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1. I ntroduction

Different species of pathogenic fungi can produgeatoxins which contaminate stored different
halal agriculture commodity (Sabry et al., 2016pn® of these fungi can produce different
mycotoxins as secondary metabolites (such as ritestofumonisins, ochratoxins, tricothethenes
etc...). Aflatoxins are produced from some strainfsmier gillus flavus andAspergillus parasiticus
and contaminated food and agriculture commoditgb@l et al., 2013). Aflatoxin B(AFB,) has
toxic, carcinogenic, mutagenic and teratogenicot$fén laboratory animals (Abdel-Wahhab et al.,
2010). In addition, AFB and its metabolites can accumulate in animal ¢issand reached to
human consumer through the food chain (Bintvihol£2002).

Halal Lactic acid bacteria (LAB) have importantedh food industry and that benefit humans and
animals health. Moreover, their safety has beemgar@mpirically and scientifically (Hathout and
Aly, 2014). Some of probiotic bacterial strainselik. reuteri and L. casa inhibited the fungal
growth and used to produce fermented Talpina amatedairy product and Ras cheese (Sahab et
al., 2011, Hathout and Aly, 2010). The most impatrtaAB species are of the gendractobacillus

and Bifidobacterium, due to their probiotic properties exhibited byngostrains and generally
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regarded as safe (GRAS) lactic acid bacteria. ABliafi et al. (2014) reported thBhterococcus
faecium, Enterococcus faecalis are important species of enterococcus genus witibiqtic
properties which used to suppress carcinogenexisice cholesterol level, and prevent bacteria-
associated diarrhea. So, these bacteria calletifoath LAB isolated from homemade fermented
vegetables produce antibacterial substances adadrtist gram-positive and importantly, gram-
negative common foodborne bacterial pathogEnterococcus faecium and enterococcus faecalis
enterococci are singular, double or short chained gram pasitiocci. Streptococcus faecalis was
defined by Felis and Dellaglio (2007). Halal baietein this genus were divided into various
species such as; Eecium, E. durans, E. faecalis, E. cassdiflavus, E. malodoratus, E. avium, E.
pseudoavium, E. dispar, E. sulfureus, E. flavescens, E. saccharolyticus, E. columbae ve E. cecorum
(Giraffa, 2003; Khan et al., 2010).

Adimpong et al. (2012) examined the partial orltegmuencing of the 16s ribosomal DNA (rRNA)
gene for practical routine purposes. If two orgarsipresent, a 16s rRNAgene sequence identity
are higher than 97% they can be considered clostdyed and thus belonging to the same species
(Vétrovsky et al., 2013). Identification based on ft&S rDNA sequence is of interest because
ribosomal exists generally among bacteria and deduegions with species specific predictability.
The aim this study was to isolate and identifynibe halal isolates of fungi and control its growth
using halal bacteria extracts as antimicrobial rejgpathogenic fungi and bacteria to produce halal
food. The use of molecular protocol technique enidied mycotoxigenic fungi

2. Materials and methods
2.1.  Samples collection

Twenty samples of different Egyptian cereal andpitsducts were collected from local markets.
While LAB bacteria, isolated from ten samples affitional dairy product were collected.

2.2. Isolation of fungi using agar test

Fungi were isolated from samples using the agdrnethods according to Sahab et al. (2014)
using solid potato dextrose agar (PDA) halal metie individual isolates were transferred to new
PDA plates in order to obtain pure cultures. Adllides were maintained on PDA and kept at 4°C
for further analysis.

2.3. Identification of fungi

The isolated fungi were identified according toargl morphology and microscopic examination
according to the keys of Nelson et al. (1983), Barand Hunter (1986) and Leslie and Summerell
(2006).

24.  Ability of fungal isolatesto produce mycotoxins

One mL of each of the fungal spore suspension wessferred into 250 mL conical flask
containing 100 mL broth (yeast extract 2%-Sucrd@¥#@ The cultures were incubated for 7 days
at 28°C. Aflatoxins, Ochratoxin A, were extractednh culture filtrates using chloroform. The
culture filtrates were extracted three times witlloooform and the chloroform extracts were
evaporated under nitrogen gas, the residue washekskin methanol, and then completely passed
through immunoaffinity column (C18) at a rate ofoab 1-2 drops/second. After passing the
samples, the immunoaffinity column was washed twicdn 10 mL purified water at a rate of
about 2 drops/second. Elution was performed wibhniL methanol and then analyzed by HPLC.

The HPLC system used for mycotoxin analyses wasgiient 1200 series system (Agilent, Berks,
UK) with a fluorescence detector (FLD G1321A), amoasampler ALS G1329A, FC/ALS thermal

G1330B, Degasser G1379B, Bin Bump G1312A and a (@h&nomonex, Luna 5 micron, 150 x
4.6 mm) column joined to a pre-column (securityrgud x 3-mm cartridge, Phenomenex Luna).
The mobile phase was water: acetonitrile: methéBdl:1, v/v/v) using an isocratic flow rate of 1

ml/min at 360 nm excitation and 420 nm emissionel@ngths.
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2.5. Molecular identification of mycotoxin producing fungi

Extraction of genomic DNA was carried out using @gia Kit (Qiagen Sciences, Maryland, USA)
according to the manufacturer’s instruction mantile PCR reactions were done to amplify the
ITS gene from the fungal isolates. The ITS regiaswmplified by using the primer set (ITS1)
(5CTTGGTCATTTAGAGGAAGTAA-3) and ITS4 (BGCTGCGTTCTIRICGATGC-3)
according to White et al. (1990) with some modtiiwa. PCR cycles consisted of an initial
denaturation step at 94°C for 5 min followed by @&les of denaturation at 94°C for 30 sec,
annealing at 55°C for 1 min and amplification at@Zor 2 min, with a final extension step at
72°C for 5 min. Amplification products for the ITi8cus were separated on a 1% agarose gel by
electrophoresis in 1X TBE buffer (Tris-borate EDTgA 8.0), using a 100-bp ladder DNA marker
(Invitrogen, California, USA). The gel was visualtz and photographed using ™XR + Gel
Documentation System (Bio-Rad, California 94547AUS

2.6. Molecular differentiation of isolated fungi using | SSR technique

Ten ISSR primers were used in the detection ofpolphism among five isolated fungi. These
primers were synthesized by Metabion Corporatioarn@any. The primers code and nucleotide
sequences are presented in Table (1). The PCR fanapdn reactions were carried out as
mentioned by Williams et al. (1990) with some magdifions. Reactions were performed in 25 pl
volume composed of 1x reaction buffer, 0.2 mM off@s, 1.5 mM MgCI2, 0.2 uM of primer, 0.5
unit of Taq polymerase (Qiagen Sciences, Marylai\) and 50 ng of template DNA, in sterile
distilled water. ISSR-thermo-cycling profile the R@mplification of the DNA was performed in a
Perkin Elmer thermal cycler 9700. The temperatuddilp in the different cycles was as follows:
an initial strand separation cycle at 94°C for 51nbllowed by 40 cycles comprised of a
denaturation step at 94°C for 1min, an annealieg st 45°C for 1 min and an extension step at
72°C for 1.5 min. The final cycle was a polymeriaatcycle for 10 min at 72°C.PCR products
were mixed with 5 pl gel loading dye and resolveddbectrophoresis in a 1.5% agarose gel
containing ethidium bromide (0.5 mg/mL in 1 x TBHffer at 120 volts). A 100bp DNA ladder
was used as molecular size standard. PCR produete wisualized under UV light and
documented using a ™XR+ Gel Documentation Systero-f&d, California 94547, USA. PCR
fragment purification .The PCR products were elufeasn agarose gels using Promega®'s
Wizard® SV Gel and PCR Clean-Up System accordirtgeananufacturer's instructions.

Table 1. ISSR primers name and sequences

Primer Sequence

ISSR-1  5-AGAGAGAGAGAGAGAGYC-3
ISSF-2  5-AGAGAGAGAGAGAGAGYG-3'
ISSR-3  5'-ACACACACACACACACYT-3'
ISSF-4  5-ACACACACACACACACYG-3
ISSR-8  5-ACACACACACACACACYA-3
ISSF-11 5-ACACACACACACACACYC-3
ISSF-12  5-AGAGAGAGAGAGAGAGYT-3
ISSR-13 5-CTCCTCCTCCTCCTCTT-3'
ISSF-15 5-CTCTCTCTCTCTCTCTR(3'
ISSR-16 5-TCTCTCTCTCTCTCTCA-3'

2.7. PCR fragment purification
2.7.1. Dataanalyss

The amplified fragments were scored as preserdr(dpsent (0). Ladder 100 bp DNA was used to
identify the molecular weights of fragments. Simtla matrix among the fungi isolates was
calculated and similarity coefficient was used &sidn the dendrogram using Unweighted Pair-
Group Method with Arithmetical average (UPGMA) amtiag to Rohlf (1993).

|
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2.7.2. |solation of lactic acid bacterial

The isolation of the LAB isolates was done accaydimLavanya et al. (2011) as followed: 1ml (or
19) of the product were homogenized with 9 ml &50ow/v NaCl sterile saline. A 0.1 ml sample
of suitable dilution was plated onto different tgpef media, i.e. MRS agar, and KAA agar. The
plates were incubated at 30 for mesophilic LAB d0d°C for thermophilic LAB for 2 to 3 days.
Colonies were selected according to their shape.pthity of isolates was checked by continuous
streaking on the respective media. The isolatextwhiere considered as already purified was
stored in medium containing 10% skim milk and 20%cerol as isolate stock at freezing
temperature (- 20 °C).

2.7.3. Preparation of bacterial cultureextracts

The cultures were extracted from liquid cultures ofAB grown in MRS or M17 medium at
optimum temperature for 24h.The cells were remdwedentrifugation at 4600 rpm /15 min and
the cell free supernatant was adjusted to PH7 amaight to final ammonium sulphate
(concentration 60%) by and stirred at 4°C for 18hle. supernatant fraction was decanted and the
pellet was air dried.

2.8. Evaluation the Antifungal activity of isolated lactic acid bacteria:
2.8.1. Zoneinhibition

The bacterial culture extracts were prepared dredt flaper discs (5 mm diameter, Whatman No.1)
were saturated with 146 from each extract. The paper discs were placeida@rulated agar plates
with the tested fungi and incubated at the appabpriemperature five days. The diameter of the
growth inhibition zones was measured averagedladean values were recorded.

2.8.2. Mycdium dry weight

Fungal spore suspensions (106 spores/mL) were n@epa an aqueous solution of 0.1% Tween
80. The lactic acid bacteria were grown in De Ma&ayésa Sharpe Broth at 37°C for 12 h. One mL
of each of the bacterial suspension for each stnaie transferred into 250 mL conical flask

containing 100 mL broth (yeast extract 2%-Sucrd3%Rand inoculated with 1 mL fungal spore

suspension. The cultures were incubated for 7 dag8°C. The mycelium mats were collected by
filtration through Whatman filter paper No.4, wadh®vice with water and dried in an oven at

95°C until constant weight and weighed.

3. Results and discussion
3.1.  Fungal isolation

Analysis of different species isolated from ceraalmples for morphological and cultural
characteristics showed that there was variatidhércolony color, margins, and texture and colony
reverse colors. Results in Table (2) revealed tthefpercentage of contamination peanut samples
reached to 93%Aspergillus spp were observed on 83.5% of samples followedHogarium
(10.67) while Penicillum was detected in few samples. Ninety isolates veenented from all
samples belonging five genera and identified fraffeient cereal samples.Table (2) also showed
that 63 out 90 isolates were identifiedfmpergillus species as the most predominant fungi (70%)
followed by Fusarium (22.22%). Among thé\spergillus species (Table 3A. flavus was isolated

in higher incidence (18 out of 63) of @pergillus isolates followed byA. niger, A. ochraceus, A.
parasiticus and A. terreus in descending order. These results were confirtmedlagnoli et al
(2007) who reported th#. flavus is generally the most destructive species in Hggptereal and
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cereal products. These fungi as well as other flusyecies which increase the respiratory rate and
accelerates deterioration in commercial and natr#ti value. Nakai et al. (2008) and Fonseca
(2012) explained that cereal and especially peamhbish a highrisk for contamination with these
speciesbecause its harvest of rainy periods and have @ tping times. Also Marcos (2005)
recorded higher incidence of these storage fungirddver Sahab et al. (2014) also isolated
Fusarium species in higher occurrence from Egyptian freshly hargdstaize. The differences in
finding due to the variation of weather conditi@mme especially temperature and water humidity.
Our results recorded higher occurrerfeflavus and A.parasiticus is vital observation because
these species are known to produce deferent typaflaboxins, (Pildain et al., 2008) especially
aflatoxin B, which the most potent carcinogens and cause myicots to human and animals.

Table 2. Percentage of infection and frequency occurrengeoffungal isolates

Fungal genel % infection *No of isolate! Occurrence (%
Aspergillus 83.50 63 70
Fusarium 10.7¢ 21 22.2%
Penicillium 2.70 6 6.66

*Total number of isolates =90

Table 3. Frequency occurrence (%) of fungal species assaktia

Fungal species No of isolaes Occurrence (%
A. flavus 18 20.0

A. ochraceus 14 15.5¢

A. niger 17 18.88
A.parasiticus 8 8.8¢
Aterreus 6 6.66

F. clomorum 12 13.33
F.graminearum 9 10.0
Penicillium spp 6 6.6€

3.2.  TheAbility of fungal isolatesto produce mycotoxins

Data in Table (4) showed thAt parasiticus produced higher concentrations of aflatoxing 8.7
ppb) thanAspergillus flavus (7.142 ppb). On the other hanl,ochraceus produced ochratoxin A
(OTA) at low concentration (5.086 ppb), whereashbisblatedA. niger and A. terreus did not
produce OTA or territrems respectively. The prooucthigh concentrations of aflatoxin, B
consider highly dangerous thus the aflatoxin iB the most potent carcinogen that causes
mycotoxicoses to human and animals (Pildain e2808). Previously, several researches (Sahab
et al., 2011; Sabry et al., 2016) isolated mycaewic fungi from different cereals commodities
and identified their associated mycotoxins. Thesoakeported that andlspergillus genera is the
most economically important genera especially thogeotoxin producing species.

Table 4. Ability of isolated fungi to produce mycotoxins

Fungal species No of isolate AflatoxinB; (ppb) Ochratoxin A (ppb).
A. ochraceus ! i 0.432

Il - 5.08¢
Aflavus I 7.142 -

Il 4.7¢ -

1 ND -
A.parasiticus I 5.34 -

Il 3.67 -

1] 10.7 -
A.niger I ND ND

Il ND ND

—
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3.3.  Antibacterial activity of LAB

Twenty local lactic acid bacteria (LAB) were is@dtfrom milk and traditional dairy product
samples (no tabulated data) and select two isolsiesed as isolate. faecalis and E. faecium .
Table (5) showed the antibacterial activity agathst four pathogenic bacterigstherichia coli,
Staphyl ococcus aureus, salmonella typhi, andBacillus cereus). The mean values of zone inhibition
diameter reached to 19.3 for isol&efaecalis which consider a higher effect thenfaecium. The
contamination food by pathogenic bacteria resultingghalal food and consequences in humerous
foodborne diseases (Targowski and Ptusa, 2015)hninicrease the estimated death worldwide
especially in many developing countries (Abdalltaale 2015). In order to achieve improved food
safety must be advanced by more application toym®dhalal food, without any haram ingredients,
no cause any health hazards that applied a newatina fermented food using LAB.

Table 5. Antibacterial activity of Bacteria extract againstious Pathogenic Bacteria

Bacteria extract Zone inhibition (mm)

B. Cereus E. COli S aureus S typhimurium
E. faecalis 19.0 £ 0.00 125+0.70 15.0+1.2 156+1.3
E. faecium 132 +1.2 1.1+96 19.3+1.2 12.8+15

Results in Figure (1) revealed that b&ihterococcus faecalis and Enterococcus faecium greatly
decreased mycelium dry weight, wherda®chraceu more sensitive to E. faecium (zero growth).
The inhibition percentage ranged between 9.13%6t87%6 when usindenterococcus faecalis
according to fungal species whekgflvaus isolates showed the percentage of inhibited higfneam

A. parasiticus (Tables 6, 7). Our findings are in agreement wlithse reported by Lahtinen et al.
(2004) and Niderkorn et al. (2006) who reported th&B can contribute to the inhibition of molds
development and production of mycotoxins. The aiatiobial activity of the two species due to
the production of bacteriocinen showed thaiterococcus species have a bactericidal and
bacteriostatic effect (Hathout and Aly, 2010). @esults recorded variations of the antimicrobial
effect due to the molecular characterization andhemical analyses of each isolate which cleared
the importance of these analyses to be sure ofraecname of the isolates. LAB have shown a
major potential for use in biopreservation becaafssafety for human consumption (GRAS status)
and the prevalent microflora during storage in méogds (Vignolo et al., 2008). Based on the
previous studies, the end product of fermentatiaiieipend on the substrate tBataecalis FAIR-E

229 since lactate was the main end product andl smaunts of ethanol, when lactose is the
substrate. When citrate was used it was convedeacétate and formate, lactate, ethanol, and
acetone. On the other side,faecium produces antibacterial peptides called bactersocin
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Fig 1. Effect of lactic acid bacteria on mycelium dry wgle of Aspergillus spp. Results are mean + SD (n=2)
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Table 6. Antifungal activity of Bacteria extracts againatrious fungal isolates

Bacteria Zone inhibition (mm)

extract
A A A A F. F. F.
flavus Parasiticus  ochraceus niger clomorum  graminerum  OXysporum

E.faecalis 156+12 16.2+154 106+15 223+14 11564 11.7+15 15+21
E.faecium 174+18 195+119 212+11 18913 14I& 156+1.3 92+14

Table 7. percentage % inhibition and average growth okd#ht fungal species affected by
Enterococcus spp.

Fungal species No of Enterococcus avarege Enterococcus
isolate! faecalis faecium

A.flavus 10 44.78-56.87 50.8 37.56-43.65 40.45
A. ochraceus 14 47.0(-55.¢ 51.4 89.C-100 94.5(

A. niger 25 31.24-36.9 34.7 42.73-51.76 47.20
A. parasiticus 8 22.1%-34.7 284 13.52-21.8¢ 17.6¢

A. terreus 6 33.3¢-37.¢ 35.5¢ 50.1%-23.0 36,5¢

F. clomorum 12 22.86-35.0 28.93 35.33-45.65 40.49
F. graminearum 9 9.15-22.7 15.¢ 44.7-56.¢ 50.7¢
Penicillium spp 6 14.8-34.7 24.75 22.05-34.6 28.32

34. Molecular identification of mycotoxin producing fungi

The ITS region is the official DNA barcoding markier species-level Identification of Fungi.
DNA barcoding systems employ a short standardiegtbn (between 400 and 800 base pairs) to
identify fungal species. ITS amplification producising the ITS1 and ITS4 primers are a unique
band ranging from 500-600 bp was obtained forsallated fungal strains (Fig 2). The amplicons
of ITS regions were column purified and sequencsihgua set of primers. The ITS region
sequences were aligned using blast algorithm antgpaced with the published sequences of ITS
region gene of different fungi (Table 8). The fesuevealed that the first fungal isolate of the
sequenced 18S rRNA gene was identifiedh\gsergillus ochraceus and had (98%) similarity with
Aspergillus ochraceus isolate Nitaf 24 (Fig 2). The second fungal iselaf the sequenced 18S
rRNA gene was identified a&spergillus flavus and had (99%) similarity witlspergillus flavus
strain UOA/HCPF 5774 (Fig 2). The high similaritgtiveen the fungal strains and their closest
phylogenetic relative, indicating that 16S rRNA geequence data are helpful for identification of
fungi. The gene sequence was deposited in GenBatdbase asispergillus ochraceus Egy2
(Accession No. LC360803.1) amgpergillus flavus Egy3 (Accession No. LC368455.1). Data in
Figs (3,4) showed the phylogenetic tree based &nréjion sequences, the relationship between
fungal isolates and other species. The tree wastrembed using the neighbor-joining method.

The results indicated the importance of using mdacmethods such as DNA barcoding systems
(ITS region) for typing newly isolates microorganis Phenotypic and genotypic methods are part
of the first step of identifications and selectiohpotential fungal isolates. These results are in
agreement with Henry et al. (2000) who also usedrtfethod to identifyAspergillus at the species
level and differentiate it from other true pathoigeamd opportunistic molds using the 18S and 28S
rRNA genes for primer binding sites. The contiguousrnal transcribed spacer (ITS) region, ITS
1-5.8S-ITS 2, from referenced strains and clinicalates of Aspergilli and other fungi, were
amplified, sequenced, and compared with non-referestrain sequences in GenBank. ITS
amplicons fromAspergillus species ranged in size from 565 to 613 bp .
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Fig 2. Polymerase chain reaction-amplification of 18S ARgEne; Lane M: Gene Ruler DNA Ladder 100
bp, Lane 1: 18S rRNA gene fragment of isolagpergillus ochraceus, Lane 2: 18S rRNA gene fragment of

isolate Aspergillus flavus. DNA molecular weight marker Band sizes: 100, 28@0), 400, 500, 600 and 700
bp
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Table 8. The nucleotide sequence of two fungal isolates

Strain Aligned Sequence Data

CGCGGCGCGCCCCCCCCCCGCCCCCCCGATTCACCCATTTATACCTCCA
AACACCCCTTGACCCAAAAAATGCGCGCCTTTGTTCCGGGGGGGTGCGC
GCGCTCAACTTTCCTTTCCTTAAGGGGAAACCCTGCGGAAGGATCATTA
CTGAGTGAGGGTCCCTCGGGGCCCCAAACCTCCCCACCCCGTGGTATAC
CGTACCTTGTTGCTTCGGGCGAGCCCCGCCCCCTTTTTTCTTTTAGGGGG
CACAGCGCTCGCCGGAGACACCAACGTGAACACTGTCTGAAGTTTTGTC
GTCTGAGTCGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCT
CTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAATTAATGT
GAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCACC
CCCTGGTATTCCGGGGGGTATGCCTGTCCGAGCGTCATTGCTGCCCTCA
AGCACGGCTTGTGTGTTGGGTCGTCGTCCCCCCCCAGGGGGACGGGCLCC
GAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTT
GTCACCCGCTCTTGTAGCCCGGCCGGCTGCTGGCCGACGCTGAAAAGCA
ACCAACTATTTTCCAGGGGACCTCGGATCAGGTAGGATACCCGCTGAAT
TAGG

Aspergillus ochraceus

GTGTAACCTGCAGCATGATTCATTACCGAGTGGTAGGGTTCCTTAGCGA
GCCCAACCCTCCCCACCCCGTGTTTACTGTACTTTAATTGCTTCGGCGGG
CCCCGCCCATTCATGGCCGCCCGGGGGTTTCAGCLCLCCGGGLLCceaGeaeC
CCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGTTGA
TTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGC
ATCGATGAAGAACGCAGCGAAATGCGATAACTAGTGTGAATTGCAGAA
TTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCC
GGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTG
TGTGTTGGGTCGTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAG
CGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTGTCACCCGCTC
TGTAGGCCCGGCCGGCGCTTGCCGAACGCAAATCAACTTTCCAGGTTGA
CCTCGGATCAGGTAGGGAACCCGTGATTAGG

Aspergillus flavus

3.5. Molecular differentiation of isolated fungi using I SSR technique

Inter Simple Sequence Repeat (ISSR) represent genemion between microsatellite loci.
Sequences amplified by ISSR-PCR can be used famitia species. Inter-simple sequence
repeat-PCR is a simple, not expensive, robust,ifimaiis marker system which has been used in
examines genetic variability among fungal pathogPnisners depend on a sequence repeat and the
resultant PCR reaction amplifies the sequence dmtviwo SSRs, yielding a multilocus marker
system useful for fingerprinting, diversity anal/sand genome mapping (Chadha and
Gopalakrishna, 2007).

In this study, ISSR PCR technique was used to felieagenetic diversity among different fungal
isolates in order to search the genetic diversgtyvben these isolates. Out of fifty ISSR primers,
sixteen primers produced storable and reprodubdaheling patterns. Sixteen primers produced 388
band positions (loci) and out of these loci, 376 lamplified were polymorphic. Majority of the
primers which produced polymorphic bands had beAnoGAG repeats followed by AC or CA
repeats. Among the primers used, UBC-842 [(GA)8 Y@duced most number of loci .

A total of 165 full bands were scored from the dfigad products with the ten inter-Simple
Sequence Repeat (ISSR) primer, 116 bands were pghnic, 41 unique bands with average range
size 143-1939 bp (Table, 9). All primers generat88% polymorphism except primers ISSR-14
and ISSR-15 which generated 77, and79% respectiVidlg obtained results revealed that the
primers ISSR-1, ISSR-3 have amplified the maximumber of bands 21-23 respectively. On the
other hand primers, ISSR-8 and ISSR-14 have araglifiie lowest humber of bands 13 (Fig 5).
These results indicated that the primers ISSR-118&R-3 are the most repeated sequences in
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these fungal isolates than other primers. One ther dvand, the forty-one unique bands that were
detected among the total bands could be consideremharker-assisted selection. The maximum
numbers of unique bands were amplified by prim&@RS3 which recorded 11 bands, whereas the
lowest number of unique bands was amplified by IRSEESR-8, ISSR-14, and ISSR-15.

These results showed that ISSR primers are rolfistmative maker and would be a better tool
for genetic divergence and phylogenetic studiegs€ldata were used to create a similarity matrix
for the construction of dendrograms by means offR&MA method. Mahmoud et al. (2016) used
ISSR markers to analyze the genetic diversity oA3favus isolates from five agricultural crops
and air, suggested that ISSR biotechnology is &hhigseful tool for characterizing genetic
diversity of A. flavus isolated from different sources. ITS species idieation is nowadays
performed by traditional techniques combined witbleoular markers, resulting in a higher
performance of isolate characterization. In thes@né study, internal transcribed spacer, inter-
simple sequence repeats (ISSR), molecular marker® wsed, with the aim of genetically
characterizing strains dfspergillus species.

Table 9. The ISSR primer names and specific character ®RI&nalysis

No Name of Monomorphic polymorphic Number Total Polymorphism MW Mean of
primer bands* bands** of bands (%) range frequency
unique (bp)
bands
1 ISSR-1 0 16 5 21 100 214-1939 0.4
2 ISSR-2 0 17 2 19 100 323-997 0.5
3 ISSR-3 0 12 11 23 100 143-1730 0.4
4 ISSR-4 2 9 6 17 88 182-1338 0.5
5 ISSR-8 0 11 2 13 100 227-958 0.5
6 ISSR-11 0 11 3 14 100 145-1365 0.4
7 ISSR-12 0 9 5 14 100 182-1577 0.5
8 ISSR-13 0 14 3 17 100 197-1815 0.4
9 ISSR-14 3 8 2 13 77 278-1434 0.6
1C ISSF-15 3 9 2 14 79 905-171¢ 0.€
Total 8 116 41 165 94.4

The similarity matrix between isolated fungi rewehlthat isolate®\. parasiticus and A. niger
showed 59% similarity (Table 10). Results also stabwthat bothA. terreus and A. niger had a
similarity of 56%, followed byA. flavus and A. niger showing a similarity of 54%. Similarly,
Yugander et al. (2015) used ISSR markers to exaitinegenetic variability of 24 strains of
Aspergillus species isolated from paddy. Recently, Adss e(24117) used RAPD and ISSR to
differentiate between 7 isolates Af solani and their pathogenic capability. The resultant PCR
reaction amplifies the sequence between two SSBIling a multilocus marker system useful for
finger printing, diversity analysis and genome maggChadha and Gopalakrishna, 2007).

Table 10. Similarity matrix of isolated fungi based on IS&Ralysis

Matrix
Isolates 1 2 3 4 5
A flavus 1
A. parasiticus 45 1
A.Terreus 44 47 1
A.niger 54 5¢ 56 48 1
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Fig 5. ISSR profile for five isolates of Aspergillus sz Lane 1Aspergillus flavus;, Lane 2:Aspergillus
parasiticus; Lane 3:Aspergillusterreus; Lane 4:Aspergillus ochraceus, Lane 5: Aspergillus niger.

3.6. Cluster analyses

Dendrogame was constructed using UPGMA clusteryanalto reveal the genetic relationships
among five fungal isolates. Fig (6) showed four anajlusters, the first group included flavus
isolate; the second group contairfederreus isolate; the third group included A. parasiticas A.
niger isolates; the fourth group contain@dochraceus isolate. Similar observations were reported
by Abdulateef et al. (2014) who used ISSR-PCR baselnology to document genetic diversity
among some local Iraqi isolates through the detaation of the abilityA. flavus isolates to
produce aflatoxin B
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Fig 6. Dendrogram showing the relationships between tsdldungi based on ISSR analysis. Isolate 1:
Aspergillus flavus; Isolate 2:Aspergillus parasiticus; Isolate 3:Aspergillus terreus; Isolate 4:Aspergillus
ochraceus; Isolate 5:Aspergillus niger

4, Conclusion

These results recorded that the antimicrobial sgtof bacterial isolaténterococcus faecalis was
higher tharEnterococcus faecium isolate against most of microbial strains undadsgtconcluded
that these isolated bacteria can be applied a$ floald preservation. The present study indicated
that ISSR is a suitable and effective tool to eatdigenetic diversity amomspergillus genera.
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