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A B S T R A C T   

Aflatoxins are fungal metabolites that are present as contaminants in food globally. Most aflatoxigenic species 
belong to Aspergillus section Flavi, and the main ones are grouped in the A. flavus clade, where many cryptic 
species that are difficult to discriminate are found. In this study, we investigated inter- and intraspecific diversity 
of the A. flavus clade to develop low-cost, species-specific PCR assays for identifying aflatoxigenic species. A total 
of 269 sequences of the second largest subunit of RNA polymerase II (RPB2) locus were retrieved from GenBank, 
and primer pairs were designed using data mining to identify A. flavus, A. parasiticus, and A. novoparasiticus. 
Species-specific amplicons of approximately 620, 350, and 860 bp enabled identification of target species as 
A. flavus, A. parasiticus, and A. novoparasiticus, respectively.   

1. Introduction 

Aflatoxins (AFs) are leading natural food contaminants with several 
isoforms are known; however, the most frequently found and studied 
include B1 (AFB1), B2 (AFB2), G1 (AFG1), and G2 (AFG2) and bio-
transformed metabolites of AFB1 and AFB2, M1 (AFM1) and M2 
(AFM2), respectively. AFs have hepatotoxic, immunosuppressive, 
mutagenic, teratogenic, and carcinogenic activity (Kumar et al., 2017; 
Coppock et al., 2018). The International Agency for Research on Cancer 
(IARC) has classified isoforms B1, B2, G1, and G2 as carcinogenic to 
humans, in group 1 (IARC, 1993). 

AFs are present in many foods globally; however, they are of 
particular concern in developing countries, where production technol-
ogies are precarious and deficiencies exist in the surveillance of regu-
latory limits, associated with low government budgets (Wild, 2007; 
Elias, 2016; Jallow et al., 2021). Thus, one of the best alternatives to 
mitigate the problem of AF contaminations is to monitor potentially 
aflatoxigenic fungi, thereby treating the cause and not just the effect. 

A. section Flavi (subgenus Circumdati) comprises 36 species, of which 
approximately 55% are AF producers, which makes this fungal group 
the main one responsible for the contamination of this class of myco-
toxins in food. Among members of A. section Flavi, A. flavus and 
A. parasiticus are most frequently found in foods and are reported as the 

main producers of AFs (Caceres et al., 2020). 
A. oryzae and A. sojae are nontoxigenic, domesticated variants of 

A. flavus and A. parasiticus, respectively (Geiser et al., 1998; Machida 
et al., 2005; Gibbons et al., 2012; Rokas et al., 2007; Kim et al., 2017; 
Hua et al., 2018). A. oryzae and A. sojae are widely used in the food 
industry, such as in the production of fermented foods and alcoholic 
beverages (especially in Asian countries) and production of various 
enzymes; these procedures have been given a generally recognized as 
safe status by the FDA (Chang et al., 2014; Kim et al., 2017). 

The standard polyphasic taxonomy for the genus Aspergillus (Samson 
et al., 2014) does not allow for the discrimination of A. flavus/oryzae and 
A. parasiticus/sojae; however, A. flavus, A. oryzae, A. parasiticus, and 
A. sojae are still classified as separate taxa, only for economic and food 
safety, but not taxonomic, reasons. 

A. flavus and A. parasiticus are present in the soil and contaminate a 
wide variety of agricultural products, such as peanuts and nuts (Bayman 
et al., 2002; Baquião et al., 2012; Baquião et al., 2013; Guezlane-Tebibel 
et al., 2013; Mimoune et al., 2018); herbs/teas and coffee (Batista et al., 
2003; Tournas and Katsoudas, 2008; Dutta et al., 2008; Su et al., 2018; 
Silva et al., 2019a), grapes and derivatives (Freire et al., 2017; Ghuffar 
et al., 2020), milk and dairy products (Jodral et al., 1993; Ortiz-Martinez 
et al., 2017), cereals (Al-Wadai et al., 2013; Sebok et al., 2016; Mamo 
et al., 2018; Camiletti et al., 2018; Del Palacio and Pan, 2020), and fruits 
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(Hussein et al., 2020; Saif et al., 2021). Contamination can occur at any 
stage of the production chain, pre- and postharvest (Akhund et al., 2017; 
Norlia et al., 2019). 

In 2012, Gonçalves et al. (2012) described A. novoparasiticus, a 
species phylogenetically very close to A. parasiticus. Since then, this new 
species has been described in cassava, sugarcane, yerba-mate, maize, 
and rice (Adjovi et al., 2014; Viaro et al., 2017; Katsurayama et al., 
2018; Iamanaka et al., 2019; Silva et al., 2019a; Ono et al., 2021). 

Regarding the capacity to produce AFs, A. parasiticus and 
A. novoparasiticus can produce AFs of type B (B1 and B2) and G (G1 and 
G2). A. flavus is recognized as a type B AF-producing species (B1 and B2) 
(Varga et al., 2015), and until recently, one of the characteristic features 
of this species was the inability to produce type G AFs. However, 
recently, it has been recognized that some (rare) strains of A. flavus can 
produce G-type AFs (G1 and G2) (Frisvad et al., 2019), showing that 
knowledge about the toxigenic potential of A. section Flavi is constantly 
changing. 

Recently, the occurrence of A. section Flavi in sugarcane has been 
revised by some authors, considering its new taxonomic status (Silva 
et al., 2019b; Abdallah et al., 2020). A. parasiticus and A. flavus were for 
a long time considered the most frequent aflatoxigenic species in this 
substrate. However, as demonstrated by Silva et al. (2019b), the strains 
previously identified as A. parasiticus in sugarcane actually belonged to 
A. novoparasiticus. Similarly, Abdallah et al. (2020) revisited a strain of 
A. flavus isolated from a sugarcane field in Egypt, which was then 
identified as A. novoparasiticus by them. In light of these new facts, 
A. novoparasiticus appears to be a ubiquitous species in the sugarcane 
crop. These examples illustrate the need to create tools to discriminate 
these species. 

In this context, the importance of correct identification of A. flavus 
and A. parasiticus in food is evident, given their high frequency and 
aflatoxigenic and spoilage potential. This study aims to create fast and 
low-cost PCR assays that enable accurate identification of A. flavus and 
A. parasiticus, and unprecedentedly, a PCR assay for the identification 
and discrimination of A. novoparasiticus. 

2. Materials and methods 

2.1. Identification of reference strains for PCR assay validation 

A total of 24 strains belonging to Microbiology Laboratory Collection 
of Instituto de Tecnologia de Alimentos (ITAL), previously identified 
morphologically as A. section Flavi, isolated from corn, sugarcane, 
peanuts, and cassava samples, were submitted for meticulous phyloge-
netic analysis using multilocus sequencing (calmodulin [CaM], beta- 
tubulin [BenA], and RNA polymerase II second largest subunit [RPB2]). 

2.1.1. Genomic DNA extraction 
The strains were inoculated on Czapek yeast autolysate agar (CYA) 

(Pitt, 1979) to obtain monosporic colonies. The purified strains were 
grown in yeast extract sucrose (YES) (Frisvad, 1981) liquid medium at 
25 ◦C for 3 d until the formation of the mycelial skin, which was then 
manually macerated using liquid nitrogen. The macerated material was 
used to obtain genomic DNA through the gel DNA Purification kit 
(Mebep Bioscience, Nanshan District, Shenzhen, China) according to the 
protocol recommended by the manufacturer. 

DNA was initially quantified using a spectrophotometric method, 
using a NanoDrop® (Thermo Scientific, Waltham, MA, USA), and then 
0.8% agarose gel stained with ethidium bromide (0.5 μg/mL) was used 
to compare fluorescence intensities under UV light between the obtained 
DNA bands and a DNA sample of known concentration. After quantifi-
cation, the samples were stored at − 20 ◦C until use. 

2.1.2. Multilocus analysis of reference strains 
To identify the reference strains, amplification of BenA, CaM, and 

RPB2 loci was performed, using primer pairs described by Glass and 

Donaldson (1995), Hong et al. (2005), and Houbraken et al. (2012), 
respectively. Conditions for amplification and sequencing were as 
described by Silva et al. (2020). 

The sequences obtained were compared by local alignment using the 
BLAST tool (Altschul et al., 1990) against the NCBI (https://blast.ncbi.nl 
m.nih.gov/Blast.cgi) and MYCOBANK MLST databases (https://www. 
mycobank.org/page/Pairwise_alignment). Additionally, multiloci 
phylogenetic trees were inferred based on Maximum likelihood (ML) 
and Bayesian (BI) methods. The Kimura-2-parameter model (Kimura, 
1980) with discrete Gamma distribution and invariant sites (G + I) was 
selected for ML and BI analysis. The software packages MrBayes v. 3.2.6 
(Ronquist et al., 2012) and MEGA 7.0 (Kumar et al., 2016) were used to 
obtain phylogenetic inferences based on BI and ML analyses, 
respectively. 

To estimate the level of support for the ML tree, bootstrap analysis 
was performed on 1000 replicates. For BI analysis, the Markov chain 
Monte Carlo (MCMC) algorithm was run for 5,000,000 generations. 
Sample frequency was set to 100, with 25% of trees removed as burn-in. 
Convergence diagnostics were monitored based on an average standard 
deviation of split frequencies below 0.01, potential scale reduction 
factor (PSRF) values close to 1.0, and effective sample size (ESS) values 
above 200. The trees were visualized using FigTree version 1.4.2, 
developed by Andrew Rambaut (http://tree.bio.ed.ac.uk/software/figtr 
ee). 

2.2. Development of species-specific PCR assays 

2.2.1. Searching, screening, and curating RPB2 sequences in GenBank 
For designing species-specific primer pairs, a search for sequences of 

the RPB2 locus in GenBank for all 13 species belonging to the A. flavus 
clade was performed. A total of 317 sequences were retrieved from 
GenBank (Aug 11, 2021) based on the search for the following key-
words: A. arachidicola; A. parasiticus and synonyms (A. sojae, A. tox-
icarius, A. chungii, A. terrícola var. americanus); A. cerealis and synonym 
(A. korhogoensis); A. aflatoxiformans and synonym (A. parvisclerotigenus); 
A. flavus and synonyms (A. oryzae, A. fasciculatus, A. subolivaceus, A. 
thomii, A. kambarensis); A. novoparasiticus; A. transmontanensis; A. sergii; 
A. pipericola; A. minisclerotigenes; A. subflavus; and A. mottae, associated 
with “RPBII,” “RNA polymerase II,” or “RPB2.” 

An initial curation was performed based on multiple alignments 
using the ClustalW algorithm in BioEdit 7.2.5 (Hall, 1999), where very 
short sequences that prevented achieving higher quality alignment were 
removed. In the second phase of curation, a phylogenetic tree (ML) was 
constructed based on the alignment of RPB2 deposits retrieved from 
GenBank with the sequences of type strains of A. section Flavi. Based on 
the genealogy presented, it was possible to detect identification/deposit 
errors, that is, sequences deposited in GenBank with the description of a 
species belonging to the A. flavus clade but clearly belonging to other 
clades or even other sections. These sequences identified as not 
belonging to the A. flavus clade were then removed from the final 
dataset. 

The final dataset composed of 269 sequences was then submitted for 
haplotype analysis using DnaSP.v6 (Rozas et al., 2017). To elucidate the 
taxonomic position of the haplotypes, a representative of each haplotype 
was used in constructing the ML phylogenetic tree together with type 
strains of A. section Flavi. The ML tree was inferred based on the 
Tamura–Nei model (Tamura and Nei, 1993), and to determine the 
support for each clade, bootstrap analysis was performed with 1000 
replicates using MEGA 7.0 (Kumar et al., 2016). 

2.2.2. Design of species-specific primer pairs 
With the haplotypes identified at the species level, species-specific 

primers were designed, based on intra- and interspecific variability 
available in GenBank for the RPB2 locus of the A. flavus clade. The 
analysis involved sequence alignment, using ClustalW (Thompson et al., 
1994), and a visual search for regions of complete similarity to all target 
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species haplotypes: A. flavus, A. parasiticus, and A. novoparasiticus, but 
not with other species belonging to the A. flavus clade. The designed 
primers were verified for their specificity/uniqueness against the Gen-
Bank database using the BLASTn tool (https://blast.ncbi.nlm.nih.gov/ 
Blast.cgi). Melting temperature, formation of secondary structures, 
and other parameters were analyzed in silico using Oligoanalyzer 3.1 
(https://www.idtdna.com/calc/analyzer). Primer sequences are shown 
in Table 1. 

2.2.3. PCR assay validation and determination of specificity, sensitivity, 
and limit of detection 

PCR conditions of the designed primer pairs were optimized and 
method validation was performed by testing the DNA of reference 
strains identified by multilocus analysis as A. flavus, A. parasiticus, and 
A. novoparasiticus. As a negative control, strains identified as Aspergillus 
nomius, Aspergillus pseudonomius, Aspergillus tamarii, Aspergillus bertho-
lethius, Aspergillus caelatus, Aspergillus pseudocaelatus, and A. arachidicola 
were used. PCR amplification was performed according to the condi-
tions shown in Table 1. 

After assay validation, determination of detection limit and speci-
ficity and sensitivity values was performed. To investigate the detection 
limit of each set of primers, a serial dilution of the template DNA of the 
following reference strains was performed: ITAL 11a, ITAL 119a, and 
ITAL 240 (for rpbflav, rpbpar, and rpbnov PCR assays, respectively) at 
100, 50, 10, 5, 4, 3, 2, 1, 0.5, 0.2, and 0.1 ng. 

For determining specificity and sensitivity, 200 strains of A. section 
Flavi belonging to the Microbiology Laboratory Collection of ITAL, 
previously molecularly identified by our research group, were used. In 
this set of strains, the following species are included: A. flavus (n = 50 
strains), A. parasiticus (n = 50 strains), A. novoparasiticus (n = 47 strains), 
A. arachidicola (n = 15 strains), A. nomius (n = 5 strains), 
A. pseudonomius (n = 4 strains), A. pseudocaelatus (n = 7 strains), 
A. bertholletius (n = 5 strains), and A. tamarii (n = 17 strains). Specificity 
and sensitivity were calculated according to Altman and Bland (1994) 
and Greenhalgh (1997), where specificity is given by the number of true 
negatives (TN)/the sum of TN and false positives (FP); sensitivity is 
given by the number of true positives (TP)/the sum of TP and false 
negatives (FN). 

PCR reaction conditions for determining sensitivity, specificity, and 
limit of detection were similar to those used for validation (Table 1). 
Analyses of validation, detection limit and specificity/sensitivity, were 
conducted in triplicate. 

3. Results and discussion 

Based on the final dataset (269 RPB2 sequences), 21 haplotypes were 
found. The ML tree shown in Fig. 1 allowed for the taxonomic posi-
tioning of these haplotypes in relation to the taxonomic status of A. 
section Flavi. Most sequences (194/269) were deposited in GenBank as 
A. flavus; our results confirmed this identification (Fig. 1). Complete 
haplotype analysis is available in Supplementary Material 1. 

Based on the haplotypes, the design of species-specific primer pairs 
was performed for amplifying A. flavus (Fig. 2A), A. parasiticus (Fig. 2B), 
and A. novoparasiticus (Fig. 2C). 

The primer pair rpbflav-F/rpbflav-R (Table 1) was successful in 
amplifying all strains of A. flavus, previously selected and meticulously 
identified by multilocus phylogenetic analysis (Fig. 3). The amplicon 
generated was approximately 620 bp (Fig. 4A), which corroborates the 
expected theoretical fragment (Fig. 2A). In this validation assay, none of 
the negative controls for A. nomius (ITAL 1000), A. pseudonomius (ITAL 
638), A. tamarii (ITAL 117a), A. bertholletius (ITAL 270/06), A. caelatus 
(ITAL 8562), and A. arachidicola (ITAL 270v), A. parasiticus (ITAL 85v2), 
and A. novoparasiticus (ITAL 12y) were amplified, demonstrating that 
under these conditions primer pair rpbflav-F/rpbflav-R is suitable for the 
identification of A. flavus. 

The rpbflav PCR assay had 99.3% specificity (149 TN / 149 TN + 1 
FP) and 100% sensitivity (50 TP / 50 TP + 0 FN). The detection limit of 
this assay was 1 ng (Supplementary Fig. S1). 

The rpbpar-F/rpbpar-R primer pair was also effective in identifying 
all A. parasiticus strains verified (Fig. 3). The amplicon generated was 
approximately 350 bp (Fig. 4B), which corroborates with the expected 
theoretical fragment (Fig. 2B). In this validation assay, none of the 
negative controls for A. nomius (ITAL 1000), A. pseudonomius (ITAL 
638), A. tamarii (ITAL 117a), A. bertholletius (ITAL 270/06), A. caelatus 
(ITAL 8562), A. arachidicola (ITAL 270v), A. flavus (ITAL 191), and 
A. novoparasiticus (ITAL 12y) were amplified. Therefore, the PCR assay 
based on the rpbpar-F/rpbpar-R primer pair identified target species. 

The rpbpar PCR assay showed 100% specificity (150 TN / 150 TN +
0 FP) and 100% sensitivity (50 TP / 50 TP + 0 FN). The detection limit of 
this assay was 0.5 ng (Supplementary Fig. S1). 

The rpbnov-F/rpbnov-R primer pair was also effective in identifying 
all A. novoparasiticus strains verified (Fig. 3). The amplicon generated 
was approximately 860 bp (Fig. 4C), which corroborates with the ex-
pected theoretical fragment (Fig. 2C). In this validation assay, none of 
the negative controls for A. nomius (ITAL 1000), A. pseudonomius (ITAL 
638), A. tamarii (ITAL 117a), A. bertholletius (ITAL 270/06), A. caelatus 
(ITAL 8562), A. arachidicola (ITAL 270v), A. flavus (ITAL 191), and 
A. parasiticus (ITAL 85v2) were amplified. 

Table 1 
Primers and conditions of the PCR assays developed in this study.   

Primers Sequence (5′-3′)  

Primers (this study) 

rpbflav-F GCAAGTGCTAAGGCTGGC  
rpbflav-R CTCTACGATCCTCAGGG  
rpbpar-F ACAGAGAGATCTACCTCAAC  
rpbpar-R AATGATAGGTTCRCTGGGG  
rpbnov-F CTGACTGGTGGCTTGAAGTAT  
rpbnov-R TAGAGCGAACACGCTTGTTA     

35 Cycles   
PCR assay Initial denaturation Denaturation Annealing Extension Final extension 

Thermal program 
rpbflav 95 ◦C (3 min) 94 ◦C (45 s) 55 ◦C (45 s) 72 ◦C (1 min 20 s) 72 ◦C (5 min) 
rpbpar 95 ◦C (3 min) 94 ◦C (45 s) 60 ◦C (45 s) 72 ◦C (1 min) 72 ◦C (5 min) 
rpbnov 95 ◦C (3 min) 94 ◦C (45 s) 65 ◦C (45 s) 72 ◦C (1 min 20 s) 72 ◦C (5 min)        

PCR conditions -Final volume 25 μL 

Taq DNA polymerase* 1 U 
PCR buffer* 1×
Primer 0.4 μM -each primer 
dNTP 0.2 mM 
MgCl2 1.5 mM 
DNA template 10 ng  

* Thermo Fisher Scientific, USA. 
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The rpbnov PCR assay showed the lowest detection limit of 0.1 ng 
(Supplementary Fig. S1). The specificity determined was 98.7% (151 TN 
/ 151 TN+2 FP), whereas the sensitivity was 100% (47 TP / 47 TP +
0 FN). 

The detection limits of the PCR assays developed in this study ranged 
from 1 to 0.1 ng of template DNA, a similar result was found by others 
who developed detection and identification methods using conventional 
PCR or derived techniques (Zha et al., 2010; Filleron et al., 2014). The 

PCR assays developed here aim for direct identification of pure cultures, 
and in these cases, DNA concentrations greater than 1 ng are easily 
obtained. However, depending on the user’s needs, additional tech-
niques, such as nested-PCR, can be used to improve the detection limit, 
e.g., Grote et al. (2002) reported an increase of at least 1000× in the 
detection limit when using nested-PCR for detecting Phytophthora 
nicotianae. 

Recently, Ortega et al. (2020) developed primers for detecting 

Fig. 1. Maximum likelihood tree of Aspergillus section Flavi species and RPB2 haplotypes of Aspergillus flavus clade species retrieved from GenBank. Only bootstrap 
≥60% values are shown. Haplotypes are in bold. 

J.J. Silva et al.                                                                                                                                                                                                                                   



Journal of Microbiological Methods 196 (2022) 106470

5

aflatoxigenic strains of A. flavus and A. parasiticus found in hazelnuts and 
chestnuts. The authors targeted the aflT gene of the AF biosynthesis 
cluster for developing primers for the techniques of LAMP, PCR, and 
qPCR. The specificity and sensitivity of the PCR assay reported by the 
authors were 82% and 87.2%, respectively. In addition, there were also 
cases of amplification of species other than A. flavus and A. parasiticus, a 
fact that may be justifiable given the high similarity of the species in the 
A. flavus clade. 

Al-Shuhaib et al. (2018) evaluated several primers for detecting 
A. flavus and concluded that, among the primers investigated, the Fla 
primer pair, described by González-Salgado et al. (2008), is optimal for 
diagnosing this species, presenting 100% specificity and 97% efficiency. 
However, the validation of the reference strains by Al-Shuhaib et al. 
(2018) was performed based on the ITS locus and another eight loci 
(aflP, aflP-2, aflP-3, aflD, aflM, aflR, Gap, and PEP). The ITS locus (ITS1- 
5.8S-ITS2), is part of the ribosomal RNA gene cluster, it is well known 
that this locus does not have discriminatory power for many species of 
Aspergillus (Samson et al., 2014); several species of A. section Flavi have 
identical ITS sequences (see Supplementary Fig. S2). The other 
sequenced loci are not commonly used for Aspergillus phylogeny (see 
Samson et al., 2014; Visagie et al., 2014; Chen et al., 2017; Frisvad et al., 
2019), and the loci recommended by the International Commission of 
Penicillium and Aspergillus (ICPA) include CaM, BenA, and RPB2 (Samson 
et al., 2014). 

Furthermore, the aflP, aflP-2, aflP-3, aflD, aflM, aflR, Gap, and PEP 
loci do not allow comparison between species, because there are no 
sequence deposits in GenBank for many species of A. section Flavi, 
including species close to the authors’ target (A. flavus). Moreover, the 
Fla primer pair itself, based on the ITS region, has 100% identity with 
other species of A. section Flavi (see BLASTn https://blast.ncbi.nlm.nih. 
gov/Blast.cgi). 

A. flavus and A. parasiticus are included in the A. flavus clade, in 
addition to 11 other phylogenetically related species, including A. 
arachidicola, A. transmontanensis, A. novoparasiticus, A. sergii, A. cerealis, 
A. subflavus, A. pipericola, A. minisclerotigenes, A. mottae, A. austwickii, 
and A. aflatoxiformans (Frisvad et al., 2019). A. flavus and A. parasiticus 
are the most frequently found species of A. section Flavi isolated from 
food and the most toxigenically important (Caceres et al., 2020). The 
development of identification and detection methods for these species, 
isolated or in matrix, is a good alternative for controlling mycotoxin 
contamination. 

Studies have reported the development of PCR assays (and derived 
techniques) for the identification and/or detection of A. flavus and/or 
A. parasiticus (Chen et al., 2002; Sugita et al., 2004; González-Salgado 
et al., 2008; Sardiñas et al., 2010; Luo et al., 2012; Wang et al., 2012; 
Ahmad et al., 2014; Bansal et al., 2019). However, many studies have 
been based on a restricted number of sequences for primer design and/or 
a small number of strains for assay development. In some cases, there 
was a deficiency in the validation of the analyzed strains as reference, 
which may compromise the accuracy of the test. In addition, many 
studies have invested in methodologies such as real-time PCR/qPCR 
(Godet and Munaut, 2010; Sardiñas et al., 2011; Mahmoud, 2015; 
Ortega et al., 2020; Abd El-Aziz et al., 2021) which although advanta-
geous, are economically more burdensome than conventional PCR. This 
factor should be considered because the severest contamination by 
aflatoxigenic species occurs in developing countries. 

We performed data mining using the largest public bank of sequences 
(GenBank) associated with the curation of these sequences. Thus, the 
primers designed in this study contain intraspecific diversity of the 
A. flavus clade available on GenBank. In addition, the strains used in the 
assay were validated based on multilocus analyses. The assays were 
designed and performed as conventional PCR, with an average final cost 

Fig. 2. Annealing sites of the species-specific primer pairs in the 21 RPB2 haplotypes from Aspergillus flavus clade. Annealing of specific primers for A) A. flavus; B) 
A. parasiticus; and C) A. novoparasiticus. 

J.J. Silva et al.                                                                                                                                                                                                                                   

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi


Journal of Microbiological Methods 196 (2022) 106470

6

of approximately US$ 0.7/reaction. 
Other non-genotypic detection methods, such as the MALDI-TOF MS 

analysis, have been used for the identification and detection of Asper-
gillus species. Recently, Queró et al. (2020) used MALDI-TOF MS to 
identify isolates of A. section Flavi and Penicillium roqueforti and iden-
tified some species of A. section Flavi. However, the identification 

performance of A. novoparasiticus was 95%, as not all spectra obtained 
by the authors for this species were identified. In fact, the relationship 
between A. parasiticus group species is very close, and their separation 
either by phenotypic or genotypic methods is not easy. 

As reported by Frisvad et al. (2019), even the BenA locus, which is a 
secondary barcode for Aspergillus (Samson et al., 2014), does not allow 

Fig. 3. Maximum likelihood tree based on multilocus data (CaM + BenA + RPB2) showing phylogenetic relationships between Aspergillus section Flavi species and 
Brazilian strains isolated from foodstuff (in bold), which were used for validating species-specific PCR assays. Bootstrap values (BS) and/or posterior probabilities 
values (pp) higher than 60% and 0.70, respectively, are shown. 
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discriminating between A. parasiticus and A. novoparasiticus, and in these 
cases, the use of the CaM or RPB2 loci is recommended. The RPB2 locus 
is recommended for evaluating the phylogeny of many fungal groups 
(Vetrovsky et al., 2016) and has been used in the creation of species- 
specific primers in Fusarium (Hong et al., 2010; Kang et al., 2011) and 
recently in A. section Versicolores (Kubosaki et al., 2020); however, this 
study is the first to report its use in developing species-specific primers 
for A. section Flavi. 

In addition, many studies that have developed PCR assays for 
detecting and identifying A. parasiticus were performed before the 
description of A. novoparasiticus in 2012 (Shapira et al., 1996; Chen 
et al., 2002; Somashekar et al., 2004; Sardiñas et al., 2010; Khoury et al., 
2011; Sardiñas et al., 2011). In other cases, later studies did not include 
A. novoparasiticus in their in vitro analyses (Hue et al., 2013; Ahmad 
et al., 2014; Nguyen et al., 2015; Atoui and Khoury, 2016; Singh et al., 
2017; Ortega et al., 2020). Therefore, there is no way to be sure about 
the specificity of these PCR assays for these two species. To our 
knowledge, this is the first study to develop a species-specific PCR assay 

for identifying A. novoparasiticus. 
Supplementary data to this article can be found online at https://doi. 

org/10.1016/j.mimet.2022.106470. 
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