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ABSTRACT 11 

 12 

This work was carried out to evaluatethe fungalcontamination of chicken meat products 13 
sold in local markets as well as identification of some isolated moulds using PCR 14 

technique.Foridentification of the isolated moulds,samples were subjected to 15 
mycologicalexaminationusing themorphological (macroscopic and 16 

microscopic)characterization.Molecular identification using (ITS) was carried out for 17 
isolatedAspergillus and Penicillium species. The average total mould counts in the 18 

examined samples ofchickenluncheon, chicken pane and chicken minced meat were 3.1 x 19 
102 ± 0.82 x 102, 7.4 x 102 ± 5.4 x 102 and 1.7 x 102 ± 0.16 x 102cfu/gm, respectively. In the 20 

examined samples, 9mould genera were identified. The identified mould genera 21 
wereAspergillus, Eurotium,Penicillium,Geotrichum,Fusarium,Cladosporium, Mucor, 22 

Eupencillium and Acremonium species. The isolated species ofAspergillus parasiticus and 23 
Penicillium purpurogenumwere subjected to PCR identification, and were sequenced in 24 

bothdirections. Sequences were analysed and aligned by Clustal method using the program 25 
of DNAstar (Laser-gene, Wisconsin, USA). 26 

Keywords: A. parasiticus, chicken meat, PCR, sequences,P.purpurogenum. 27 

 28 

INTRODUCTION 29 

 30 

 Poultry meat industry started in Egypt in the mid 1960 with a competitive advantage 31 

over other meat industries. Meat is a perishable food item because it contains all the 32 

nutrients required for microorganisms to grow, and its pH (5.5–6.5) is not inhibitory to 33 

most microorganisms. The extensive fabrication, handling and distribution of raw and 34 

processed meat further increases exposure to microbial contamination. Some of the 35 

principal contamination sources encountered during processing are the slaughtering and 36 

evisceration processes(Barbut, 2002).Poultry meat productsmay be contaminated from raw 37 
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materials, workers, equipments, feathers, feet, faeces and skin if GMP (Good 38 

Manufacturing Practice) not applied(Barbut, 2002).In addition to processing procedures as 39 

scalding, evisceration, and cooling. However, mould and yeasts are of great importance in 40 

spoilage of poultry meat products resulting in different changes in flavor, color, texture and 41 

odor and also these fungi responsible for major portion of food deterioration especially in 42 

poor developing countries. This may be attributed to lake of hygienic measure and the use 43 

ofcontaminated additive and spices which considered a major important sources of mould 44 

contamination (Abd El-Rahman, 1987). 45 

Polymerase chain reaction (PCR) is a technique widely used in fungal research. One 46 

of its advantages, is the ability to amplify very small amounts of DNA, in the picograms 47 

range, even in the presence of diverse contaminants. In spite of this, most of the extraction 48 

protocols of fungal DNA are designed for the obtaining of microgram amounts of highly 49 

purefied DNA, requiring the establishment of relatively large fungal cultures and long 50 

extraction procedures. These protocols are needlessly complicated for PCR experiments. 51 

On the other hand, some authors have pointed out the feasibility of using single spores (1) 52 

or boiled mycelium (2) as a source of DNA in PCR experiments. This is advantageous for 53 

detection purposes, but when working with hundreds of strains in population studies, 54 

obtaining the material from the culture plate can becumbersome and favor 55 

contaminationsCenis (1992). 56 

Therefore, the present study was planned out to throw a light on thetotal mould 57 

counts of chicken meat products (pane, minced meat and luncheon), as well as 58 

differentiation and species identification of contaminating fungi isolated from these 59 

products using PCR technique. 60 

 61 
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 62 

MATERIALS AND METHODS 63 

 64 

Collection of samples  65 

A total of hundred and eighty (180) samples of processed chicken products (60 66 

samples of each chicken pane, chicken luncheon and chicken minced meat) were collected 67 

from shops and supermarkets. These samples were obtained and preserved in an ice box, 68 

until transferred to the laboratory under complete aseptic conditions examined as rapidly as 69 

possible. 70 

Fungal isolation and identification 71 

Total fungal count was carried out according to the techniques recommended by 72 

ISO (217-1-2:2008).Fungi were isolated and identified according to macroscopical and 73 

microscopical characteristics as described by Pitt and Hocking (2009).  74 

DNA extraction and PCR amplification  75 

Genomic DNA of the strains was obtained using the genomic DNA Extraction Kit 76 

(Gene JET Genomic DNA purification Kit Thermo scientific, Lithuania) following the 77 

manufacturer’s instructions. DNA concentration was determined spectrophotometrically at 78 

260/230 nm. The PCR primers used for identification of Aspergillus and Penicillium spp are 79 

listed in (Table 1). The PCR reaction was performed in an Gradient Thermal cycler (1000 S 80 

Thermal cycler Bio-RAD USA).The reaction mixture (total volume of 50 µl) was 25 µl 81 

Dream green PCR Mix (DreamTaq Green PCR Master Mix (2X) Fermentas Company, cat., 82 

No.K1080, USA.), 5 µl target DNA, 2 µl of each primers (containing 10 p mole/ µl) and the 83 

mixture was completed by sterile D. W. to 50 µl . 84 

 85 
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Table (1): General primer used in PCR reactions for the identification of Aspergillus and 86 

Penicilliumspecies. 87 

 88 

 89 

Primer Primer Design Amplicon Size 

Forward 

ITS1 

ITS1 

5´- TCCGTAGGTGAACCTGCGG-3´. 550 bp 

Reverse 

ITS4 

5´- -TCCTCCGCTTTATTGATATG3´. 

 90 

PCR master Mix: 91 

DreamTaq Green PCR Master Mix (2X) Fermentas Company, cat., No.K1080, USA.) 92 

PCR amplification conditionsfor all strains was: 4 min initial step at 94°C followed by 35 93 

cycles at 94 °C for 1 min, 56 °C for 1 min and 72°C for 1 min and a final extension step at 94 

72 °C for 10 min. Amplification products were electrophoresed in agarose gels (1.5 % w/v) 95 

(Sigma, USA), which was used for running of DNA. Stained with Ethidium bromide using 96 

GeneRuler 100bp DNA Ladder: Fermentas Company, Cat.No.SM0243, US. 97 

DNA fragment purification Kit: The amplified DNA fragments were purified using Gene 98 

JET PCR purification kit (USA) and were sequenced by Chromogen Company, Germany. 99 

The two strains were sequenced in both directions. Sequences were analysed and aligned by 100 

Clustal method using the program DNAstar (Laser-gene, Wisconsin, USA). 101 

RESULTS AND DISCUSSION 102 

Moulds only compete with bacteria on meat when storage temperatures are lowered 103 

to 00C or below, or when the meat surface dries to an aw that enables fungi to compete.In 104 

earlier literature, spoilage of chilled or frozen meat by fungi was usually attributed to 105 

Mucorales, especially Thamnidiumelegansand Mucorspecies, which grew as ‘‘whiskers’’ 106 

on cold stored meat Pitt and Hocking (2009).Michener and Elliott (1964) cited several 107 
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reports on bacteria and fungi growing on meats at –50C, with yeasts and 108 

mouldspredominating as temperatures were further lowered, to a limit at about –109 

120C.Schmidt-Lorenz and Gutschmidt (1969) reported that moulds and yeasts grew on 110 

chickens stored at – 7.5 and –10 ± 0.20C for 1 year. Spoilage of chilled meats in postwar 111 

years has principally been the result of ‘‘black spot’’, traditionally believed to be due to 112 

Cladosporiumherbarum. 113 

The results achieved in figure (1) revealed that the incidence of mould in the 114 

examined chicken meat product samples were 40 (66.67%), 55 (91.7%) and 37 (61.67%) 115 

for chicken luncheon, chicken pane and chicken minced meat, respectively. The results 116 

obtained for chicken luncheon, chicken pane and chicken minced meat are similar to that 117 

recorded by many investigators such asShaltout (2002),Bkheetet al. (2007),and Wadee 118 

(2010) who mentioned that, about 86.6%of chicken luncheon as well as chicken minced 119 

meat samples have mould contamination. While the examined chicken pane samples 120 

revealed mould isolation with an incidence of 93.33%.From the economic point of view, 121 

mould and yeast lead to certain defects that may change the food quality or render it unfit 122 

for human consumption. 123 

The previous results recorded in table (2) showed that the total mould count of the 124 

examined positive chicken luncheon,chicken pane and chicken minced meatranged from 20 125 

to3 x 103 with a mean value of 3.1 x 102 ± 0.82 x 102,5 x 10 to 3.1 x 103 with a mean value 126 

of 7.4 x 102 ± 5.4 x 102 and <10 to 5.1 x 102  with a mean value of 1.7 x 102 ± 0.16 x 102 127 

cfu/g, respectively. Higher figures were reported by El-Gazzar (1995), Shaltout (1996), 128 

Farag (2000) and El-Deebet al. (2011) who reported that the total mould counts in 129 

examinedchicken luncheon, nuggets, and fillets were 7.5x103± 2.4x103, 7.8x103 ± 0.3 x103 130 

and 7.8x103±0.2x103cfu/g, respectively. 131 
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The obtained results revealed that the ready to eat meals as luncheon usually 132 

contaminated with moulds if the moisture content exceed 10% ,mould can grow on the 133 

surface and resist the fall in pH, giving a final pH value of 6.0-6.2. The comminution of 134 

poultry meat greatly increases thesurface area and distribution of the microorganisms 135 

throughout thecreating microenvironment (Saad et al., 1989).While whole poultry 136 

carcasses tend to have a lower microbial count than cut up poultry (Jay, 1978). 137 

Table (3) showed that theincidence ofthe moulds isolated from chicken luncheon, 138 

chicken pane and chicken minced meat samples was as the following: A. niger (10.0%), 139 

(13.3%) and  (15.0%) respectively,A. flavus  (13.3%),  (8.3%) and  (15.0%) respectively.A. 140 

parasiticuswas isolated with an incidence of (1.7%) and (3.3%), from the examined 141 

chicken pane and chicken minced meat samples, respectively, A. ochraceusandA. 142 

terreuswere isolated from chicken pane and chicken minced meat samples and its incidence 143 

was (3.3%) and (1.7%), (1.7%) and (3.3%) respectively, whileA. candidaswasisolated 144 

fromthe examined chicken luncheon and chicken panewith an incidence of(1.7%) for 145 

each.A. clavatus isolated only from chicken minced meat samples (1.7%). While, the 146 

number and percentage of Penicillium species isolated from the examined chicken 147 

luncheon, chicken pane and chicken minced meat samples were 4 (6.7%), 6 (10 %) and 148 

1(1.7%), respectively for P. corylophilum, while the number and percentage of identified P. 149 

citreonigrum were1(1.7%),2(3.3%) and 1(1.7%), respectively. 150 

 On the other hand such number and percent for the isolatedP. simplicissimum, P. 151 

purpurogenum and P. thomii were 1(1.7%) and 2(3.3%), 2(3.3%) and 1(1.7%), 1(1.7%) 152 

and 2(3.3%) fromchicken luncheon, chicken pane and chicken minced meat samples 153 

respectively. Meanwhile, P. griseofulvum and P. verrucosum could be identified from only 154 

the examined chicken pane sample with number and percentage of 1(1.7%). 155 
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Also , results given in table (3) showed that Geotrichum species, Fusarium species 156 

,Mucor species, Eupencillium species and Acremonium species could be isolated from10 157 

(16.7%) , 2 (3.3%), 3 (5.0%),4 (6.7%) and 1(1.7%) of Chicken luncheon ,respectively. 158 

Geotrichum species, Fusarium species, Cladosporium species, Mucor species and 159 

Eupencillium species could be isolated from 3 (5.0%), 4(6.7%), 1(1.7%), 2 (3.3%) and 5 160 

(8.3%) of examined chicken pane samples, respectively. Geotrichum species, Mucor 161 

species, Eupencillium species and Acremonium species could be isolated from 7(11.7%), 162 

3(5.0%), 5 (8.3%), 3 (5.0%) and 4(6.7%), of examined chicken minced meat samples such 163 

mould genera could be isolated by Shaltout (2002),Altalhi and Albashan, (2004) Hussein 164 

(2008) Hassan et al. (2012) and El-Diastyet al. (2013). 165 

Aspergillus flavus and A. niger caused lung disease when they grow and produce 166 

spores in the lungs. They were opportunistic and invade wounds, cornea and external ear in 167 

immuno-suppressed patients, it could cause pneumonia Jacquelum 168 

(1999).P.purpurogenum considered as an important fungi as it secretes rubratoxins, a 169 

mycotoxins, which originally suggested as a main reason of mouldy corn toxicosis, or 170 

haemorrhagic anaemia in chickens (Burnside et al., 1957; Forgacs et al., 1958 and Pitt 171 

and Hocking, 2009).Penicilliumpurpurogenum was isolated from cases of people with 172 

pneumonia, ear infections, keratitis, endocarditis, peritonitis, and urinary tract infections 173 

(Johanninget al., 1999). 174 

Aspergillusparasiticus is one of the main sources of aflatoxins, the most important 175 

mycotoxins in the world’s food supplies. Aflatoxins are produced in nature by A. 176 

parasiticus, A. flavus and a number of other species, including A. nomius, which are of little 177 

practical importance in foods (Pitt and Hocking, 2009). The important differences in 178 

mycotoxins production between A.parasiticus and A. flavus are that A. parasiticus produces 179 
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G as well as B aflatoxins, whileA. parasiticus isolates often produce aflatoxins in much 180 

higher concentrations (Pitt, 1993)also,non-toxigenicA. parasiticus strains are rare. 181 

Aflatoxins are both acutely and chronically toxic to both animals and human and may be 182 

responsible for greatly increasing susceptibility to many kinds of disease agents incountries 183 

where aflatoxin ingestion is common(Wogan, 1992; Wang and Groopman, 1999; Williams 184 

et al., 2004).They have long been known to produce four distinct effects: acute liver 185 

damage, liver cirrhosis, induction of tumors and teratogenic effects (Stoloff, 1977). 186 

However more recent information indicates that the consequences of prolonged aflatoxin 187 

exposure are more widespread, including immune-suppression and interference with 188 

protein uptake (Williams et al., 2004).  189 

Different concepts have been used by mycologist to define the fungal diversity; one 190 

of them is the morphological study, which is the classic approach where units are defined 191 

on the basis of morphological characteristics and ideally by the differences among 192 

them.This type of study is not sufficient for diversity study whereas the genetic diversity on 193 

the basis of molecular marker defeat differences among organism on the basis of size 194 

ofamplified DNA, which not influence by environmental factor. Variations (mutations) on 195 

nucleotides can’t be studied by morphological markers while the molecular marker may 196 

overcome such type of problem.Therefore molecular marker reveal characterization is very 197 

effective for microbial species characterization. 198 

. Twoof the isolated mouldsfrom chicken meat products were identified on 199 

morphological basis in present investigation (one isolate of A. parasiticusand one isolate 200 

ofP. purpurogenum)were randomly selected for further confirmation via cloning and 201 

sequencing the ITS (Internal transcribed region) of the DNA. These regions (ITS) contain 202 

most conserved sequence at the terminal region and also contain the hypervariable 203 
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sequences distinguishing between species. Therefore, they have been considered as the best 204 

tool for the identification of the fungi. The use of ITS region as compared with other 205 

molecular probes is advantageous due to many reasons including increased sensitivity 206 

because of existence of more than 100 copies per genome (Mirhadiet al., 2007). 207 

Conclusions 208 

It can be concluded that chicken meat products are highly contaminated with various 209 

types of moulds as a result of spore concentration in poultry meat products as improper 210 

processing and negligence. Also, the data suggested that contamination may be due to 211 

inadequate refrigeration and absence of sanitation conditions which are the principal causes 212 

of higher levels of moulds contamination and increased species diversity. Poultry meat 213 

products especially ready to eat as luncheon, must be adequately fried before eating for at 214 

least 10 minutes at 80 ºC in home. Application of Food Safety Management System ISO 215 

22000 with HACCP to poultry industry, particularly for poultry meat products should be 216 

applied to prevent or minimize all hazards including moulds, yeasts and 217 

mycotoxins.Molecular methods (PCR method), is a practical,the most sensitive, and least 218 

time-consuming method, as well as, it is considered as the most authentic way for microbial 219 

identification and have become the most common tool for the identification of fungi in food 220 

samples where genus Aspergillus and Pencilliumare the most dominant mycotoxin 221 

producing strains isolated from poultry meat products in our studies. 222 
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 336 

 337 الملخص العربي

 338 دراسة علي التلوث الفطري  لبعض منتجات لحوم الدواجن مع الاشارة الي استخدام

 339 تفاعل البلمرة المتسلسل للتعرف علي الفطريات 
 340 
 341 

 342الفطريلكة  مةن لتلوث وتقييمةااستهدفتهذهالدراسة تقييممدي تلوث منتجات لحوم الدواجن المتداولةة فةي اوسةوا  

 343 ونشةةةةةةةةةةةةةةةةةوة الةةةةةةةةةةةةةةةةةدجات و الاانيةةةةةةةةةةةةةةةةةة ولحةةةةةةةةةةةةةةةةةوم الةةةةةةةةةةةةةةةةةدجات المفةةةةةةةةةةةةةةةةةروم وت ةةةةةةةةةةةةةةةةةني  الفطريةةةةةةةةةةةةةةةةةات

 344لانشةةةةةةوة لاة لمسااةللأمراضوالفسادفيهذهالمنتجاتاأستخدامتفاعلالالمرةالمتسلسةةةةةة  م وةةةةةةاة متوسطالعدالكلنللفطرياتاالنسةةةةةةا

 1.7345 و x 102 x 10 7.4 5.4 ±2و  x 102 x 10 3.1 0.82 ±2لتةوالى ا الدجات و الاانية ولحوم الدجات المفرومهوعلى

2± 0.16 x 102 x 10 346 

 347 تمعزلهامنا عفةةةةةةةةةةةةاةى تمعزلوت ةةةةةةةةةةةةني  تسةةةةةةةةةةةةعة نواعمنالعفنما نواعالت م علنالترتيةةةةةةةةةةةة  مسةةةةةةةةةةةةتعمرة  جةةةةةةةةةةةةرام

 348و  يوبنسةةةةيليومشتملتعلنأجناسا سةةةةارجيليور اورتيبرالانسةةةةيليومر الجيةةةةوترويبر الفيةةةةووريبر الكلادسةةةةاوريومر الميكةةةةورر اا

 349وم تمالتعرفعلناعضالعزووتالممرضةوالمسااةللفسادبتلكالعيناتوهنمناوسةةةةةةةةةةةةةةةةارجيليو والانسةةةةةةةةةةةةةةةةيلياووريمةةةةةةةةةةةةةةةةونيب م 

 350م جةةةاهينبةةةاراوتكو والانسةةةيليوم بروبةةةرجينب فيكلااوت سةةةارجيليولال  وانالتسلسةةة . بأستخدامتفاعلالالمرةالمتسلسةةة 

 351 يه(يسكونسنرالووياتالمتحدةا مريكليزرالجيناترو) تمتحليلالتسلسلعنطريقاستخدامارنامج الحمضالنووينجمة

. 352 

  353 
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 354 

 355 

Figure (1): Incidence of moulds in examined chicken meat products 356 

 357 
Table (1): Total mouldcounts (CFU/g) of chicken meat processed products: 358 

Products Min. Max.  Mean ± SE. 

 

Chicken luncheon 

20 3 x 103 3.1 x 102 ± 0.82x 102  

Chicken pane 50 3.1 x 103 7.4 x 102 ± 5.4 x 102 

Chicken minced 

meat 

<10 5.1x 102 1.7 x 102 ± 0.16 x 102 

The total number of examined sample for each product is 60 (N=60). 359 

 360 
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Table (3): Incidence of identified mouldspecies in examined chickenmeat products: 362 

 

Mould genera 

 

Chicken luncheon 

 

Chicken pane 

 

Chicken minced 

meat 

 

No. % No. % No. % 

Aspergillus species 

A. flavus 

A. parasiticus 

A.niger 

A. ochraceus 

A. terreus 

A. clavatus 

A .candidas 

Eurotium species 

E. chevalieri 

E. repens 

Pencillium species 

P.corylophilum 

P.griseofulvum 

P.citreonigrum 

P. brevicompactum 

P.simplicissimum 

P.purpurogenum 

P.thomii 

P. verrucosum 

Geotrichum 

speciesFusarium species 

Cladosporium species 

Mucor species 

Eupencillium species 

Acremonium specie 

 

8 

0 

6 

0 

0 

0 

1 

 

1 

0 

 

4 

0 

1 

0 

1 

0 

2 

0 

10 

2 

0 

3 

4 

1 

 

13.3 

0 

10.0 

0 

0 

0 

1.7 

 

1.7 

0 

 

6.7 

0 

1.7 

0 

1.7 

0 

3.3 

0 

16.7 

3.3 

0 

5.0 

6.7 

1.7 

 

5 

1 

8 

2 

1 

0 

1 

 

2 

1 

 

6 

1 

2 

0 

2 

2 

1 

1 

3 

4 

1 

2 

5 

0 

 

8.3 

1.7 

13.3 

3.3 

1.7 

0 

1.7 

 

3.3 

1.7 

 

10.0 

1.7 

3.3 

0 

3.3 

3.3 

1.7 

1.7 

5.0 

6.7 

1.7 

3.3 

8.3 

0 

 

9 

2 

9 

1 

2 

1 

0 

 

0 

0 

 

1 

0 

1 

1 

0 

1 

0 

0 

7 

0 

3 

5 

3 

4 

 

15.0 

3.3 

15.0 

1.7 

3.3 

1.7 

0 

 

0 

0 

 

1.7 

0 

1.7 

1.7 

0 

1.7 

0 

0 

11.7 

0 

5.0 

8.3 

5.0 

6.7 

The % was calculated according tothe total number of examined sample (N=60 for each 363 

product) 364 

 365 
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 366 

Photo (1): Agarose gel electrophoresis ofAspergillusspp. DNA (PCR)resulting from PCR 367 

amplification, single PCR performed with genomic DNA,Lane 1: 100bp DNA ladder, Lane 368 
2:  Control Positive, Lane3: Control Negative and Lane 4: sample 369 

 370 

 371 

Photo (2): Agarose gel electrophoresis ofPenicillin spp. DNA (PCR)resulting from PCR 372 

amplification, single PCR performed with genomic DNA,Lane 1: 100bp DNA ladder, Lane 373 
2:  Control Positive, Lane3: Control Negative and Lane 4: sample 374 

 375 

 376 

 377 

 378 

 379 

 380 
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Primer sequence of A.parasiticus and Penicilliumpurpurogenum 381 

A.parasiticusForward primer sequence 382 
GATCTCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCC383 
TGTCCGAGCGTCATTGCTGCCCATCAAGCACGGCTTGTGGGTTGGGCCGCCGTC384 

CCCTCTCCGGGGGGGACGGGCCCCAAAGACAACGGCGANCCGCGTCCGATCCT385 
CGAGCGTATGGGATTTGTCACCCGCTCTGCCCCCCGGCCGGCGCTTGCCGAACG386 

CAAAACAACCATTTTTTCCAGGTGACCTCTCATCAGGTAGGGATACCCGTTGAA387 
TTTAACTATATCCTAATCGAAGCA 388 

 389 

A.parasiticusReverse primer sequence 390 

TGTTTTGCGTTCGGCAAGCGCCGGCCGGGCCTACAGAGCGGGTGACAAAGCCC391 
CATACGCTCGAGGATCGGACGCGGTGCCGCCGCTGCCTTTGGGGCCCGTCCCCC392 

CCGGAGAGGGGACGACGACCCAACACACAAGCCGTGCTTGATGGGCAGCAAT393 
GACGCTCGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTCA394 

AAGACTCGATGATTCACGGAATTCTGCAATTCACACTAGTTATCGCATTTCGCT395 
GCGTTCTTCATCGATGCC 396 

PenicilliumpurpurogenumForward primer sequence 397 

GTCTTCTGAGTGCGAGACCCTCGCGGGTCCACCTCCCACCCGTGTCTCTTGAAT398 

ACCCTGTTGCTTTGGCGGGCCCACCGGGTCGCCCCGGTCGCCGGGGGGCACTG399 
CGCCCCCGGGCCTGCGCCCGCCAGAGCGCTCTGTGAACCCTAATGAAGATGGG400 

CTGTCTGAGTGTGATTTTGAATTATCAAAACTTTCAACAATGGATCTCTTGGTTC401 
CGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAAT402 

TCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGG403 
GCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCGCGGCTTGTGTGTTGGGTG404 

TGGTCCCCCCGGTGTTGGGGGGACCTGCCCGAAAGGCAGCGGCGACGTCCCGT405 
CTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGGGAGGGGCCTGCGGG406 

CGTTGGCCACCCACGATATTTTTTTACCGTTGACCTCGGATCAGGTAGGAGTTA407 
CCCGCTGAACTTAAGCATATCAAAAGTGGGGGAGAGAAAATTAT 408 

 409 

PenicilliumpurpurogenumReverse primer sequence 410 
 411 
AGATTTCGGGGTACTTCCTACCTGATCCGAGGTCAACGGTAAAAAAATATCGT412 

GGGTGGCCAACGCCCGCAGGCCCCTCCCGAGCGGGTGACAAAGCCCCATACGC413 
TCGAGGTCCTAGACGGGACGTCGCCGCTGCCTTTCGGGCAGGTCCCCCCAACA414 

CCGGGGGGACCACACCCAACACACAAGCCGCGCTTGAGGGCAGAAATGACGC415 
TCGGACAGGCATGCCCCCCGGAATGCCAGGGGGCGCAATGTGCGTTCAAAGAT416 

TCGATGATTCACGGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTC417 
TTCATCGATGCCGGAACCAAGAGATCCATTGTTGAAAGTTTTGATAATTCAAAA418 

TCACACTCAGACAGCCCATCTTCATTAGGGTTCACAGAGCGCTCTGGCGGGCGC419 
AGGCCCGGGGGCGCAGTGCCCCCCGGCGACCGGGGCGACCCGGTGGGCCCGCC420 

AAAGCAACAGGGTATTCAAGAGACACGGGTGGGAGGTTGGACCCGCGAGGGG421 
TCCGCACTCAGTAATGATCCTTCCGCAGCACCCCCTTCAGGGAAAAG 422 

 423 
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 424 
 425 

Fig. (2): Phylogenetic tree of A.parasiticus 426 
 427 

 428 
 429 
 430 

Fig. (3):Sequences producing significant alignments with Accession in Genbank 431 
 432 

 433 
 434 
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 435 

 436 
 437 
Fig. (4): Nucleotide Sequence pair distances of PenicilliumpurpurogenumITS2 sequences 438 

 439 

 440 
Fig. (5): Nucleotide Phylogenetic tree of Pen-EME-EG-1 with some reference 441 
Penicilliumpurpurogenum ITS2 sequences 442 

 443 

 444 

 445 
 446 

 447 
 448 

 449 
 450 

 451 
 452 

 453 
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 454 
Fig. (6): Aspergillusparasiticus strain A-3352 18S ribosomal RNA gene, partial sequence; 455 

internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, 456 
complete sequence; and 28S ribosomal RNA gene, partial sequence 457 

Sequence ID: gb|JQ316518.1|Length: 596Number of Matches: 1 458 
Query 2    ATC-TCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG  60 459 
            ||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||| 460 
Sbjct 310 ATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG  369 461 
 462 
Query 61AGCGTCATTGCTGCCCATCAAGCACGGCTTGTGGGTTGGGCCGCCGTCCCCTCTCCGGGG  120 463 
            ||||||||||||||||||||||||||||||||| |||||| || |||||||||||||||| 464 
Sbjct370 AGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCTCTCCGGGG  429 465 
 466 
Query  121  GGGACGGGCCCCAAAGACAACGGCG-ANCCGCGTCCGATCCTCGAGCGTATGGGA-TTTG  178 467 
            |||||||||||||||| || |||||   ||||||||||||||||||||||||||  |||| 468 
Sbjct  430  GGGACGGGCCCCAAAGGCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTG  489 469 
 470 
Query  179  TCACCCGCTCTGCCC-CCCGGCCGGCGCTTGCCGAACGCAAAACAACCATTTTTTCCAGG  237 471 
            ||||||||||||    |||||||||||||||||||||||||||||||||||||||||||| 472 
Sbjct  490  TCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAAACAACCATTTTTTCCAGG  549 473 
 474 
Query  238  -TGACCTCTCATCAGGTAGGGATACCCGTTGAATTTAACTATATC  281 475 
             |||||||  |||||||||||||||||| |||| ||||  ||||| 476 
Sbjct  550  TTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATC  594 477 
 478 

Reverse Aspergillus 479 

Aspergillusparasiticus isolate 1 12B 18S ribosomal RNA gene, partial sequence; internal 480 

transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete 481 
sequence; and 28S ribosomal RNA gene, partial sequence 482 
Query  15   TGTTTTGCGTTCGGCAAGCGCCGGCCGGGCCTACAGAGCGGGTGACAAAGCCCCATACGC  74 483 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 484 
Sbjct  514  TGTTTTGCGTTCGGCAAGCGCCGGCCGGGCCTACAGAGCGGGTGACAAAGCCCCATACGC  455 485 
Query  75TCGAGGATCGGACGCGGTGCCGCCGCTGCCTTTGGGGCCCGTcccccccGGAGAGGGGAC  134 486 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 487 
Sbjct  454  TCGAGGATCGGACGCGGTGCCGCCGCTGCCTTTGGGGCCCGTCCCCCCCGGAGAGGGGAC  395 488 
Query  135  GACGACCCAACACACAAGCCGTGCTTGATGGGCAGCAATGACGCTCGGACAGGCATGCCC  194 489 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 490 
Sbjct  394  GACGACCCAACACACAAGCCGTGCTTGATGGGCAGCAATGACGCTCGGACAGGCATGCCC  335 491 
Query  195  CCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGACTCGATGATTCACGGAATTCTGCA  254 492 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 493 
Sbjct  334  CCCGGAATACCAGGGGGCGCAATGTGCGTTCAAAGACTCGATGATTCACGGAATTCTGCA  275 494 
Query  255  ATTCACACTAGTTATCGCATTTCGCTGCGTTCTTCATCGATGCC  298 495 
           |||||||||||||||||||||||||||||||||||||||||||| 496 
Sbjct  274  ATTCACACTAGTTATCGCATTTCGCTGCGTTCTTCATCGATGCC  231 497 
 498 

 499 

 500 
 501 

 502 
 503 

  504 

http://www.ncbi.nlm.nih.gov/nucleotide/373431872?report=genbank&log$=nuclalign&blast_rank=2&RID=U02ZYF1201R
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Fig. (7):Penicilliumpurpurogenum strain FRR 1061 18S ribosomal RNA gene, partial 505 
sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed 506 
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence ,Sequence 507 

ID: gb|AY373926.1|Length: 620Number of Matches: 1Related InformationRange 1: 31 to 603GenBankGraphicsNext 508 

            ||||||||| || ||||||||||||| ||||||||||||||||||||||||||||||||| 509 
Sbjct  31   CTGAGTGCG-GACCCCTCGCGGGTCCAACCTCCCACCCGTGTCTCTTGAATACCCTGTTG  89 510 
 511 
Query  64   CTTTGGCGGGCCCACCGGGTCGCCCCGGTCGCCGGGGGGCACTGCGCCCCCGGGCCTGCG  123 512 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 513 
Sbjct  90   CTTTGGCGGGCCCACCGGGTCGCCCCGGTCGCCGGGGGGCACTGCGCCCCCGGGCCTGCG 149 514 
 515 
Query  124  CCCGCCAGAGCGCTCTGTGAACCCTAATGAAGATGGGCTGTCTGAGTGTGATTTTGAATT 183 516 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 517 
Sbjct  150  CCCGCCAGAGCGCTCTGTGAACCCTAATGAAGATGGGCTGTCTGAGTGTGATTTTGAATT 209 518 
 519 
Query  184  ATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATG 243 520 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 521 
Sbjct  210  ATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATG 269 522 
 523 
Query  244  CGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCG 303 524 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 525 
Sbjct  270  CGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCG 329 526 
 527 
Query  304  CCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCGCGGCT  363            528 
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 529 
Sbjct  330  CCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCGCGGCT 389 530 
 531 
Query  364  TGTGTGTTGGGTGTGGTCCCCCCGGTGTTGGGGGGACCTGCCCGAAAGGCAGCGGCGACG 423 532 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 533 
Sbjct  390  TGTGTGTTGGGTGTGGTCCCCCCGGTGTTGGGGGGACCTGCCCGAAAGGCAGCGGCGACG 449 534 
 535 
Query  424  TCCCGTCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGGGAGGGGCCTGCGGGC 483 536 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 537 
Sbjct  450  TCCCGTCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGGGAGGGGCCTGCGGGC 509 538 
 539 
Query  484  GTTGGCCACCCACGATAtttttttACCGTTGACCTCGGATCAGGTAGGAGTTACCCGCTG543 540 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 541 
Sbjct  510  GTTGGCCACCCACGATATTTTTTTACCGTTGACCTCGGATCAGGTAGGAGTTACCCGCTG 569 542 
 543 
Query  544  AACTTAAGCATATCAA-AAGTGGGGGAGA-GAAA  575 544 
            |||||||||||||||| ||| || ||| | |||| 545 
Sbjct  570  AACTTAAGCATATCAATAAGCGGAGGAAAAGAAA  603 546 

 547 
 548 
 549 
 550 
 551 
 552 
 553 
 554 
 555 
 556 
 557 
 558 
 559 
 560 

  561 

http://www.ncbi.nlm.nih.gov/nucleotide/34809406?report=genbank&log$=nuclalign&blast_rank=4&RID=U05GTX6J015
http://www.ncbi.nlm.nih.gov/nucleotide/34809406?report=genbank&log$=nuclalign&blast_rank=4&RID=U05GTX6J015&from=31&to=603
http://www.ncbi.nlm.nih.gov/nucleotide/34809406?report=genbank&log$=nuclalign&blast_rank=4&RID=U05GTX6J015&from=31&to=603
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DownloadGenBankGraphicsNextPreviousDescriptions 562 
Penicilliumpurpurogenum strain CASMB-SEF 7 18S ribosomal RNA gene, partial 563 
sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal 564 
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial 565 
sequence 566 
Sequence ID: gb|JQ663996.1|Length: 585Number of Matches: 1 567 

Related Information 568 
Range 1: 19 to 577GenBankGraphicsNext MatchPrevious Match 569 
Query  6    CTGAGTGCGAGA-CCCTCGCGGGTCC-ACCTCCCACCCGTGTCTCTTGAATACCCTGTTG  63 570 
            ||||||||| || ||||||||||||| ||||||||||||||||||||||||||||||||| 571 
Sbjct  19   CTGAGTGCG-GACCCCTCGCGGGTCCAACCTCCCACCCGTGTCTCTTGAATACCCTGTTG  77 572 
 573 
Query  64   CTTTGGCGGGCCCACCGGGTCGCCCCGGTCGCCGGGGGGCACTGCGCCCCCGGGCCTGCG  123 574 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 575 
Sbjct  78   CTTTGGCGGGCCCACCGGGTCGCCCCGGTCGCCGGGGGGCACTGCGCCCCCGGGCCTGCG  137 576 
 577 
Query  124  CCCGCCAGAGCGCTCTGTGAACCCTAATGAAGATGGGCTGTCTGAGTGTGATTTTGAATT  183 578 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 579 
Sbjct  138  CCCGCCAGAGCGCTCTGTGAACCCTAATGAAGATGGGCTGTCTGAGTGTGATTTTGAATT  197 580 
 581 
Query  184  ATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATG  243 582 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 583 
Sbjct  198  ATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATG  257 584 
 585 
Query  244  CGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCG  303 586 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 587 
Sbjct  258  CGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCG  317 588 
 589 
Query  304  CCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCGCGGCT  363 590 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 591 
Sbjct  318  CCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCGCGGCT  377 592 
 593 
Query  364  TGTGTGTTGGGTGTGGTCCCCCCGGTGTTGGGGGGACCTGCCCGAAAGGCAGCGGCGACG  423 594 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 595 
Sbjct  378  TGTGTGTTGGGTGTGGTCCCCCCGGTGTTGGGGGGACCTGCCCGAAAGGCAGCGGCGACG  437 596 
 597 
Query  424  TCCCGTCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGGGAGGGGCCTGCGGGC  483 598 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 599 
Sbjct  438  TCCCGTCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGGGAGGGGCCTGCGGGC  497 600 
 601 
Query  484  GTTGGCCACCCACGATAtttttttACCGTTGACCTCGGATCAGGTAGGAGTTACCCGCTG  543 602 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 603 
Sbjct  498  GTTGGCCACCCACGATATTTTTTTACCGTTGACCTCGGATCAGGTAGGAGTTACCCGCTG  557 604 
 605 
Query  544  AACTTAAGCATATCAA-AAG  562 606 
            |||||||||||||||| ||| 607 
Sbjct  558  AACTTAAGCATATCAATAAG  577 608 

 609 

 610 

 611 

 612 

 613 

 614 

http://blast.ncbi.nlm.nih.gov/Blast.cgi#dlgDwnl_381216942
http://blast.ncbi.nlm.nih.gov/Blast.cgi#dlgDwnl_381216942
http://www.ncbi.nlm.nih.gov/nuccore/381216942?report=graph&rid=U05GTX6J015%5b381216942%5d&tracks=%5bkey:sequence_track,name:Sequence,display_name:Sequence,id:STD1,category:Sequence,annots:Sequence,ShowLabel:true%5d%5bkey:gene_model_track,CDSProductFeats:false%5d%5bkey:alignment_track,name:other%20alignments,annots:NG%20Alignments|Refseq%20Alignments|Gnomon%20Alignments|Unnamed,shown:false%5d&v=0:604&appname=ncbiblast&link_loc=fromSubj
http://blast.ncbi.nlm.nih.gov/Blast.cgi#dtr_381216942
http://www.ncbi.nlm.nih.gov/nucleotide/381216942?report=genbank&log$=nuclalign&blast_rank=5&RID=U05GTX6J015
http://www.ncbi.nlm.nih.gov/nucleotide/381216942?report=genbank&log$=nuclalign&blast_rank=5&RID=U05GTX6J015&from=19&to=577
http://www.ncbi.nlm.nih.gov/nucleotide/381216942?report=genbank&log$=nuclalign&blast_rank=5&RID=U05GTX6J015&from=19&to=577

