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Introduction
According to a report, Pakistan’s rank in citrus production is 10th 

worldwide. Furthermore, enormous economic losses happen all over 
the globe because of post-harvest diseases. According to a survey report 
it was concluded that 40% of all the citrus produced in Pakistan is 
lost in storage because of post-harvest diseases [1] and is commonly 
condensed by fungal pathogens attack [2]. Storage life as well as 
customer acceptability is minimized by the fungal infection during 
storage. Penicillium species are normally originate as contaminants in 
foods while drying and subsequent storage [3]. Identification of genus 
Penicillium is a difficult task because it is a large genus, and many 
common species look alike to the members of this genus. Moreover, 
there is a great variation within the same species which results in the 
inaccurate identification and thus need a comprehensive DNA based 
identification. Among these molecular based tools available, internal 
transcribed spacer ITS [4] and partial β-tublin gene sequences [5,6] 
have been used for identification of the Penicillium species. Penicillium 
italicum is responsible for the cause of blue mold disease in stored citrus 
and causes losses up to 25% in the worldwide production [7,8]. Once 
the fungi grow on citrus it excretes different types of mycotoxins [9]. 
Blue mold is one of the most economically important post-harvest 
diseases in the world. It is caused by Penicillium spp., amongst which P. 
expansum (Link) Thom is dominant. Blue mold decay disease produces 
patulin which is a carcinogenic mycotoxin and is also responsible 
for noteworthy economic losses throughout storage which effect the 
processing of stored fruits [10]. P. expansum contaminates fruit initially 
by means of wounds and these wounds are the caused during harvest 
or by the mishandling during storage process. The pathogen can also 
penetrate through natural openings, i.e., lenticels; stem ends and 
the calyx end [11]. Symptoms appear on the surface of fruit as light 
coloured soft lesions. Softness of the lesions is due to maceration of 
fruit tissues by the excretion of polygalacturonase enzyme which plays a 
noteworthy role in P. expansum virulence [12]. Fingerprinting methods 
generally used for identification purposes include Random Amplified 
Polymorphic DNA (RAPD). Amplified Fragment Length Polymorphic 
fingerprinting (AFLP). Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-RFLP) [13-15], micro arrays 
[16], DNA barcoding [17] and DNA sequencing [18]. Variations on 

PCR identification methods include multiplex PCR assays [19] and 
Real-Time PCR. Fungal identification can be rapidly performed as the 
ITS gene region [20] forms part of the highly conserved 5.8S ribosomal 
DNA. This region is present in most fungal species and commonly used 
primers are readily available.

Material and Methods
Isolation, identification and maintenance of pathogenic fungi 

Different surveys were conducted to a number of fruit and vegetable 
markets (Badami Bagh, Lahore, Fruit and Vegetable market at Allama 
Iqbal Town, Lahore, Fruit and Vegetable market at Baghbanpura, Lahore 
and Fruit and Vegetable market at Ravi Link road, Lahore). Infected 
Apple samples were collected on the basis of their symptomatology 
under post-harvest storage conditions. Infected samples were surface 
sterilised and cut into 1cm small piece and inoculated on petri plates 
with PDA (Potato Dextrose Agar @ 37.0 g/L in distilled water) for 
isolation [21]. The inoculated plates were then incubated at 28°C for 6-7 
days. After microscopy the fungal cultures were maintained on an agar 
slant at 4°C or stored as a few pieces of agar with mycelia in cryo vials 
with 10% glycerol in liquid nitrogen. Moreover, best suited media recipe 
for the growth and sporulation of pathogen was screened by growing 
inoculum on potato dextrose agar (PDA), malt extract agar (MEA) and 
corn meal agar (CMA). Inoculated plates were incubated at 28°C for 
5-7 days.   

Molecular characterization 

Preparation of cultures for DNA isolation: The fungal colony 
was cultured in Potato Dextrose Broth (PDB) for 5-7 days at 28°C. The 
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Figure 1: A survey map showing sampling sites in Lahore, A; Fruit and vegetable market, Badami Bagh, B; Fruit and vegetable market, Allama Iqbal Town, 
C; Fruit and vegetable market, Baghbanpura, D; Fruit and vegetable market, Ravi link road.

A B 
Figure 2: A: Colony morphology of P. biouregianum. B: Microscopy of P. biouregianum at 100x and Penicillium expansum.

B A 

Figure 3: A: Colony morphology of P. expansum. B: Microscopy of P. expansum at 100x and Penicillium digitatum.

A B 

Figure 4: A: Colony morphology of P. digitatum. B: Microscopy of P. digitatum at 100x.
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mycelial mat was harvested by filtering through a Whattsman filter 
paper and washed with sterile distilled water.

Genomic DNA isolation: 50 mg of mycelial mat was scrapped from 
7 days old cultures. Culture mat was ground in pestle and mortar with 
liquid nitrogen.  The powdered tissue was taken into a 1.5 mL micro-
centrifuge tube. 500 μL CTAB buffer was added to the tube containing 
tissue and incubated for 1 h at 65°C. The supernatant was incubated 
with 10 μL RNase A solution (10 mg/mL) at 37°C for 1 h. after adding 
500 μL chloroform and centrifuging at 13000 rpm for 5 min, samples 
were treated with isopropanol followed by washing the pellet with 70% 
ethanol to remove salts and let the pellet dry for 10 minutes. Finally 
pellet was resuspended in 50 μL of distilled H2O for further use.

Polymerase chain reaction amplification (PCR): The 
extracted DNA was subjected to the amplification with thermal 
cycler. PCR performed for the amplification of nuclear rDNA 
region containing the two Internal Transcribed Space r(ITS) 
regions (ITS1 TCCGTAGGTGAACCTGCGG and ITS4 
TCCTCCGCTTATTGATATGC). The 44 μL of PCR master mixture 
containing 5 μL 10x Taq buffer, 5 μL 25 mM MgCl2, 2 μL 2 U/μL Taq 
polymerase enzyme, 5 μL 1 mM dNTPs, 5 μL 10 pmol ITS I, 5 μL 10 
pmol primer ITS II, 17 μL Water H2O was used for each reaction: The 6 
μL DNA template (10 μg/ μL) was added to the master mixture to make 
the final volume of the reaction 50 μL. The PCR reaction involved the 
initial denaturation at 94°C for 10 min followed by 30 cycles in series 
of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and 
extension at 72°C for 1 min each, with a final step  of one cycle at 72°C 
for 10 min to final extension. The amplified products were confirmed 
at 1% agarose gel by using 100 bp DNA markers. The products were 
sequenced and identified on homology basis of their ITS regions, using 
BLAST at NCBI database.

Results and Discussion
Survey and sample collection

Four main fruit and vegetables markets in Lahore were surveyed 
and fruits were collected. Infected fruits were having fungal infection 
on their surface. A detailed map drawn to highlight the different 
collection sites is shown in Figure 1. The present research work was 
focussed mainly on the morphological and molecular identification 
of Penicillia, responsible for the loss of citrus fruits under storage 
conditions. During the survey of different fruit and vegetable markets 
(Figure 1) within Lahore it became evident that fruits are kept for more 
than a year under storage with different treatments so that, fruit supply 
can be ensure during whole year. It was also observed that mishandling 
during storage and improper storage place also contributes a lot 
towards the infection process.

Isolation and identification of pathogenic fungi

Penicillium biouregianum: Colonies were 15-25 mm in diameter, 
sparse, plane, surface texture voluminous to floccose; mycelium 
inconspicuous, margins wide, subsurface. Mycelium became greenish 
grey to greyish green or near globose due to heavy conidiogenesis. 
Reverse of the colony was pale, yellow to umber. Exudates and soluble 
pigment absent. Hyphae were septate and subsurface from which 
conidiophores arise with stipe commonly 200-400 µm in length. Stipe 

Figure 5: Quality of genomic DNA prepared from three different species of 
genus Penicillium. Lane 1 shows λHINDIII ladder.

Figure 6: Dendrogram of obtained sequences has been constructed by using 
MEGA6 Bioinformatics tools containing all the three isolates, sequenced by 
us, model for phylogenetic analysis was Kimura-2-parameter model and tree 
was generated by using maximum likelihood method with bootstrap value 
of 1000.

Serial No. Accession No. Organism
1 KT336316 Penicillium expansum
2 KT336317 P. biouregieanum

Table 1:  NCBI accession numbers assigned to pathogens.
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was smooth walled, it had metulae which were frequently apically 
inflated. Phialides were cylindrical. Conidia smooth walled, ellipsoidal 
to short cylindrical, 3-4 µm in diameter (Figure 2). Colonies were 
15-20 mm in diameter, sparse, plane, with deeply floccose sectors; 
mycelium inconspicuous, margins wide, subsurface. Mycelium 
became greyer dull green due to heavy conidiogenesis. Reverse of 
the colony was pale to yellow. Conidiophores borne from subsurface 
or surface hyphae, with stipe commonly 200-350 µm long. Stipe was 
smooth walled, bearing terminal conidiophore, metulae and phialides 
were present and ampulliform to almost cylindrical. Conidia smooth 
walled, ellipsoidal, 3.0-3.5 × 2.5-3.0 µm (Figure 3). Colonies 35 -70 
mm in diameter, plane, relatively sparse, very deep and floccose with 
an overlay of white mycelium, margins irregular. Mycelium became 
dull green due to moderate conidiogenesis. Reverse of the colony 
was pale or brownish (Figure 4A). Conidiophores borne from surface 
septate hyphae. Stipe was smooth walled, metulae and Phialides were 
ampulliform to cylindrical. Conidia smooth walled, ellipsoidal to 
cylindroidal, 6.0-8.0(-15) × 2.5-5.0-(6.0) µm (Figure 4B). Ivana et al., 
[22] have concluded similar findings during characterization of molds 
from apples under storage. Infected tissues were seen to be macerated. 
Three isolates of the genus Penicillium were identified by their 
morphological characterization. These isolates had variation in their 
colony shape, color, size, and other microscopic traits such as hyphal 
septation, conidia and metulae. Raphael et al., [23] also discussed the 
same macroscopic as well as microscopic features of P. expansum while 
working with the biological control of these two pathogenic fungi 
infecting citrus fruits in Brazil.

Genomic DNA extraction: Genomic DNA was extracted of all 
8 selected Penicillium isolates. Extracted DNA was checked by gel 
electrophoresis under UV light in gel documentation system and 
picture was captured using GRAB IT programme.  For the amplification 
of nuclear rDNA region containing the two Internal Transcribed 
Spacer (ITS) regions (ITS1 and ITS4) and the 5.8S rRNA gene in the 
Penicillium and Aspergillus sp. ITS PCR was performed with primer 
pair ITS1/4 at annealing temperature of 55°C. The length of the ITS 
region alignment used was 330-1500 bp. In this study, Genomic 
DNA was extracted and quantified in the range of 330 to 1500 bp and 
photographed by using GRAB IT programme. Gel Picture shows a good 
quality of extracted DNA. All genomic DNA size was range from 330 
to 1500 bp nucleotides. For the amplification of nuclear rDNA region 
containing the two Internal Transcribed Spacer (ITS) regions (ITS1 
and ITS4) and the 5.8S rRNA gene in the Penicillium. ITS PCR was 
performed with primer pair ITS1/4 at annealing temperature of 55°C. 
The length of the ITS region alignment used was 330-1500 bp (Figures 
5 and 6). These results are in conformity with the findings of White et al.

Phylogenetic identification: Phylogenetic dendograms were 
made by using maximum likelihood method in Mega6 software, on 
the basis of most relevant sequences obtained by blasting my sequence 
on NCBI. Two Penicillia (P. expansum and P. biourgieanum) were 
first time reported from Pakistan, submitted to NCBI with accession 
numbers KT336315 and KT336317 respectively. Phylogenetic analysis 
of the isolated Penicillium has revealed that P. biourgieanum was 
closely related to the isolates of P. biourgieanum (Accession No. 
AY484901) from Peoria, USA isolated and characterized by Peterson, 
2004 and P. digitatum have shown maximum likelihood with P. 
digitatum (Accession No. 724446) from Tamil Nadu, India. Isolated 
and characterised by Kumar, 2013. In the same way P. expansum have 
exhibited maximum homology with P. expansum (Accession No. 
KX243326) from USA, isolated by Yin (Table 1).

Conclusion
In a nutshell it is evident from the above discussion that the 

genus Penicillium some other fungal isolates were also studied 
during isolation. But most abundant were the species of P. italicum, 
P. expansum and P. biouregieanum. These fungal species are actually 
responsible for the green mold, fruit rot, spoilage and other loss of 
citrus fruit in storage conditions. Level of damage to citrus fruit under 
storage conditions due to different fungal isolates was also studied. 
Phylogenetic analysis of dendrogram has shown similarity within the 
same species as well as among different species of genus Penicillium by 
which actual genetic variability among the genus penicillium was seen.
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