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Abstract. Changa Manga forest is a man-made forest in Pakistan. The soil properties of this forest serve  

an ideal habitat for a vast variety of entomopathogenic fungi. A number of entomopathogenic fungi were 

isolated from the soil samples collected from the Changa Manga Forest using Galleria bait method during 

this investigation. Among these isolated fungi, Aspergillus pakistanicus was found to be morphologically 

and phylogenetically different from closely related Aspergillus species thus described as a new species. 

The fungal species was identified on the basis of colony morphology; light microscopy; scanning electron 

microscopy and by molecular analysis. Macroscopic and microscopic comparison with other species of 

the respective genus along with sequencing of 18S rRNA genes confirmed its uniqueness and supports its 

recognition as a novel species. Its angular ornamented conidia and separate clade in the phylogenetic tree 

support it as a new taxa. A detailed description, microscopic images, and comparison with 

morphologically and phylogenetically similar species are presented. 
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Introduction 

Fertile soil of forests and agricultural lands provide natural habitats for the 

entomopathogenic fungi. Soil type and geographical location are important contributory 

factors to mark out the occurence of these fungi (Meyling and Eilenberg, 2007). 

Terrestrial planes of Punjab, Pakistan support a rich diversity of soil born 

entomopathogenic fungi (Wakil et al., 2014). Changa Manga forest is situated in the 

district of Kasur near Lahore, Pakistan with the total area of 5063 ha. According to 

WWF classification it is located in the Indomalaya ecozone. The fertile soil of the 

Changa Manga forest supports many plant species. The pH (7.7 to 8.0) and other 

properties of the soil in the Changa Manga forest provide ideal habitat for soil 

associated entomopathogenic fungi. The Changa Manga forest is the home of many 

mammals, birds, reptiles, amphibians and insects. Common floral biota comprise of 

Morus alba, Dalbergia sissoo, Acacia nilotica, Populus and Eucalyptus species 

(Ahmad, 2017). 

For the recovery of entomopathogenic fungi, Tenebrio molitor or Galleria mellonella 

are usually added to soil samples as insect bait (Ali-Shtayeh et al., 2003; Abrar et al., 

2019). Entomopathogenic fungi presents a broad array of ecologically, morphologically 
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and phylogenetically diverse fungal species belonging to Ascomycetes and Zygomycetes 

(Araujo and Hughes, 2016). Aspergillus species are widespread in the environment. 

Species of genus Aspergillus belong to the group having many important functions in 

natural ecosystems and also proved to be beneficial for human economy. These fungi are 

usually found associated with the plant litter and soil of many terrestrial habitats (Bennett, 

2010). The genus Aspergillus with diverse group of species can adapt to a broad range of 

environmental conditions including humidity and temperature (Cray et al., 2013). Asexual 

conidia produced by Aspergillus species are stress tolerant and also produce highly 

persistent sexual ascospores for reproduction supporting widespread distribution of these 

species (Krijgsheld et al., 2013). A number of species of Aspergillus are strong pathogens 

of insects and used as biocontrol agents against many insect vectors (Nnakumusana, 

1985; Lage-de-Moraes et al., 2001; Yang et al., 2015; Zhang et al., 2015; Bawin et al., 

2016; Kaur et al., 2019). During the present study a new entomopathogenic Aspergillus 

species has been isolated from the Changa Manga forest of Pakistan. 

Materials and methods 

Fungal isolation 

The local strains of entomopathogenic fungi were isolated from the soil of the Changa 

Manga Forest, Pakistan located 80 km south west of Lahore at 31°05′N 73°58′E in the 

district of Kasur (Fig. 1). The isolation was carried out after the moon soon period in 

September-October, 2017. The isolation of fungi was done by employing insect bait 

method (Meyling and Eilenberg, 2006). Forth instars of Galleria Mellonella were used as 

bait insects. PDA media was used for the mass culturing of the local fungal isolates at 

25 °C for seven days to obtain fungal colonies on plates (Abreu et al., 2003). 

 

 

Figure 1. Map showing sampling site Changa Manga forest, Kausar, Pakistan. (Source: 

www.googleearth.com accessed on 13-06-2017) 

 

 

Macroscopic and microscopic examination 

The fungi were identified on the basis of colony morphology, vegetative and 

reproductive structures using taxonomic key (Klich, 2002; Bennet, 2010; Varga et al., 

2011; Afzal et al., 2013). Morphological characteristics studied for the identification of 
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species were color and shape of the fungal colony, margins and growth rate. 

Microscopic characteristics were studied under 100X magnification of Nikon E-200 

Trinocular Microscope equipped with DS-Fi 1-L2 camera system (Japan). The 

characteristics regarding hyphae, vesicle, metula, phalides, conidiophore and conidia 

were observed. 

 

Scanning electron microscopic examination 

The SEM technique was carried out at the Electron Microscope Unit of the Central 

Research Laboratory, LCWU, Lahore by using standard protocol. Spores 

ornamentations were photographed. 

 

Molecular and phylogenetic analyses 

Molecular analysis was done to confirm the identification of isolated 

entomopathogenic fungi. DNA was extracted by following the method described by 

Devarajan and Kim (2018) and specific PCR assays were carried by employing primers 

NS1 5’ (GTA GTC ATA TGC TTG TCT C) 3’ and NS8 5’ (TCC GCA GGT TCA CCT 

ACG GA) 3’ (Embley et al., 1992). Ultra Clean PCR Clean-up DNA Purification kit 

(MoBio, USA) was used to clean the specific PCR products. The PCR purified products 

were directly sequenced for 18S rRNA region by the company Macrogen (Seoul, Korea). 

Consensus sequence was subjected to BLAST analysis at NCBI. Sequences which 

showed maximum similarity were retrieved from the GenBank and aligned by Muscle 

Alignment Tool (Edgar, 2004). Phylogenetic analysis was carried out with maximum 

likelihood criterion using MEGA5 software following algorithm and Jukes and Cantor 

(1969) model of the sequences evolution (Tamura et al., 2011) and 1000 bootstrap 

values. The sequence was deposited in GenBank. 

Results 

Holotype 

Aspergillus pakistanicus Abrar, Mughal & Sarwar sp. nov. (Fig. 2) MycoBank No.: 

MB 830877. 

Pakistan, Punjab Province: Lahore District, Changa Manga Forest, 24 September 

2017, AA100717; GenBank MK371711. 

 

Description 

Colony: dark green with yellow undersurface; Colony reverse: mustered brown; 

Texture: powdery; Margins: entire: Growth rate: rapid; Hyphae: branched septate; 

Conidiophore: smooth, 100-250 µm in length, 4-5 µm in diameter; Conidial head: 

compact and densely columnar; Conidia: irregular to angular, spiny, about 3 µm in 

diameter; Vesicles: globose to hemispherical, biseriate; Metula: long ampuliform; 

Phialides: long ampuliform; Thermo tolerant species with optimal growth temperature 

30-40 °C. 

 

Key features 

Colony color dark green with yellow undersurface, long ampuliform metula and 

phalides, angular and spiny conidia. 
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Figure 2. (A-C) Aspergillus pakistanicus. (A) Macroscopic features of colony; (B) Microscopic 

features by LM showing vesicle, conidia, conidiophore, phalides, metula and hyphae. (C) SEM 

micrograph of conidia highlighting their shape, ornamentation and size. Bars for A & B = 1.5 

cm, for C = 2 µm 

 

 

Etymology 

It was based on locality as it was isolated from a forest of Pakistan. 

 

Distribution 

It was found in the soil of the Changa Manga forest, Kasur District, Punjab Province, 

Pakistan. 

 

Material examined 

Aspergillus pakistanicus Abrar, Mughal & Sarwar: Pakistan, forest soil of Changa 

Manga, 24 September 2017, AA100717; GenBank MK371711. 
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Molecular phylogeny 

During BLAST analysis sequences showed maximum similarity (less than cut off 

97% value) with related species of genus Aspergillus. Phylogenetic analyses were based 

on data set of 31 sequences including the sequences from Pakistan. MUSCLE alignment 

tool was used to align all sequences. After editing and trimming, phylogenetic analysis 

was done by MEGA5 using maximum likelihood criterion. There were 1787 characters 

in final data set including 1022 conserved, 702 variable and 616 parsimony informative 

sites. In the resulting consensus phylogram, the sequence generated during this study 

form separate clade showing distinct identity (Fig. 3). 

 

 GQ338836 Aspergillus niger

 KJ809565 Aspergillus fumigatus

 GU226429 Aspergillus awamori

 KF922319 Aspergillus awamori

 AB008397 Aspergillus cervinus

 AB008401Aspergillus fumigatus

 EU278604 Aspergillus carbonarius

 AB008407 Aspergillus restrictus

 NG063391 Aspergillus glaucus

 AB008398 Aspergillus clavatus

 KF175513 Aspergillus sojae

 AB008404 Aspergillus nomius

 GU953210 Aspergillus flavus

 AF516140 Aspergillus tamarii

 D63696 Aspergillus flavus

 HM064501 Aspergillus oryzae

 MK371711 Aspergillus pakistanicus

 EF652425 Aspergillus puniceus

 EF652478 Aspergillus tabacinus

 KJ775544 Aspergillus templicola 

 EF652050 Aspergillus pseudoglauc

 KJ775543 Aspergillus sloanii

 EF652053 Aspergillus glaucus

 EF652066 Aspergillus ruber

 JN853798 Aspergillus tanneri

 EU076302 Aspergillus tritici

 EF669594 Aspergillus candidus

 KJ775572.1 Aspergillus taichunge

 KJ775573 Aspergillus taichungens

 EF669609 Aspergillus candidus

 KJ775554 Aspergillus subalbidus

 

Figure 3. Phylogenetic position of Aspergillus pakistanicus with other Aspergillus spp. Tree 

inferred by maximum likelihood analysis. The numbers against branches indicate the 

percentage (>50%) at which a given branch was supported in 1000 bootstrap replications. 

GenBank accession number are given at the end of species names. ● indicates species reported 

from Pakistan 
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Discussion 

The present research was based on the morphological and molecular identification of 

entomopathogenic fungus belonging to the genus Aspergillus. The species was isolated 

from the Changa Manga Forest, Pakistan. Identification of many Aspergillus species 

remain challenging because of the variability in phenotypic characteristics of 

genetically distinct species (Samson et al., 2006). In recent years, with the help of 

phylogenetic analyses, various new species belonging to the genus Aspergillus have 

been identified (Guinea et al., 2015).  

A number of Aspergillus species were isolated during the present study including 

Aspergillus terreus, Aspergillus parasiticus, Aspergillus niger, Aspergillus oryzae and a 

novel Aspergillus species (Fig. 4). Morphological characteristics of various 

entomopathogenic Aspergillus species isolated during the study were observed on PDA 

media (Table 1).  

 
Table 1. Macroscopic and microscopic characteristics of entomopathogenic Aspergillus 

species isolated from the Changa Manga forest, Pakistan. 

Fungal isolate Macroscopic morphology Microscopic morphology 

Aspergillus 

parasiticus 

Colony color dark green, growth 

moderate to rapid, margins entire, 

texture powdery 

Hyphae branched septate, conidiophore 

short, 400 to 500 µm in length, vesicles 

small averaging 30 µm in size to which the 

phialides are directly attached and conidia 

rough thick walls and spherical in shape 

Aspergillus terreus 

Colony brownish in color when 

observed after 3rd day of incubation and 

gets darker like cinnamon-brown 

colony coloration observed after 7-8 

days, growth rapid, margins entire, 

texture velvety 

Hyphae branched septate, conidiophore 

smooth, 100-250 µm in length, 4-6 µm in 

diameter, vesicles globose with cylindrical 

metulae and phialides, conidia globose-

shaped and smooth-walled and about 2 µm 

in diameter 

Aspergillus niger 

Colony starts with pale yellow color 

and gets dark brown to black quickly, 

growth very rapid, margins entire, 

texture powdery 

Hyphae branched septate, conidiophore 

unbranched, double walled and smooth, 

200 to 400 µm in length, 7 to 10 µm in 

diameter, vesicles globose, conidial head 

blackish brown, split with age, conidia 

round and 2.5-4 µm in diameter 

Aspergillus oryzae 

Colony color grayish green to olive 

green, growth moderate to rapid, 

margins entire, texture velvety 

Hyphae branched septate, conidiophore 

smooth, 400 to 700 µm in length, 22 to 25 

µm in diameter, vesicles globose with short 

metulae and elongated cylindrical phialides, 

conidia with smooth walls and about 4 to 6 

µm in diameter 

Aspergillus 

pakistanicus 

Colony light yellow in color initially 

and then dark green with light yellow 

undersurface, margins entire; growth 

rate rapid; texture powdery 

Hyphae branched septate; conidiophore 

smooth, 100-250 µm in length, 4-5 µm in 

diameter; conidial head compact and 

densely columnar; conidia irregular to 

angular, spiny, about 3 µm in diameter; 

vesicles globose to hemispherical, biseriate; 

metula long ampuliform; phialides long 

ampuliform 
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Fungal isolate Colony morphology Microscopic image 

Aspergillus parasiticus 

  

Aspergillus terreus 

  

Aspergillus niger 

  

Aspergillus oryzae 

  

Aspergillus pakistanicus 

  

Figure 4. Colony morphology on PDA and microscopic images of entomopathogenic 

Aspergillus species isolated form Changa Manga forest, Pakistan 

 

 

Detailed morphological analyses of the new species revealed that A. pakistanicus 

closely resembles A. oryzae but have some distinguished macroscopic and microscopic 

characteristics. Specifically, A. pakistanicus have dark green colony colour due to 
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pigmentation of the vegetative mycelium with light yellow undersurface and powdery 

texture while A. sojae have white to grayish green to olive green colony colour with 

velvety texture as reported in many studies (Matsuura and Miyazima,1993; Haack et al., 

2006; Ye et al., 2014). Both A. pakistanicus and A. oryzae have biseriate vesicle and 

produce asexual conidia that are also known as phialidic conidia found at the end of 

conidiophores. Conidia of A. oryzae have smooth surface (Haack et al., 2006) while the 

new species have rough surfaced angular conidia. Genetically A. pakistanicus matches 

closely with A. oryzae but less matching value than standard BLAST (less than 97% 

identity) and well differentiated position in phylogenetic tree showed this species as 

new. 

Conclusion 

Entomopathogenic Aspergillus pakistanicus is regarded as novel species, based on 

the morphological characteristics and genetic distinction with well differentiated 

position in the phylogenetic tree reported during the present investigation. Further 

studies can be conducted to evaluate the entomopathogenic efficacy of Aspergillus 

pakistanicus against insects to explore its insecticidal potential. 
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