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ABSTRACT 

Background: Aspergillus species are the dominant storage fungi of cereal grains and include 

aflatoxigenic and opportunistic human pathogens. Data on the genetic structure of grain-borne 

Aspergillus populations in Iraq remain limited. Objectives: To isolate and identify Aspergillus spp. 

from stored wheat, maize and rice in Iraq and to assess their intra- and interspecific genetic diversity 

using random amplified polymorphic DNA (RAPD)-PCR. Methods: Ninety stored grain samples (30 

each of wheat, maize and rice) were collected from warehouses and retail markets in Haditha, Hit, 

Ramadi and Rutba, Anbar Governorate, Iraq, between January and March 2026. Fungi were isolated 

by direct and dilution plating, identified morphologically and confirmed by ITS and calmodulin 

sequencing, and section Flavi isolates were screened culturally for aflatoxigenic potential. Genomic 

DNA of 36 isolates was amplified with five decamer RAPD primers. Bands were scored as binary 

data and analysed by polymorphism indices, polymorphic information content (PIC), Jaccard 

similarity, UPGMA clustering, principal coordinate analysis and analysis of molecular variance 

(AMOVA). Results: Aspergillus was recovered from 47 of 90 samples (52.2%). A. flavus was the 

dominant species (36.4% of 55 isolates), and 55.6% of section Flavi isolates were presumptively 

aflatoxigenic. The five primers generated 58 bands, of which 48 (82.8%) were polymorphic, with PIC 

values of 0.22–0.44. Jaccard similarity ranged from 0.31 to 0.91. UPGMA (cophenetic r = 0.89) 

resolved three clusters at 65% similarity that corresponded largely to species. AMOVA attributed 

82% of the variation to differences within grain sources and 18% to differences among them (ΦPT 

= 0.18; P = 0.018). Conclusion: Aspergillus populations in stored Iraqi cereals are genetically 

diverse and structured mainly by species rather than by grain source. RAPD-PCR is a rapid, low-

cost tool for baseline surveillance of storage Aspergillus and should be combined with aflatoxin-gene 

PCR for risk assessment. 
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INTRODUCTION 
      Cereal grains are the main dietary staple in 

Iraq, and their quality depends heavily on post-

harvest storage. Worldwide, a large share of 

food crops carries detectable mycotoxins, and 

levels above regulatory limits are frequent (1). 

Storage fungi, mainly Aspergillus and 

Penicillium, colonise grain when moisture and 

temperature are poorly controlled, causing loss 

of germination, discolouration, heating and 

toxin accumulation (2). 

     The genus Aspergillus contains the most 

important storage moulds. A. flavus and A. 

parasiticus produce aflatoxins, the most potent 

natural hepatocarcinogens, while A. niger, A. 

ochraceus and A. carbonarius produce 

ochratoxin A (3). A. flavus is also the second 

cause of invasive and allergic aspergillosis after 

A. fumigatus, and is a leading cause of fungal 

sinusitis and keratitis in hot, dry regions (4). 

Grain stores therefore act as reservoirs of 
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airborne conidia that link food contamination to 

human exposure, which makes them relevant to 

epidemiological surveillance (4). Natural 

antifungal agents against these species are an 

active research area (5). 

Species identification in Aspergillus is difficult 

because sections such as Flavi and Nigri contain 

cryptic species that look alike. Current 

taxonomy relies on a polyphasic approach with 

calmodulin, β-tubulin and ITS sequences (6,7). 

Within species, isolates also differ in sclerotial 

type, toxigenicity and virulence, so morphology 

alone cannot describe population structure (7). 

       In neighbouring Egypt, Aspergillus section 

Flavi dominates the mycobiota of stored barley 

and maize, and many isolates carry aflatoxin 

biosynthesis genes (8). Aflatoxin B1 is also the 

mycotoxin of greatest concern in Egyptian 

maize (9). In Iraq, aflatoxigenic A. flavus and A. 

niger have been recovered from wheat stored in 

silos in Baghdad and Al-Muthanna (10,11), A. 

flavus was the most frequent Aspergillus species 

on stored maize around Baghdad (12), and 

aflatoxin B1 was detected in 60% of milled rice 

samples marketed in Duhok (13). However, 

most of these regional studies, including those 

from Iraq, report species frequency and toxin 

levels rather than genetic variation among 

isolates. 

     Random amplified polymorphic DNA 

(RAPD)-PCR uses single short primers of 

arbitrary sequence to amplify anonymous loci 

across the genome, without prior sequence 

knowledge (14,15). It is fast, cheap and needs 

little DNA, which suits laboratories in low-

resource settings. RAPD has separated closely 

related Aspergillus taxa (16), produced species-

specific patterns for A. flavus, A. fumigatus and 

A. niger (17,18), and revealed high genetic 

diversity in A. flavus from wheat, maize and 

barley in Saudi Arabia (19–21). Egyptian and 

Iraqi studies have applied RAPD to soil 

Aspergillus spp., A. flavus and A. niger (22–24). 

Sequence-based work on Kenyan maize 

likewise showed that A. flavus populations from 

a single crop are genetically heterogeneous (25). 

       To our knowledge, no study has compared 

the RAPD-based genetic diversity of 

Aspergillus spp. across the three main stored 

cereals in Iraq within one sampling frame. This 

study therefore aimed to (i) determine the 

frequency of Aspergillus spp. in stored wheat, 

maize and rice; (ii) estimate intra- and 

interspecific genetic diversity of the isolates 

with RAPD-PCR; and (iii) test whether genetic 

variation is structured by species or by grain 

source. 

 

METHODS 
Study design and sampling 

     This cross-sectional study was conducted 

between January and March 2026. A total of 90 

stored grain 

Haditha, Hit, 

Ramadi and Rutba, Anbar Governorate, Iraq. 

Each sample (about 1 kg) was a composite of 

Samples were placed in sterile paper 

bags, labelled with source, storage period and 

date, kept at 4 °C 

constant weight. 

     Two complementary methods were used. For 

direct plating, 100 grains per sample were 

surface-

and placed on dichloran rose 

bengal chloramphenicol (DRBC) agar, 10 grains 

per plate (8). For dilution 

and 0.1 

mL of each dilution was spread on DRBC in 

duplicate. Plates were incubated at 28 ± 2 °C in 

the 
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(Fr) and relative density 

(RD) were calculated as follows: 

All Aspergillus colonies were purified by single-

spore isolation and maintained on potato 

dextrose agar 

Morphological identification 

      Isolates were three-point inoculated on 

Czapek yeast autolysate agar (CYA) and malt 

extract agar (MEA) 

sclerotia were recorded. 

Conidial heads, vesicle shape, seriation, stipe 

texture and conidial 

Klich (26), Pitt 

and Hocking (27) and Samson et al (6). 

Molecular confirmation of species 

was amplified with primers ITS1 

and ITS4 (28), and part of the calmodulin gene 

with primers cmd5 and 

PCR 

products were purified and sequenced in both 

directions by a commercial sequencing service. 

with a type strain was 

accepted. 

     Isolates of section Flavi were screened on 

coconut agar medium for blue fluorescence 

under UV light at 

pink to red colour 

change on the colony reverse was scored as 

positive (31). 

      Each isolate was grown in 50 mL potato 

dextrose broth at 28 °C for 3 days with shaking 

at 120 rpm. 

with a 

cetyltrimethylammonium bromide (CTAB) 

protocol (32). DNA purity and concentration 

were 

agarose gel, and working 

stocks were diluted to 25 ng/µL. 

      Thirty-six isolates representing all species, 

grain sources and districts were selected for 

genotyping. Ten 

isolates, and the five that 

gave clear, reproducible and polymorphic 

profiles were retained for the full 

µM primer, 1 U Taq DNA polymerase and 

50 ng template DNA (14). Thermal cycling 

consisted of initial 

final extension 

at 72 °C for 10 min. A no-template control was 

included in every run. 

a 100 bp plus DNA ladder. 

Gels were stained with ethidium bromide (0.5 

µg/mL) and photographed 

with independently prepared mixes, and 

only bands present in both runs were scored. 

     Clear bands between 200 and 3000 bp were 

scored as present (1) or absent (0) for each 

isolate, 
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bands (NPB) and 

percentage polymorphism (PPB = NPB/TNB × 

100) were recorded. Polymorphic 

power after Prevost and Wilkinson (34): 

    where fi is the frequency of the amplified 

allele i, Ib is the informativeness of band b, and 

p is the 

the unweighted pair group method 

with arithmetic mean (UPGMA) (36) in 

NTSYSpc version 2.1 (37). Fit 

(PCoA) was run on the same 

matrix. 

polymorphic loci, Nei's gene 

diversity (h) (40) and Shannon's information 

index (I) (41) were calculated in 

among groups, and significance was tested with 

999 permutations (43). Differences in 

Aspergillus 

Ethical considerations 

of participating warehouse and 

market owners. 

 

RESULTS 
Fungal contamination and Aspergillus 

frequency 

and 11.4% in rice (Table 1). 

Aspergillus was recovered from 47 of 90 

samples (52.2%). Its frequency was 

statistically significant (χ² = 4.36, df = 2, P = 

0.113). Maize also had the highest mean fungal 

count (2.4 × 

Table 1. Fungal contamination of stored wheat, maize and rice samples. 

 

       A total of 55 Aspergillus isolates were obtained (one isolate per species per positive sample); 

because 

samples. Fifty-three were assigned to six species and two could not be identified to species 

level (Table 

RD = 30.9%) and A. parasiticus (Fr = 7.8%; RD = 12.7%). ITS and calmodulin 

sequences of 12 

identifications. Of the 27 section Flavi isolates (A. flavus, 20; A. parasiticus, 7), 15 

(55.6%) were positive 
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Fr, percentage of the samples of each grain (n = 30) yielding the species; RD, percentage of all Aspergillus isolates from 

that 

 

RAPD profiles and primer informativeness 

Primer OPA-09 was the most informative (PIC = 0.44; Rp = 8.2) and OPB-07 the least (PIC = 0.22; 

Rp = 

in A. flavus isolates. 

 

      Genetic diversity was highest among maize isolates (h = 0.31; I = 0.46) and lowest among rice 

isolates (h 

attributed 82% of the total variation to differences within grain-source groups and 

18% to differences 
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Table 4. Genetic diversity indices of Aspergillus isolates by grain source and by species. 

 

DISCUSSION 
      This study showed that Aspergillus 

contaminated 52.2% of stored wheat, maize and 

rice samples from 

was recovered from all barley and maize 

samples collected from markets in Qena (8), and 

with Iraqi 

12). Maize carried 

the highest fungal load and the highest 

Aspergillus frequency, consistent with its 

among grains did not reach statistical 

significance with 30 samples per commodity. 

The presence of 

concern, because aflatoxin 

B1 is the main mycotoxin reported in maize 

from the region (9,12), and it has 

     The five RAPD primers revealed 82.8% 

polymorphism, slightly below earlier reports. A. 

flavus from Saudi 

polymorphic bands 

among 24 Iraqi A. niger isolates (24). Such 

differences partly reflect the number of 

soil Aspergillus species and 

showed similarity above 80% between A. 

terreus and A. aculeatus (22), while 

indicates that the selected primers were 

moderately to highly informative, since 0.5 is 

the theoretical 

     Clustering grouped isolates mainly by 

species, which supports earlier work showing 

that RAPD patterns 

species, isolates 

did not cluster by grain source or district, as also 

reported for A. flavus from Saudi 
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commodities through shared stores, transport 

and trade, as expected for a largely clonal fungus 

whose 

     RAPD profiles did not separate aflatoxigenic 

from non-aflatoxigenic section Flavi isolates in 

this dataset, 

deletions or point mutations 

in the aflatoxin gene cluster, which anonymous 

markers are unlikely to 

species (7,47,48), and a 

genetically varied population is more likely to 

include highly toxigenic or 

genotypes identified in such surveys are also 

candidates for biological control (44). 

genotyped, and 

species other than A. flavus and A. niger were 

too few for separate diversity estimates. 

regional effects could not be tested. 

Toxigenicity was screened by cultural methods 

rather than 

CONCLUSION 

genetically diverse Aspergillus 

community dominated by A. flavus, and more 

than half of the section 

grouped isolates mainly by species, with only 

modest differentiation among grain sources. 

RAPD-PCR is 

be combined with 

toxin-gene PCR and codominant markers to 

assess food-safety and public-health risk. 
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