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Aflatoxins are potent carcinogens produby A. flavusas secondary metaboli. They
have the ability to contaminate a large number aafdf which ultimately affect th
human population. Investigating the incidencesaflatoxigenic species ofA. flavusin
the local area samp were the aim of current study. Samples were cate@ndomly
from soil and maiz grainsin the Sulaimani governorate. Morphological feasuead
specific PCI-based protocol were used for identificationfofflavu: isolates. This PCR
protocol was based on the m-copy internal transcribed region of the rA unit
(ITS15.85ITS2 rDNA), which allowed discrimination from otherlosely relatec
species. Molecular approach has been used fortaeteaf aflatoxigenicity of theA.
flavusisolates. In this study out of eighteen isolately saven isolates were molecula
and morphologically identified ¢A. flavus The aflatoxigenicity of these seven isole

were detected by molecularly method which succégsumplify two structuralgenes
(aflD and aflO) out of three structural genes, and one regulatgeyne aflR).
Furthermore, no specific amplicon f@flP) was obtained in this stuc

1. Introduction

Food and feed contamination by mycotoxins is ai@mt food safety issue in thworld, especially in
developing countries. Mycotoxigenic fungi have #ility to contaminate wide range of food and anim
feed with one or more mycotoxil[1,2]. Mycotoxins produced by a varieties fahgi [3].There are now
around 300 to 400 compounds recognized to be myits [4,5]. Some of these mycotoxins eéimportant
and focused on, includingflatoxins, ochratoxins, deoxynivalencearalenongfumonisin, 7- 2 toxin, and
T-2 like toxins.One of the most common foodborne fungi is the afliat produce. Contamination of
agricultural commodities by aflatoxins are a sesiguoblem due to theubstantial health effect it has
humans and animals [3].

Aflatoxins are potent carcinogenic, mutagenic aratbgenic secondary metabolites aflatoxins are
produced predominantly bgspergillusflavus and Aspergillus parasiticug6,7,8,. In humans, the risks
associated with aflatoxins consumption have beeli recognized and the International Agency f
Research on Cancer (IARC) has designated aflat@sres human liver carcinog(4]. The aflatoxinogenic
fungi can contaminate severfdod commodities including cereals, maize (cormitan, groundnut
(peanus), pistachio nuts, and waln [9,10,11]. Maize used as a sourcehafmanand livestock food. It is
also one of the crops subject to the most critigatotoxin problems throughout the worFurthermore, it is
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one of the main cereals in Kurdistan region, whschnnually produced in large amounts to be usdolcial
cereal products [12].

There are many cultural and highly specifid aensitive methods for determining aflatoxins tture,
such as culture-based methods that determine ifmaple is contaminated with aflatoxigenic fungi
[10,13,14]. In many of these methods, more spegciltd experts require for detection the presence of
aflatoxins. Recently, DNA based detection system&tbeen introduced as powerful tools for detectimg)
identifying the aflatoxin producing fungi. One ofhigh, includes the use of polymerase chain reaction
(PCR) as it generates multiple copies of the regiobe amplified easily and more accurately thamyma
other methods being used [15,16].

Here, we used molecular approach for accudaiaification and detection of aflatoxigenicity isblates
of A. flavus which allowed us to investigate the incidencesafdtoxigenic species &. flavusin the local
area samples.

2. Materials and Methods:
2.1 Survey Sites

Composite soil samples were collected fromstindace layer (0.0 -0.3 m) of the dominant croppeits
at different sites within Sulaimani Governorate. eThites encompassed (Kanimara,Dukan, Halabja,
Peramagron, Rania, Khwrmal and Twella), that inethdagricultural soils cultivated with maize and
different vegetables. Maize grains were collectemimf corn fields in (Halabja, Hawraman and Rania)
regions. All samples were collected in betweéfi ¢2July 2014 -1Hof Oct 2014).

2.2 Fungal isolation:
2.2.1lsolation fungi from the Soil samples:

Soil samples were subjected for fungal isokativithin two days of collecting. Fungi were iseldtby
using soil dilution plate method on (PDA) and (ABPRoth Potato-Dextrose Agar (PDA) and Aspergillus
Differentiation Agar media (AFPA) were prepared @ding to the instructions as indicated by the
manufacture. After adding (100 mg\1L) chloramphehantibiotic for prevention of bacterial growtinety
were sterilized by autoclaving at 121°C for 15 mimder 1.5 bar pressure. The Petridishes were then
incubated at 28° C. The plates have been obsefterd%7) days [17,18,19,20].

2.2.21solation fungi from the Maize samples:

Maize grains were collected from three différdecations of Sulaimani Governorate. Direct plaiethod
used for isolation of fungi from maize samples.sThiethod previously described by [21]. This steg wa
followed by surface sterilization of the grainsNaOCL for 120 seconds, then the maize grains washed
off using dHO. Later on, drying was performed by using stéfeatman filter paper, and plated on sterile
(PDA) at the rate of 10 grains per plate. Thirtyed® were plated per plant and incubated at a room
temperature of 28C.
2.3ldentification of Aspergillus species:
2.3.1Morphological identification:

Morphological characteristics such as grovetie rcolony diameter, aerial mycelium and pigméoradf
fungi or colony reverse color, conidiophore, vesichetulae, phialides and conidia are generallyclzasd
essential tool for identification gkspergillusspecies. Macroscopic colony characters were exainimder
the dissecting microscope aftdspergillusisolates have been grown on selective and diffelemedia
(AFPA), and (PDA) at 28Cand 25 C respectively for seven days.

After Aspergillusisolates have grown on both media under the abwrdioned incubation conditions for
macroscopic analysis, new subculturesAgpergillusisolates were prepared on (AFPA) and (PDA) for
studying microscopical characters. Most microscagharacters such as (conidiophore, vesicle, metulae
phialides and conidia) were examined by (Slide @ak Technique) as described by (Shekhany, 2008).
Slides were prepared from these cultures by usaetpphenol cotton blue as a mounting medium then
examined under light microscope. Macroscopic andrascopical characters have been used for
identifications of isolated fungi as reported b@,[A2,23, 24].
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2.3.2Molecular identification:

PCR-based methods that target DNA are coresidargood alternative for rapid diagnosis due &ir th
high specificity and sensitivity, and have beenduk® the detection of aflatoxigenic strains Af flavus
[6,10,25]. The genomic DNA from the all seven isetawere extracted and prepared by using DNA
extraction kit (Bio Basic) as described accordimgnanufacturer's instruction.

DNA used as template for PCR amplification. Wed a PCR protocol based on multi-copy sequences
(ITS) (ITs-1, 5.8 S and ITS-2) of rDNA specific #. flavus which allows distinction from other
aflatoxigenic molds, in particular fronA. parasiticus and organisms commonly found on grains
[6,10,25,26]. Specific PCR assays were carried osing the purchased primers FLA1 (5'-
GTAGGGTTCCTAGCGAGCC-3’) and FLA2 (5-GGAAAAAGA TTGATTGCGTTC-3') forA. flavus

PCR reactions were performed in the Eppenladtercycler Gradient. The PCR amplification protoc
for A. flavuswas as follows: 1 cycle of 5 min at 95 °C, 26 egobf 30s at 95 °C (denaturation), 30 s at 58 °C
(annealing), 45 s at 72 °C (extension) and, findllgycle of 5 min at 72 °C [6,26].

Amplification reactions were carried out inwmmes of 25 ul containing 4 pl (10 pg—100 ng) ohpdate
DNA, 1 pl of each primer (20 mM), 2X PCR reactiouffer, 4 mM of MgC}, enzyme stabilizer, loading
dye, and 0. 5 mM of dNTPs (100mM) and Taq DNA payase (1unit \ 10ul) supplied Prime Taq Premix
GeNetBio (Korea). PCR products were detected onag¥ose ethidium bromide gels in TAE 1X buffer
(Tris—acetate 40mM and EDTA 1.0 mM). The 100-bp DiN#lder GeNetbio (Korea) was used as the
molecular size marker.

2.4 Determination of aflatoxigenic potential of A.flavu
2.4.1Detection of aflatoxin producers based on cultulahracteristics in Aspergillus differentiation madi

In this method, aflatoxigeni&. flavusspecies have been distinguished from othgpergillusspecies
based on the revers orange color on the plates s&ten days of incubation at 28 °C. Orange coldhé
reverse of the colonies is due to the reactiorenfd ions from ferric citrate present in the mediwith the
aspergillic acid molecules synthesizedAspergillusspecies [10,15,27].

2.4.2Molecular detection of aflatoxigenic A.flavus idelst

Recently, molecular methods have been devdlapalistinguish and identify aflatoxinogenic stisiof
A.flavusfrom other food-borne fungi [27]. Nowadays polyams chain reaction (PCR) is extensively used
for aflatoxin detection as it is easy to employstfand accurate [16]. Several research groups2230]
have tested the possibility of applying PCR-basstdation techniques for the presence of genomic DA
conventional PCR. Some others, however, used Reveenscription PCR (RT-PCR) or Real-time PCR to
detect the expressivity of the aflatoxin biosynithgenes.

Cluster genes in aflatoxin biosynthesis pathwantain structural and regular geneer-1, omtB,and
omt-1are structural genes that coding for key enzymelsaiR is a regulatory gene that plays a key role in
the production of aflatoxin and is affecting on #teuctural genes and activate transcription. Foimer
pairs have been used for specific implication afiY, aflO, aflP, and aflR genes table (1) [31]. The
housekeeping gene tubl codfpyubulin may be chosen as a system control for CAx#plification.

Amplification reactions were performed by ysthePrime Taq Premix GeNetBio (Korea) kit with 25 pl
reaction mix containing 4 pl (10 pg—100 ng) of téemg DNA, 1 pl of each primer (20 mM), 2X PCR
reaction buffer, 4 mM of MgG| enzyme stabilizer, loading dye, and 0. 5 mM off@d (100mM) and Taq
DNA polymerase (Lunit\ 10ul). PCR products wertedied on 2% agarose ethidium bromide gels in TAE
1X buffer (Tris—acetate 40mM and EDTA 1.0 mM). TH@0-bp DNA ladder (100-1500) GeNetbio (Korea)
was used as the molecular size marker. Cyclingnpaters were: 5 min at 94 °C, for 35 cycles, 30 84at
°C, 60 s at 50 °C, 90 s at 72 °C, with a final egten at 72 °C for 7 min in a DNA thermal cycleR]3
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Table- 1: Primers used in this study, target geaguence & expected PCR size.

Primer code Gene Primer sequence (5'to 3’) Expected size (bp) Optimal annealing Temp. (°C)
Nor1- (F) aflD  ACGGATCACTTAGCCAGCAC 990 50
Norl- (R) CTACCAGGGGAGTTGAGATCC
omtB(F) afl0O GCCTTGACATGGAAACCATC 1333 50
omtB(R) CCAAGATGGCCTGCTCTTTA
Oomt1-(F) aflP GCCTTGCAAACACACTTTCA 1490 50
Oomtl-(R) AGTTGTTGAACGCCCCAGT
AfIR-(F) aflR  CGAGTTGTGCCAGTTCAAAA 999 50
AfIR-(R) AATCCTCGCCCACCATACTA
Tubl-(F) tubl  GCTTTCTGGCAAACCATCTC 1498 50
Tubl-(R) GGTCGTTCATGTTGCTCTCA

3. Results:

3.1Morphological detection of A. flavus

Examination of cultural and morphological feas can be used as a key to identify specieseiith
flavusgroup and to differentiate between this group aerofungal groups with similar morphologies [10
,22,24,33].

The color of the colonies was used for fidgritification ofA. flavus After seven days of incubation at
28°C on AFPA, and at 25°C on PDA, plates were olggbfor macroscopic characteristics such as colony
color, colony diameter, colony reverse color figu(é) and (2). Table (2) illustrates the macro amdro
morphological characteristics &f flavus

Table (2) Morphologicahfares used to identif. flavus

Morphological Name of medium
Characteristics
AFPA PDA
Colony color\ Texture White \ Granular Yellow to Green\ Granular
Colony diameter (mm) 15-18 35-40
Colony reverse color  Yellowish orange Hyaline
Seriation Biseriate\Uniseriate Uniseriate\ Biseriate
Vesicle Shape Globose Globose
Conidia Head Shape Radiate Radiate

The size of the colonies are observed after seags dof incubation on both media.

Colony Revers Color
Orang Color

Figure (1) Colony characteristics &. flavus: Name of Medium: FPA, Colony color: White , CojoDiameter: (18)
mm, Colony Reverse Color: Yellowish orange Aftevesedays of incubation at 28°C.
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Colony color " Oolony Reverse Colorg

* Vellow io Green on PDA Hyaline »

Figure (2) Colony characteristics @&. flavus: Name of Mediumolony color: Yellow to Green, Colony
Diameter: (35) mm, Colony Reverse Color: HyaliA&er seven days of incubation at 28°C.

A. fluvusis morphologically characterized by yellow greenoli or granular colonies on PDA. The
colonies are flat, with radial grooves. This spgsdégemicroscopically characterized by conidiophdhed are
hyaline and globose vesicles bearing chains ofdianConidia appeared globose to subglobose, pakng
in color [24,34]. Conidial heads are typically ratgi figure (3) and biseriate figure (4), but haveame
heads with phialides borne directly on the vedidere (5).

(1) Radiate conidia
Conidiophore l‘l?shape

&3

%

Figure (3) Conidial heads shape and Conidiospore: 1) Radiatielia head shape. 2) Chain of Conidiospores.
Microscopic observation of the fungal isolate undi@dx magnification (lactophenol cotton bjue

r T TS

‘ e
(2) Conidiospor".e

=4 -

Figure (4) Biseriate conidial head &. flavus 1) Aspergillum like spore -béaring conidiophozeGlobose vesicles)
Vesicles bearing (Metulae and Phialides) bisecatgdial headMicroscopic observation of the fungal isolate under

400x magnification (lactophenol cotton bjue

Biseriate conidial head has been used as maapyi separation key oA. flavusfrom A.parasiticus
However not alA. flavusisolates consistently produce metulae [10].
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Figure (5) Uniseriate conidial head éf.flavus 1) Aspergillum like spore bearing conidiopho®.Globosevesicles.3)
Phialides borne directly on the vesicles.
Microscopic observation of the fungal isolate undi@®@x magnification (lactophenol cotton blue).

3.2 Molecular Identification of A.flavus

Seven out of eighteer\. flavus isolates included in this study were identified bgecific
amplification of a DNA fragment of expected siz€®@5bp) in PCR by using specific primers FLAL1 and
FLAZ2 figure (6) [6,25]. PCR based methods thatea@NA are considered a good alternative for rapid
diagnosis due to their high specificity and sewisiti and have been used for the detection of @figenic
strains ofA. flavus|[6].

500(bp) —»

Figure (6) PCR-based detection af flavus
Lanes(1-7) PCR amplification product (500 bp) by usprgmers FLA1/FLA2 and DNA fronA. flavusisolatesLane

(8) Non DNA template. M: (100) bp DNA molecular simarker.Reactions were carried out in volumes of 25 pl
containing 4 ul (10 pg—100 ng) of template DNIALLI of each primer and PCR Master mix.

PCR products were detected on 2% agarose ethidiomitie gels in TAE 1X buffer.

3.3 Cultural method for aflatoxin detection:

There has been much interest in developingusinty cultural method for detecting aflatoxinsfungal
cultures. Various analytical methods have beenrtegdor the detection of aflatoxins. Screening \dase
by using orange color characteristics in Aspergilifferentiation media [13,15].

3.3.1Detection of aflatoxin producers based on reveeracchange on AFPA

Aspergillus differentiation media (AFPA) is selective and differential medium which is used for
detection of aflatoxin producingspergillusspecies. As it can be seen from figure (7), afteingubation
time of 7 days at 28 °C, an orange color is dealdp the reverse side of the plate. This is bexafi$erric
ions from ferric citrate present in the medium teaeith the aspergillic acid molecules synthesibgd
Aspergillusspecies.
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Colony Revers Color
Orang Color

Figure (7) A. flavuson AFPA, after 7 aays incubation at 28°C, with aleteristic orange color on reverse side of plate.

3.3.2Detection of aflatoxin producing strains by convemal PCR method:

For molecular diagnosis of aflatoxin producstgins ofA. flavus,polymerase chain reaction (PCR) was
carried out for three structural genafild, aflO, andaflP) and @fIR) is a regulatory gene. The housekeeping
gene tubl codin@-tubulin has been chosen as a system control fok Bidplification. PCR results revealed
that all toxigenic isolates @. flavusincluded in this study contained two structui@ld andaflO) genes
out of three structural genes, and regulatory gefiR) has been detected in all toxigenic isolates réd@8).

Non DNA templates running for each primers havenbesed to detect there were no any contamination in
our PCR results.

«  1500(bp)

< _1000(bp)

<« S500(bp)

Figure (8) PCR-based detection of AflatoxigerAc flavus
Reactions were carried out in volumes of 25 ul aimiig 4 pl (10 pg—100 ng) of template DNAul of each primer,
5.5 pl of RNA DNA free and PCR Master mix. PCR pro$ were detected on 2% agarose ethidium broneteig
TAE 1X buffer. Gel electrophoresis analysis of P@Rducts using primers and DNA extracted from isoltane ofA.
flavus M: (100) bp DNA molecular size marketanes(1) DNA of A. flavusisolate using housekeeping gene
tubIprimer with 1498bpLanes(2) DNA of A. flavusisolate usingflD primer with 990bpLanes(3) DNA of A. flavus
isolate usingaflO primer with 1333bpLanes(4) DNA of A. flavusisolate usingaflP primer no any product.anes(5)
DNA of A. flavusisolate usin@fIR primer with 999bp.

4. Discussion:
4.1 Morphological identification of the isolates:

All A. flavusisolates included in this study were identifiecsdsh on their characteristics and description
features reported by [10,22,24,23,34].fluvusis morphologically characterized by yellow greenoliy or
granular colonies on PDA its colonies are flathwidial grooves [34]. Differences in colony diaeretf A.
flavus have been observed, colony diameter on AFPA is lemabmpared to its diameter on PDA.
Difference in nutrient ingredients of media may makdifference in colony diameter of fungi.

Rodrigueset al. [10], reported that microscopical features liketutee and phialidesan be used as
primary keys to differentiation betweeh flavusand A. parasiticus Seriation among. flavusand A.
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parasiticustend to be vary in a way that parasiticusis mostly observed having uniserate conidial head.
However,A. flavusshows biseriate conidial. Figure (4) and (5) slvowidial head seriation iA. flavus

4.2Molecular identification of the isolates:

Seven out of eighteen isolates in this studyawdentified by specific PCR protocol. Molecutaethods
have been widely applied in the identification ofaege number ofAspergillusspecies. Including studies
within A. flavus comparingA. flavuswith other Aspergillusspecies, and even for differentiating aflatoxin
producers from non-producers. Several rDNA complegions and structural aflatoxin genes have been
tested for use as molecular markers, with diffefeviels of success [10]. Al-Wathigt al, [25] successfully
used two different sets of primers for identificatiof A. flavus universal primer for (ITS-1 and ITS-2)
(genus specific primers), and (species specifim@rs) for variable regions d@ftubulin and calmodulin
genes. Some genes like Topoisomerase 2 calmoadinell as3-tubulin are extensively used to identify
fungi at species level. However, the use of theseeg is limited to distantly related fungal specj@s,36].

El Khoury et al, [37] designed gene-specific primers for the takkm biosynthesis genes. In order to
distinguish betweeA. flavusandA. parasiticus

The most widely used DNA target regions tontifig Aspergillusspecies are the ones in the rDNA
complex, mainly the internal transcribed spaceroreg(ITS1-5.8S-ITS2 rDNA) [6,9,10,25,38] . A spexi
PCR protocol based on multi-copy sequences (IT83-5I'S2 rDNA) specific téA. flavuswas used in this
study that allows its differentiation from othetaabxigenic molds, in particular frorA. parasiticus and
organisms commonly found on grains [6]. This protpbowever, does not allow discrimination betwéen
flavus and A. oryzae because they have shown to possess high degrd&¥/o relatedness and similar
genome size [6,10,39] with the exception of fewfaténce in genes involved in aflatoxin biosynthetic
pathway [39]. To differentiate between flavusand A. oryzae we detect two structural genes and one
regulatory gene in seven isolates.

4.3 Detection of aflatoixgenic A. flavus:

Not all strains ofAspergillusare able to produce mycotoxins, therefore, theee nged for screening of
their toxin production abilities. There are manyaatced and accurate, but expensive and time congumi
techniques used to determine aflatoxin concentratieese are: high-performance liquid chromatogyaph
(HPLC), enzyme-linked immunosorbent assay (ELIS#Y thin layer chromatography (TLC) [15,16].

One cultural based method was used in ordgidlya differentiate between aflatoxigenic and non
aflatoxigenicAspergillus[10,13,14].

4.3.1 Detection of aflatoixgenic A. flavus by using theltwe based method (Aspergillus
differentiation media)

(AFPA) is a selective ardifferential medium forA. flavusand A. parasiticus It was used for the rapid
detection of aflatoxigenic species. AflatoxigeAicflavuscan produce yellowish orange color on the reverse
side of the colonies, when they have been growtherfAFPA) medium. The coloration was due to rescti
of ferric ions, from ferric citrate, with asperggllacid molecules synthesized Bgpergillusspecies 10,15].

A. flavusandA. parasiticusare capable of producing potent aflatoxins. Sevyeapkrs reported that toxigenic
A. flavusisolates generally produce only aflatoxins B1 ar®] BhereasA. parasiticusisolates produce
aflatoxins B1, B2, G1 and G2 [3,8,1Dur results shows that this medig&FPA) is suitable for primary
detection ofA. flavusand, potentially, of aflatoxins.

4.3.2Detection of aflatoixgenic A. flavus by using malac method (conventional PCR)
Microbiological identification, high-performae@ liquid chromatography (HPLC), thin layer

chromatography (TLC) and enzyme-linked immunosorlassay (ELISA) are examples of the conventional

methods used for the detection of aflatoxins. Thesethods are considered as reliable methods fectiet

of aflatoxigenicA. flavus[13,15,16]. However, these methods are mostly ttmesuming and requiring

labor. Molecular techniques have been widely apptie distinguish the aflatoxin producing and non-
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producing strains of. flavusand related species. This has been through thelation of presence-absence

of one or several genes involved in the aflatoxosynthetic pathway and the ability-inability toopiuce
aflatoxins. Recently, DNA based detection system&tbeen introduced as powerful tools for detectimg)
identifying the aflatoxin producing fungi [16,40]2&everal PCR based systems have been developed to
discriminate between aflatoxin producing and naodpcingA. flavusstrains.

Criseoet al, [27], Degolaet al, [28], Criseoet al, [41], Rahimiet al, [42], Navyaet al, [43] and
Hussainet al, [16], used a multiplex PCR approach based onatimplification of four target DNA
fragments &fID , aflO, aflPandaflR ) for detection of aflatoxigenia. flavus Lathaet al, [44] reported that
the multiplex PCR could be used as a marker torlgletifferentiate between the aflatoxin-producingda
non-aflatoxigenicA. flavus Mayeret al, [45] have used real-time PCR to monitor the eggion of an
aflatoxin biosynthetic gene &. flavusin wheat. Houshyarfardt al, 2014) reported that the analysis of
deletion patterns in aflatoxin gene cluster wasseful marker for the identification of non-aflatggnic
strains. Furthermore, several research groups ddwmgted reverse transcription PCR technique (RTJRER
detect an mRNA specific for an aflatoxin biosynibetene and differentiate aflatoxin-producing fromn-
producing strains oA. flavus[28,32,45].

Among the 27 genes involved in aflatoxin bintkyesis only three structural key gene8Ly, aflO, and
aflP) and one regulatory genaflR) have been used in this study as a target molemasakers to detect the
aflatoxigenicA. flavus Schermet al [32] studied 13 isolates &. flavusand found consistency o&f(D,
aflO andaflP) genes in detecting aflatoxin production abilityrtifier indicating them as potential markers.
Most of the genes in the aflatoxin biosynthetichpaty gene cluster are regulated BjiR) [11]. (aflO,and
aflP) are necessary for final formalities of aflataxtniosynthesis [46,47].

In the present study, molecular method is @doas a rapid and accurate detection system tatdete
aflatoxigenicA. flavus Our results for all aflatoxigenic isolates shawat bands of the fragments @iflD,
aflO and aflR) genes visualized at (990, 1333 and 999bp) reispéctin figure (8). While no specific
amplicon for &flP) was obtained in our condition even if we useddae pair of primers described by the
[32]. Criseoet al, [27] obtained a four band pattern for all proghscand a variable pattern for non-
producers of aflatoxin. Results of quadruplex F@Rwo aflatoxgenic strains &.flavus(MAM 084 and
MAM 096) show very weak signal results faaflP). Also presence of a complete pattern in the non-
aflatoxinogenic strains shows that it is not aisight marker for differentiation between aflatoxgienic and
some non-aflatoxinogenic strains. Degefaal, [28] discarded &fIP) because, their results under their
experimental conditions demonstrated that the RR-B@nal was not as significant as that for theeoth
genes. Rodriguest al, [10], Scherret al. [32], Lathaet al.,, [44] reported that the expression profile of the
three genesaflD, aflO, andaflP) were consistently correlated with a strain’s igbilo produce aflatoxins.
Degolaet al, [28] shows that one strain that apparently tdhed all the relevant geneaflD, aflO and
aflQ) but did not produce aflatoxin in the medium.

Houshyarfarcet al, [48] reported that production of aflatoxin isumal to several factors. Firstly, the
presence of certain genes. Secondly, the geneddsheuntact. Meaning that, there should not beomaj
deletions or insertions within the gene regionsegiions flanking the gene. Otherwise, deletionsesferal
portions of the aflatoxin biosynthesis gene clutas been reported to be the main cause for tikeadfac
aflatoxin production.

Degolaet al, [28] found that screening tests based on PCBcten of aflatoxin biosynthesis genes are
not dependable, this is due to the technique dmratat detect mutations outside the primers’ tacetgion
of the gene sequence. No sign of aflatoxigenicily be observed for eleven isolates when we usednie
culture method for detection of their toxigenicifhis is the reason why we consider these isokason
aflatoxigenic isolates. Non aflatoxigenicity ok#e isolates may be because of a mutation or geatomn
in one or more genes belonging to the biosynthgdite cluster [28]. Houshyarfaed al, [48] said that the
analysis of deletions within the aflatoxin biosyegls gene cluster for the 15 Iranian non-aflatmiige
strains ofA. flavusrevealed thaf. flavusstrains had different deletions in the aflatoximgeluster.
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In this study, it is concluded that sevendsed ofA. flavuswere able to confirm the aflatoxin production
by amplifying the three target genedlD, aflO andaflR) as these genes are considered as indicators of
aflatoxin production. Not all structural aflatoxigienes which have been detected in current lockltésoof
A. flavus (aflP) was not detected in all toxigenic local isolates.
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