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Morpho-molecular analyses for taxonomic characterization of nine predominant Penicillium species present in the soil of different parts of India.

Fifteen Penicillium isolates were isolated from 
the soil samples collected from the experimental field of ICAR-
Indian Agricultural Research Institute (IARI), New Delhi. Another 
twenty-six isolates were procured from Indian Type Culture 
Collection (ITCC), Division of Plant Pathology, ICAR-IARI,New 
Delhi which were isolated from the soil of different parts of India. 
Total 41 isolates were characterized following distinct 
macroscopic (colony texture, colony colour exudate production; 
soluble pigmentation; reverse coloration and mycelial growth) 
and microscopic observations (type of penicillus; shape of 
phialides; conidial shape, size and pigmentation). Molecular 
characterization was done using partial β-tubulin gene 
sequence which is considered an excellent marker in 
differentiating Penicillium species.

The morphological data in species description 
perfectly matched with molecular data generated using β-tubulin 
gene marker and nine different species viz., P. aethiopicum, P. 
chrysogenum, P.  crustosum, P.  janth inel lum, P.  
mononematosum, P. oxalicum, P. polonicum, P. singorense and  
Talaromyces pinophilus (Syn.  P. pinophilum) were confirmed.

Above nine Penicillium species are found 
predominantly in the soil collected from different parts of India. 
The β-tubulin gene can be considered as an excellent marker to 
differentiate Penicillium species as confirmed from this study. 
The combined morpho- molecular analyses can be further 
utilized to delineate morphologically similar Penicillium species and also helpful to establish new species of Penicillium.  
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were screened for the presence of Penicillium fungus through 
serial dilution method. Fifteen isolates were identified as 
Penicillium from the collected soil samples based on the 
macroscopic examination (colony colour, exudate of soluble 
pigment, reverse coloration, mycelial growth and colony 
texture) and microscopic observations (type and shape of 
penicillus; shape of phialides; conidial shape, size and 
pigmentation) (Pitt, 1979; Visagie et al., 2014) (Table 1). 

Twenty-six more isolates were procured from Indian Type 
Culture Collection (ITCC), Plant Pathology Division, ICAR-IARI, 
New Delhi (Table 1) which were collected from the soil of different 
parts of India. The morphological characters of all isolates were 
recorded in 7-days-old cultures on Czapek Yeast Autolysate agar 
(CYA). Further, the isolates were subjected to microscopic 
examination by prepared slides. The prepared slides were 
observed under 10X, 40X and 100 X magnifications. 
Observations on phialide branching pattern, size and shape of 
phialides and spores were recorded by Olympus Microscope 
(BX51) with image analyses software (Progres 2.7 version, 
Jenoptik, USA). Ten random observations were recorded while 
measuring the spore characteristics of different isolates.

DNA extraction, PCR and sequencing: Genomic DNA of all 41 
isolates was isolated using CTAB (Cetyltrimethyl Ammonium 
Bromide) method (Culling, 1992). PCR was performed using β-
tubul in  genes spec i f ic  forward Bt2a pr imer  (5 ' -
GGTAACCAAATCGGTGCTGCTTTC-3') and reverse Bt2b 
primer (5'-ACCCTCAGTGTAGTGACCCTTGGC-3') (Glass and 
Donaldson, 1995). Total 25 µl reaction mixture were conducted in 
0.2ml PCR tubes measuring 1µl of each forward and reverse 
primers, 12.5 µl of Dream TaqThermo Scientific master mixture 
(2X) (containing Taq DNA polymerase, buffer, dNTP’s, MgCl  and 2

loading dye), 1µl (100ng) of DNA template and remaining 9.5 µl 
added sterile nuclease free double distil water to make the final 
volume. Thermocycler was programmed as follows initial heating 

oat 94oC for 5 min, 35 cycles of denaturation at 94 C for 1min, 
o oannealing at 61 C for 1min, extension at 72 C for 2 min and final 

oextension at 72 C for 5 min. Electrophoresis of the amplified 
(550bp) PCR products separated and visualized on agarose gel 
(1.2%) using intercalating agent ethidium bromide. Purification of 
distinct bands and sequencing of all the samples were performed 
through Eurofins Scientific, Bangalore.

Sequence alignment and phylogenetic analysis: All the 41 
sequences were subjected to alignment using algorithm clustalW 
of MEGA 6.0 (http://www.megasoftware.net) software 
(Thompson et al., 1994). To analyze the phylogenetic relationship 
among taxa unaligned sequence of β-tubulin gene was removed 
from both the end borders. These conserved sequences were 
evaluated using NCBI BLAST (http://blast.ncbi.nlm.nih.gov) and 
CBS-KNAW database to identify all 41 isolates. To construct a 
phylogenetic tree, the maximum parsimony (MP) algorithm was 
adopted in MEGA6.0. One thousand bootstrap values were 
evaluated for parsimonious tree.

Introduction

The genus Penicillium is an ascomycetous fungus that 
belongs to family Trichomaceae. The name Penicillium is derived 
from its reproductive structure called penicillus, which means 
“little brush” (Link, 1809). The shape of penicillus may be 
monoverticillate, biverticillate, terverticillate or quarterverticillate. 
It contains fertile hyphae, rami, stripes, metulae, ramuli, phialides 
and conidia. Phialides shapes are ampulliform (flask-shaped) 
and acerose (cylindrical) with long and short collula. The conidia 
of Penicillium are ornamented, pigmented, green or blue in colour 
and variable in shape and size. Morphological characters (radial 
growth and colony characters) on specific media are essential for 
identification of fungal species. Malt Extract agar (MEA) and 
Czapek Yeast Autolysate agar (CYA) are considered as two 
standard media recommended for the excellent growth of 
Penicillium and morphological characterization.Species concept 
describes not only according to the morphological and genetic 
similarity of a species but also their interbreeding within the 
populations. In Penicillium, the species concept was first 
described by Thom (1954) for systematically standardizing 
different morphological characters to delineate species and later, 
was further emphasized by Pitt (1979) and Okuda et al. (2000). 
Due to large number of species, the genus Penicillium is further 
divided into different subgenera viz., Furcatum, Biverticilllium, 
Aspergilloides and Penicillium and further into sections and 
series. Although the genus Penicillium is well known, however, 
their identification is still problematic due to overlapping of macro- 
and micro-morphological characters. Many workers have 
suggested the challenge to resolve closely related Penicillium 
species based on morphological characters alone (Banke et al., 
1997; Frisvad and Samson, 2004; Henk and Fisher, 2011). Thus, 
alternative methods are essential for accurate identification of 
species of this genus. Most of the names mentioned in the research 
papers are invalid names due to misidentification, giving a false 
impression regarding species identification (Visagie et al., 2014).

So there is a need to find an alternative method for 
accurate identification of Penicillium species. Various molecular 
markers have been used to characterize Penicillium at species 
level for precise identification. Recently, few workers have 
reported phylogenetic analysis using single gene sequences of 
different Penicillium species using ribosomal genes and protein-
coding genes (Samson et al., 2014; Wang et al., 2017; Su and 
Niu, 2018; Varriale et al., 2018). However, the molecular 
characters should be integrated with morphological characters as 
an integrated approach for authentic identification of Penicillium 
species. Therefore, for species delineation, this study was carried 
out for morphological and molecular characterization of 
Penicillium species from Indian soils.

Materials and Methods

Morphological examination of Penicillium isolates: The soil 
samples were collected from the experimental field of ICAR-
Indian Agricultural Research Institute (IARI), New Delhi and 
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mononematosum, P. oxalicum, P. polonicum, P. singorense and 
Talaromyces pinophilus (Syn. Penicillium pinophilum) (Table1, 
Fig. 1). In this study, seventeen isolates viz., ITCC 2410, ITCC 
3211, ITCC 4254, ITCC 4482, S1, S2, S3, S9, S11, S12, S13, 
S16, S18, S19, S20, S21 and S22 were identified as P. athiopicim, 
seven isolates viz., S7, ITCC 1601, ITCC 1495, ITCC 2168, ITCC 
3122, ITCC 5080 and ITCC 5082 as P. chrysogenum, six isolates 
viz., ITCC 5235, ITCC 5285, ITCC 5287, ITCC 5292, ITCC 5298 
and ITCC 6171 as P. polonicum, five isolates viz., ITCC 3146, 
ITCC 3212, ITCC 4276, ITCC 5251 and ITCC 6755 as P. 
mononematosum, two isolates ITCC 6093 and S15 as 

Results and Discussion

A total of forty-one isolates were examined for characters 
associated with macro-and micro-morphology on CYA media. 
The dissimilarities of key phenotypic characteristics were taken 
into consideration for discrimination of all the isolates. For species 
determination of Penicillium reported taxonomical keys were 
adopted. Based on the similarities and dissimilarities of crucial 
cultural and phenotypic parameters, the isolates were grouped 
into nine different species of Penicillium viz., P. aethiopicum, P. 
chrysogenum,  P.  c rus tosum,  P.  jan th ine l lum ,  P.  

Table1: List of S series isolates of Penicillium, their ITCC and gene bank accession numbers

Isolates/ITCC no. Penicillium species Location β tubulin
(Accession number)

S1(8077) P. aethiopicum New Delhi MT681750
S2 (8078) P. aethiopicum New Delhi MH766361
S3 (8079) P. aethiopicum New Delhi MH766362
S9 (8080) P. aethiopicum New Delhi MH766363
S11 (8081) P. aethiopicum New Delhi MH766364
S12 (8082) P. aethiopicum New Delhi MH766365
S13 (8083) P. aethiopicum New Delhi MH766366
S16 (8084) P. aethiopicum New Delhi MH766367
S18 (8085) P. aethiopicum New Delhi MH766368
S19 (8086) P. aethiopicum New Delhi MH766369
S20 (8087) P. aethiopicum New Delhi MH766370
S21 (8088) P. aethiopicum New Delhi MH766371
S22 (8089) P. aethiopicum New Delhi MH766372
2410 P. aethiopicum Nainital,  Uttarakhand MH699755
3211 P. aethiopicum Darjeeling, West Bengal KY271163
4254 P. aethiopicum Karnal,  Haryana MH699773
4482 P. aethiopicum Jammu, Jammu & Kashmir MH699768
S7 (8090) P. chrysogenum New Delhi MH766376
1495 P. chrysogenum West Bengal MH699774
1601 P. chrysogenum New Delhi MH699767
2168 P. chrysogenum Assam MH699779
3122 P. chrysogenum New Delhi MH699759
5080 P. chrysogenum Hyderabad,  Telangana MH699775
5082 P. chrysogenum Hyderabad,  Telangana MH699776
4255 P. crustosum Karnal,  Haryana MH699778
5297 P. janthinellum New Delhi MH699765
3146 P. mononematosum Burdwan, West Bengal MH699761
3212 P. mononematosum Lucknow, Uttar Pradesh MH699777
4276 P. mononematosum Jammu, Jammu & Kashmir KY271156
5251 P. mononematosum Chaphra, Bihar MH699763
6755 P. mononematosum New Delhi KY271162
6374 P. oxalicum Roorkee, Uttarakhand MH699770
5235 P. polonicum Abohar,  Punjab MH699771
5285 P. polonicum Calcutta, West Bengal MH699760
5287 P. polonicum Almora, Uttarakhand MH699769
5292 P. polonicum Srinagar,  Jammu & Kashmir MH699762
5298 P. polonicum New Delhi MH699766
6171 P. polonicum Sriganganagar,  Rajasthan MH699772
4603 P. singorense Gwalior,  Madhya Pradesh KY271164
S15 (8091) Talaromyces pinophilus New Delhi MH790890
6093 Talaromyces pinophilus Madurai, Tamil Nadu KY271165
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Talaromyces pinophilus and one isolate each ITCC 4255, 
ITCC5297, ITCC 6374 and ITCC 4603 as P. crustosum, P. 
janthinellum, P. oxalicum and P. singorense, respectively.

Further, molecular confirmation the 550bp amplified PCR 
products of the β-tubulin gene were sequenced and each 
generated sequences were analyzed with GenBank database 
through Blast analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

All the sequences showed 99-100% similarity with NCBI voucher 
accession of different Penicillium species. The morphological data 
in species description is perfectly matched with the molecular data 
generated using β-tubulin gene marker. These β-tubulin gene 
sequences of Penicillium species were deposited in NCBI, and 
their accession numbers were obtained (Tables 1).  Maximum 
parsimony (MP) based phylogenetic tree was constructed from 
generated DNA sequences of β-tubulin gene from all 41 isolates 

Fig. 1: Morphological description: a, b- Colonies on CYA; c- phialides on 100X; d- spore on 100X; A- P. aethiopicum; B- P. chrysogenum; C-P. crustosum; 
D-P. janthinellum; E-P. mononematosum; F-P. oxalicum; G-P. polonicum; H- P. singorense and I-Talaromyces pinophilus.
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showed relatively close Penicillium species which were difficult to 
separate in different cluster based on single gene phylogeny. 
Therefore, these closely related species of Penicillium viz., P. 
polonicum, P. crustosum, P. singorense and P. janthinellum were 
confirmed by matching the molecular identification based on NCBI 
Blast and available morphological district characters. Penicillium 
is an anamorph genus that currently contains 483 accepted 

(Fig. 2). The tree exhibited seven clusters and each cluster 
distinctly separated from each other, and P. aethiopicum, P. 
mononematosum, P. chrysogenum, Talaromyces pinophilus and 
P. oxalicum exhibited as distinctly separated clusters as Cluster I, 
Cluster II, Cluster III, Cluster VI and Cluster VII respectively 
whereas P. polonicum and P. crustosum were found within Cluster 
IV, similarly P. singorense and P. janthinellum in Cluster IV and V 

Fig. 2: Maximum parsimonious phylogenetic tree based on β-tubulin gene of different Penicillium isolates segregating into nine Penicillium species.

Cluster I

Cluster II

Cluster III

Cluster IV

Cluster V

Cluster VI

Cluster VII
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species. Previously, Penicillium taxonomy was based only on 
morphology, where incorrect identification was probably due to 
overlapping characters of different species (Houbreken et al., 
2020), therefore, the molecular phylogeny based characterization 
have started using ribosomal genes and protein-coding genes 
sequences of several Penicillium species. Therefore, an 
integrated approach was used considering both morphology, and 
molecular data was used to establish Penicillium species. Firstly, 
41 isolates were segregated into different Penicillium species 
based on the morphological characters, i.e., conidiophore 
branching pattern and taxonomically important morphological 
characters (colony, margin, and reverse colour; colony texture; 
exudates and soluble pigments production, shape, size and 
texture of conidia, phialide, metulae, rami and stipe). These 
conidiophore branching patterns and other important microscopic 
characters were used by different workers for species delineation 
of genus Penicillium (Frisvad and Samson, 2004). Later all the 41 
isolates were identified through NCBI Blast and phylogenetic 
analysis based on β-tubulin gene. Even though Internal 
transcribed spacer (ITS) region is considered as a universal 
barcode for fungal species differentiation (Visagie et al., 2014a), 
but β-tubulin gene was considered as a putative species-specific 
marker for phylogenetic analysis in genus Penicillium by several 
researchers  (Geiser et al., 1998; Barbosa et al., 2018; Mincuzzi et 
al., 2020; Ghuffar et al., 2021). 

All the morphological data in species description perfectly 
matches with molecular data generated using β-tubulin gene 
marker. In phylogenetic analysis, β-tubulin could successfully 
differentiate five Penicillium species in different clusters. Four 
species of Penicillium were clustered in two different clusters. 
This result reveals that the relatively close Penicillium species are 
difficult to separate among themselves by using single-gene 
phylogeny. These species can be differentiated by using multi-
gene phylogenetic analysis. This finding is in line with the 
previous reports of Visagie et al. (2014) and Houbreken et al. 
(2020). In conclusion, nine predominant Penicillium species were 
identified through morpho-molecular approach and it was found 
that P. aethiopicum, P. chrysogenum, P. mononematosum, P. 
polonicum and Talaromyces pinophilus were common in the soil 
of different parts of India. Further, β-tubulin gene proved as a 
good molecular marker to differentiate morphological similar 
closely related Penicillium species. This study shows that 
combined morpho- molecular study can help resolve more 
morphological aberration of different Penicillium species and can 
also be helpful in establishing new species of Penicillium.

Acknowledgment

The authors also acknowledge the Division of Plant 
Pathology, ICAR, IARI, New Delhi for providing all the facilities 
required to carrying out the present study.

Add-on Information

Authors’ contribution: R. Debbarma: Planning and execution of 
Research work; T. Prameeladevi: Facilitation and guidance for 

lab experiments; A. Tyagi: Guidance for molecular experiment 
and analysis; D. Kamil: Mentor. 

Research content: The research content is original and has not 
been published elsewhere.

Ethical approval: Not Applicable

Conflict of interest: The authors declare that there is no conflict 
of interest.

Data from other sources: Not Applicable

Consent to publish: All authors agree to publish the paper in 
Journal of Environmental Biology.

References

Banke, S., J.C. Frisvad and S. Rosendahl: Taxonomy of Penicillium 
chrysogenum and related xerophilic species, based on isozyme 
analysis. Mycol. Res.,101, 617-624 (1997).

Barbosa, R.N., J.D. Bezerra and C.M. Souza-Motta: New Penicillium and 
Talaromyces species from honey, pollen and nests of stingless bees. 
Antonie van Leeuwenhoek J. Microbiol., 111, 1883-1912 (2018).

Culling, K.W.: Design and testing of a plant specific PCR primer for 
ecological evolutionary studies. Mole. Ecol., 1, 233-240 (1992).

Frisvad, J.C and R.A. Samson: Polyphasic taxonomy of Penicillium 
subgenus Penicillium. A guide to identification of food and air-
borne terverticillate Penicillia and their mycotoxins. Stud. Mycol., 
49, 1-174 (2004).

Geiser, D.M., J.I. Pitt and J.W. Taylor: Cryptic speciation and 
recombination in the aflatoxin-producing fungus Aspergillus 
flavus. In: Proceedings of the National Academy of Sciences of the 
United States of America., 95, 388-393 (1998).

Glass, N.L and G.C. Donaldson: Development of primer sets designed 
for use with the PCR to amplify conserved genes from filamentous 
Ascomycetes. App. Environ. Microbiol., 61, 1323-1330 (1995).

Ghuffar, S., I. Gulshan, N. Farah and M.A. Khan: Studies of Penicillium 
species associated with blue mold disease of grapes and 
management through plant essential oils as non-hazardous 
botanical fungicides. Green Proces. Synth., 10, 021-036 (2021).

Henk, D.A and M.C. Fisher: Genetic diversity, recombination and 
divergence in animal associated Penicillium dipodomyis. PLoS 
ONE, 6, e22883. (2011). https://doi.org/10.1371/journal.pone. 
0022883 

Houbraken, J., S.Kocsubé, C.M. Visagie, N. Yilmaz, X.C. Wang, M. Meijer, 
B. Kraak, V. Hubka, K. Bensch, R.A. Samson and J.C. Frisvad: 
Classification of Aspergillus, Penicillium, Talaromyces and related 
genera (Eurotiales): An overview of families, genera, subgenera, 
sections, series and species. Stud. Mycol., 95, 5-169 (2020).

Link, H.F.: Observationes in Ordines plantarum naturales. Dissertatio 
1ma. Magazin der Gesellschaft Naturforschenden Freunde, 3, 3-
42 (1809).

Mincuzzi, A., A. Ippolito, C. Montemurro and S.M. Sanzani: 
Characterization of Penicillium s.s. and Aspergillus sect. nigri 
causing postharvest rots of pomegranate fruit in Southern Italy. Int. 
J. Food Microbiol., 314, 108389 (2020).

Okuda, T., M.A. Klich and K.A. Seifert: Media and incubation effect on 
morphological characteristics of Penicillium and Aspergillus. In: 
Integration of modern taxonomic methods for Penicillium and 



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, September 2021¨

R. Debbarma et al.: Morpho-molecular approach for species delineation of predominant Indian Penicillium 1313

Aspergillus classification (Eds.: R.A. Samson and J.I.Pitt). 
Harwood Academic Publishers, Amsterdam, pp. 83-99 (2000).

Pitt, J.I.: The genus Penicillium and its teleomorphic states Eupenicillium 
and Talaromyces. Academic Press Inc., London. 634 pages (1979).

Samson, R.A., C.M. Visagie, J. Houbraken, S.B. Hong, V. Hubka, C.H. 
Klaassen, G. Perrone, K.A. Seifert, A. Susca, J.B. Tanney, J. 
Varga, S. Kocsubé, G. Szigeti, T. Yaguchi and J.C. Frisvad: 
Phylogeny, identification and nomenclature of the genus 
Aspergillus. Stud. Mycol., 78, 141-173 (2014).

Su, L. and Y.C. Niu: Multilocus phylogenetic analysis of Talaromyces 
species isolated from curcurbit plants in China and description of 
two new species, T. curcurbitiradicus and T. endophyticus. 
Mycologia, 110, 375-386 (2018).

Thom, C.: The evolution of species concepts in Aspergillus and 
Penicillium. Ann. New York Acad. Sci., 60, 24-34 (1954).

Thompson, J.D., D.G. Higgins and T.J. Gibson: CLUSTAL W: Improving 
the sensitivity of progressive multiple sequence alignment through 

sequence weighting, position-specific gap penalties and weight 
matrix choice. Nucl. Acid. Res., 22, 4673-80 (1994).

Varriale, S., J. Houbraken, Z. Granchi, O. Pepe, G. Cerullo, V. Ventorino, 
T. Chin-A-Woeng, M. Meijer, R. Riley, I.V. Grigoriev, B. Henrissat, 
R.P. de Vries and V. Faraco: Talaromyces borbonicus sp. nov., a 
novel fungus from biodegraded Arundodonax with potential 
abilities in lignocellulose conversion. Mycologia,  27, 1-9 (2018).

Visagie, C.M., H. Houbraken and J.C. Frisvad: Identification and 
nomenclature of the genus Penicillium. Stud. Mycol., 78, 343-371 
(2014).

Visagie, C.M., Y. Hirooka, J. Tanney, E. Whitfield, K. Mwange, M. Meijer, 
A.S. Amend, K.A. Seifert and R.A. Samson: Aspergillus, 
Penicillium and Talaromyces isolated from in house dust samples 
collected around the world. Stud. Mycol., 78, 63-139 (2014a).

Wang, X.C., K. Chen and Z.Q. Zeng: Phylogeny and morphological 
analyses of Penicillium section Sclerotiora (Fungi) lead to the 
discovery of five new species. Scie. Rep., 7, 33-82 (2017).


	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113

