxin contamination of foods and feeds is a 

serious problem worldwide resulting either from 

improper storage of commodities or pre-harvest 
contamination during drought years

7
. The worldwide 

extent of contamination of commodities is not totally 

understood often because of lack of reporting
8
. 

Aflatoxin contamination in food as well as in feed 

has resulted in serious food safety and economic 

implications for the agriculture industry in different 
parts of the world. Because of the health concern,  

20 parts aflatoxin per billion parts of food or feed 

substrate (ppb) is the maximum allowable limit 
imposed by the US Food and Drug Administration for 

consumption and for interstate shipment of foods and 

feeds. In some European countries such as European 
Commission and Turkish government aflatoxin levels 

are regulated below 5 ppb
8
. In order to improve  

food safety and to protect consumers from harmful 

contaminants, presence of fungi with the potential to 
produce such compounds must be checked at critical 

control points during production of agricultural 

commodities as well as during the processing of food 
and feed preparation. In India, as revenue through the 

export of food related goods is considerably good, 

aflatoxin contamination in such produce will be an 
issue with serious repercussions for the exporting 

community and farmers. Therefore, development of 

methods for detecting the aflatoxin-synthesizing 

fungal genera and developing rapid tools for detection 
of potential aflatoxin producing fungi stay highly 

relevant. 

Conventional culture based techniques involving 

identification methods using morphological 

techniques
9
, could be used to quantify toxigenic molds, 

but are expensive and time consuming. In addition, 

these procedures require mycological knowledge to 

identify the fungi at the species level
10,11

. Hence, rapid 
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and simple methods are needed to detect and monitor 

the presence of toxigenic molds during food 

processing. The information obtained by applying these 
techniques for monitoring the entire food processing 

chain would allow application of rapid corrective 

measures in raw materials and pre-processed foods to 
avoid production of foods contaminated with 

mycotoxins. PCR-based methods to detect toxigenic 

molds have the potential to be used as rapid 
alternatives to conventional techniques. Here, we 

explored the possibility of developing a suitable PCR 

based methodology for detection of aflatoxin 
producing fungi. Micro and macromorphology of 

different fungal isolates were also studied as a 

prerequisite. 

 

Materials and Methods 
 

Collection of samples 
Different isolates of aflatoxin producing and non-

producing fungi were established in the Biotechnology 
and Biochemical Engineering Laboratory of Division 

of Food Grains and Oilseeds at ICAR-CIPHET-

Ludhina, India. Fungal isolates of Aspergillus oryzae 

(MTCC 3107), Aspergillus flavus (MTCC 2798 and 

MTCC 2799), Aspergillus parasiticus (MTCC 2796 

and MTCC 2797) were procured from Microbial type 

culture collection, IMTECH, Chandigarh-India. All the 
isolates of A. flavus and A. parasiticus procured from 

IMTECH, Chandigarh had aflatoxin production 

potential as their special feature (as per MTCC 
information). In addition, isolates of A. niger,  

A. fumigates, A. oryzae, A. parasiticus and A. flavus 

were also isolated and maintained in the lab (Table 1). 
 

Culture establishment and multiplication 

All the fungal isolates were maintained on Potato 

dextrose Agar medium containing 200 g potato starch, 

20 g dextrose and 15 g agar per litre of the medium. 

The pH of the medium was adjusted at 5.6+0.2. 

Molten media was poured in sterilized Petri plates and 

was allowed to solidify in the laminar air flow 
cabinet. Each strain was inoculated with a dense spore 

suspension onto different media in 9 cm plastic Petri 

dishes and kept at 25°C and were inspected daily for 

growth and sporulation. The isolates of Aspergillus 

were observed for diameter, elevation, margins, 

texture of the colony as well as colour of the colony 

from the top and reverse of the plate. 
 

Microscopic study 

Microscopic slides were made using scotch tape 

preparation method wherein the fungi adhering to 
cellotape flag were mounted in lactophenol cotton 

blue and examined using oil immersion with Redical 

microscope with up to 100X magnification. 
 

PCR based detection of aflatoxin producing fungi 
DNA extraction 

For DNA extraction from different mold strains, 

each one was inoculated on PDA and incubated for 

one week at 25°C. Mycelium of each strain was 
scraped off the agar and used for genomic DNA 

extraction using the method of Moller et al.
12

. For 

this, 50 mg of mycelium was digested with proteinase 
K, frozen in liquid nitrogen, and ground with mortar 

and pestle. Quantification of DNA was done with the 

help of a Nano photometer (NanoDrop 1000 
Spectrophotometer V3.7, Thermo Fisher Scientific, 

Wilmington, USA). In addition, DNA was also 

extracted from different Aspergillus stains cultured on 
potato dextrose broth, incubated under conditions of 

continuous shaking (150 rev/min) for 72 h in an 

incubator shaker (Bio-age, India) after which mycelia 
mat was harvested and used for DNA extraction  

using the same procedure. All chemicals for DNA 

extraction were used from Hi media laboratories 
(Mumbai, Maharashtra, India). 

Table 1—Detection of Aflatoxin producing fungi (Aspergillus spp.) using different genes involved in aflatoxin biosynthesis 

Fungal isolate Accession No. Source Amlicons detected using different genes 

   Omt-1 Apa-2 Nor-1 

A. parasiticus  (MTCC 2796) IMTECH, Chandigarh + + + 

A. parasiticus  (MTCC 2797) IMTECH, Chandigarh + + + 

A. oryzae  (MTCC 3107) IMTECH, Chandigarh - - - 

A. flavus (MTCC 2799 IMTECH, Chandigarh + + + 

A. flavus  (MTCC 2798) IMTECH, Chandigarh + + + 

A. niger  BBEF1 CIPHET, Ludhiana - - - 

A. fumigatus  BBEF2 CIPHET, Ludhiana - - - 

A. parasiticus  BBE4 CIPHET, Ludhiana + + + 

A. flavus  BBE5 CIPHET, Ludhiana + + + 

A. oryzae BBE6 CIPHET, Ludhiana - - - 
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PCR primers and amplification 

Primers nor-1FP (5'-ACCGCTACGCCGGCACTC 

TCGGCAC-3') and nor-1RP (5'-GTTGGCCGCCAG 

CTTCGACACTCCG-3') were used to amplify an 
amplicon of 400 bp of norsolorinic acid reductase; 

omt1FP (5'-GGCCCGGTTCCTTGGCTCCTAAGC-

3') and omt-1RP (5'- CGCCCCAGTGAGACCCTTCC 
TCG-3') to amplify a 1024 bp fragment of sterigmato-

cystin O-methyltransferase; and apa-2 FP (5'-TATCT 

CCCCCCGGGCATCTCCCGG-3') and apa-2 RP  
(5'-CCGTCAGACAGCCACTGGACACGG-3') to 

amplify a 1032 bp fragment of regulatory protein 

(apa-2), involved in aflatoxin biosynthesis
13,14

. The 
nucleotide sequence of all these genes from 

Aspergillus parasiticus are available at NCBI, 

GenBank at aceession numbers L27801 (nor-1), 
SRRC 2043 (apa-2) and SRRC 143 (omt-1). 

PCR was performed in 15 µL of reaction volume 

containing 1.5 µL of 10X PCR buffer with 17.5 mM 

MgCl2, 0.6 µL of 10 mM dNTPs, 1.5 µL of each 
primer with final concentration of 1 mM, 1U Taq 

DNA polymerase, 4 µL of extracted DNA as template 

(with a total concentration of 100 ng of genomic DNA 
per reaction). The reaction volume was made up to  

15 µL with sterile nuclease-free water. All reagents 

for PCR amplification were used from Hi media 
laboratories (Mumbai, Maharashtra, India). A total of 

35 cycles were started by heating at 94ºC for 10 min 

and continued by denaturation for 1 min at 94ºC, 
annealing 2 min at 55-65ºC (standardized for each 

primer), elongation 2 min at 72ºC and a final 

extension 5 min at 72ºC in a PCR thermo cycler  
(Q cycler II, Quantabiotech, UK). 

PCR products were separated by electrophoresis 

on a 1% agarose gel with 0.5% ethidium bromide  

in 1X TAE buffer and visualized under UV light  

in a gel documentation system (G: box, Syngene, 
India). 2-Log DNA Ladder of 0.1-10.0 kb  

(New England Biolabs Inc.) was used as molecular 

size marker for the analysis of agarose gel. 

Results and Discussion 
 

Macro and micro morphological identification 

Macroscopic appearance of all colonies was 

examined for characteristics such as diameter, 
elevation, margins, texture as well as colour of the 

colony from the top and reverse of the plate. The  

A. flavus and A. parasiticus strains were observed to 

have typical ringed colonies predominantly of green 
colour (initially white and turn green after 7-10 days) 

with outer white and yellow rings. When viewed 

under microscope, conidial heads were found to be 
uniseriate in A. Niger as well as A. fumigatus and 

biseriate in A. parasiticus. Whereas in A. oryzae and 

A. flavus, some conidial heads were observed to be 

uniseriate and some to be biseriate. For detailed micro 
and macro morphological features of different 

Aspergillus isolates the readers may refer our earlier 

communication
15

. 

 
PCR based detection of aflatoxin producing fungi 

The DNA was isolated from different molds and 

the purity and integrity of the isolated DNA was 

examined by agarose gel electrophoresis. A high-
molecular-mass band with minimum shearing was 

observed. Using specific primers, PCR was carried 

out on DNA isolated from different fungi. The 
conditions of the PCR were carefully standardized 

and all the parameters were established. 

PCR was used to amplify 3 target fragments on  
A. parasiticus genomic DNA. Amplification products, 

regardless of the primer set used, were obtained only 

from A. parasiticus DNA and A. flavus DNA when  
35 PCR cycles were applied (Figs. 1 a-c). Each primer 

pair yielded a single DNA fragment of the expected 

size: 400, 1032, and 1024 bp for nor-1, apa-2, and 
omt-1, respectively. Nonspecific products were never 

observed. 

Best amplification was observed at 62°C for 2 min 
in case of omt-1 gene with a single amplicon of  

1024 bp. Amplification products were obtained from  

 
 
Fig. 1—(a,b,c): Amplification of omt-1, nor-1 and apa-2 genes in various target samples. [L- 2-Log DNA ladder; P1, A. parasiticus 

(MTCC 2796); P2, A. parasiticus (MTCC 2797); P3, A. parasiticus (BBE4); F1, A. flavus (MTCC 2798); F2, A. flavus (MTCC 2799); 
F3, A. flavus (BBE5); FA, A. fumigatus (BBEF2); O1, A. oryzae (MTCC 3107); O2, A. oryzae (BBEF6); and N1, A. niger (BBEF1)] 



MANGAL et al.: PCR BASED DETECTION SYSTEM FOR AFLATOXIN PRODUCING MOLDS 

 
 

475 

A. parasiticus (MTCC 2796), A. flavus (MTCC 2798), 

A. flavus (MTCC 2799), A. flavus BBE5, A. parasiticus 

BBE-4 after 35 PCR cycles of annealing, elongation 
and denauration. (Fig. 1a). 

The annealing step was performed for 2 min at  

55-65°C to satndardize the best annealing temperature 
for each gene. Best amplification in case of nor-1 

gene was observed at 60°C. Amplification products 
were obtained from A. parasiticus (MTCC 2796),  

A.  parasiticus  (MTCC 2797),  A. parasiticus  (BBE-4),  
A. flavus (MTCC 2798), A. flavus (MTCC 2799),  

A. flavus BBE5 (Fig. 1b). The primer pair yielded a 

single DNA fragment of the expected size (400 bp) 
for nor-1 gene. 

An amplicon of 1032 bp was detected for apa-2 

(Fig. 1c) gene when the annealing temperature  

was kept at 57°C for 2 min in the PCR reaction. 

Amplification products, were obtained from  
A. parasiticus (MTCC 2796), A. parasiticus (MTCC 

2797), A. flavus (MTCC 2798) and A. flavus (MTCC 

2799). 

As is clear from table 1, all the target genes used 

were capable of distinguishing between aflatoxin 

producing and non producing fungi used in the study. 

The expected amplification products for the genes 
involved in aflatoxin biosynthesis were obtained only 

from different A. parasiticus and A. flavus strains 

used in the study, thus establishing that primers used 
were specific for detecting aflatoxin producing fungi 

and other species of Aspergillus did not gave PCR 

product. 

Food-borne pathogen identification is an important 
aspect of human health care. PCR based methods 

have been developed for the identification of different 

food borne pathogens
16,17

 as they offer effective, 
rapid, reliable and sensitive technique for the 

detection of different strains of microorganism 

belonging to various groups. Using PCR technology 

for detection and diagnosis of fungi is not 
uncommon

18
. 

Tang et al.
19

 were the first to describe a PCR-based 

detection system for a mycotoxin producing fungus 

and used nested PCR for detection of A. flavus. 
However, they treated A. flavus as a lung pathogen 

rather than a toxin producer. Their primers were based 

on the gene coding for alkaline protease. Earliest 
reports of PCR assays focused on evaluation of 

toxigenic properties of Aspergillus species from 

section Flavi were published by Geisen
20

 and a 

parallel publication by Shapira et al.
13

. Both these 

reports can be termed as the starting point for PCR-

based diagnosis of mycotoxigenic fungi. The assay 

published by Geisen
20

 made use of the 3 primer pairs 
for the genes coding for norsolorinic acid reductase 

(nor-1), versicolorin A dehydrogenase (ver-1) and 

sterigmatocystin O-methyltransferase (omt-A) in a 

multiplex PCR in which it was demonstrated that  
A. sojae and A. oryzae, both of which are essentially 

identical with A. flavus but typically do not produce 

aflatoxins, lack the nor-1 gene. Shapira et al.
13

 used  
3 genes viz. ver-1, omt-1, and apa-2 in their study. 

Feasibility of both co-published assays for detection 

of their target in contaminated corn
13

, cereals
21

 as well 
as figs

22
 was demonstrated in follow up studies. 

Mayer et al.
23

 used sequences of the nor-1 gene to set 

up primers and a probe for a TaqMan™real-time PCR 

assay with which A. flavus was quantified in 
contaminated food samples and in cereals. 

In the present study, we have utilized  nor-1, apa-2 

and omt-1 genes involved in aflatoxin biosynthetic 
pathway for specific detection of aflatoxigenic fungi 

and these genes concomitantly, represent a 

combination of genes utilized by earlier groups. 
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