Pak. J. Bot., 53(6): 2229-2232, 2021.

DOI: http://dx.doi.org/10.30848/PJB2021-6(4)

CHARACTERIZATION OF SOIL INHABITING FUNGI
MORTIERELLA CAPITATA IN PAKISTAN

NASIR AHMED RAJPUT" *, MUHAMMAD ATIQ', ABDUL MUBEEN LODHI?>, REHANA NAZ SYED?,
AKHTAR HAMEED!, OWAIS IQBAL?*?* AND BABAR KHAN!

'Department of Plant Pathology, University of Agriculture, Faisalabad, Pakistan
“Department of Plant Pathology, Sindh Agriculture University Tandojam, Pakistan
$Department of Plant Pathology, Yunnan Agricultural University, Kunming, Yunnan, China

*Corresponding author's email: nasirrajput81@gmail.com

Abstract

Mortierella capitata was isolated from chilli filed soil by the survey of microbial pathogens in the chilli field from
different places of Hyderabad, Pakistan. M. capitata was identified based on morphological characters and phylogenetic
analysis of the internal transcribed spacer (ITS-1 and ITS-4) sequence results. These results indicated that the species of

Mortierella has not previously been reported from Pakistan

Key words: Chilli filed, ITS sequence, Zygomycota, Hyderabad.

Introduction

During survey of fungal communities, species is a
genus of Mortierella isolated from soil samples collected
in chilli field. Mortierella species are soil inhabiting fungi
belonging to the order Mortierellales within the division
of Zygomycota. First species Mortierella polycephala was
identified from a mushroom by Coemans in 1863, and as
the name of genus Mortierella was specified in honor to
M. Du Mortier (Coemans, 1863). Mortierella capitata
Marchal is one of more than 100 species of Mortierella
that can be existing as saprophytes in any substrate,
rhizosphere of fresh water and soil (Marchal, 1891;
Degawa, Gams, 2004; Yadav et al., 2014; Nguyen, Lee,
2016; Leon et al., 2017). Several soil inhabiting fungi
belonging to the Mortierella genus have been recognized
as producers of polyunsaturated fatty acids and other
arachidonic acid (Kendrick, Ratledge, 1992; Botha et al.,
1999; Wang et al., 2011). Moreover, Mortierella capitata
strain  RD000969 was also produced nervonic acid
accounting for up to 6.94 percent of its whole cellular
fatty acid, which was produced a large amount of long-
chain monounsaturated fatty acid and small amount of
ultralong-chain fatty acid (Umemoto et al., 2014), overall
99 percent of nervonic acid was localized at the (sn-1, 3)
location of triacylglycerol in fungal cell. M. capitata
known as the rare fungus, which was isolated from Fluvo-
aquic soils that were help to increase chlorophyll,
gibberellic acid and biomass content in maize crop (Li et
al., 2020). M. capitata has excellent capacity to affect the
degradation rate of straw, which may help to alter the
structure of the native microbial community (Tamayo-
Velez & Osorio, 2018).

Our studies indicated that a species, Mortierella
capitata was isolated from soils collected in Hyderabad,
Pakistan, during the survey of microbial pathogens from
the soil in chilli field. The objective of this work was to
conduct morphological and molecular analyses to
characterize unrecorded species, M. capitate Pakistan.

Materials and Methods

Isolation of fungi from soil samples: Soil samples in
polythene bags were collected from various locations of
Hyderabad, Sindh, Pakistan in 2016. The soil sample for
each location were taken from 15-18 cm depth, removed
surface waste and stored at 4°C. Serial dilution method was
used for fungus isolation (Wakesman, Fred, 1922) on water
agar (WA) supplemented with 50 pg/ml of penicillin and
streptomycin sulfate for 6-7 d incubated at 28°C and single
transferred to PDA plates for pure cultures.

Identification of isolated fungi: Morphological
characters of the isolated fungi were observed on WA
culture and the plates were incubated 28°C for 7 d.
Mortierella species were identified based on the structure
of sporangia, zygospore, chlamydospores and sexual
structures as described by (Mehrotra et al., 1963; Embree,
1963; Chalabuda, 1968; Linnemann, 1969; Milko, 1974;
Gams, 1977; Watanabe, 1990; Degawa, Tokumasu, 1997).
Morphological structures were obtained from the isolates
NAR-Mcl and NAR-Mc2 and observed under a
compound microscope. The photographs were taken from
the Nikon Eclipse 80i microscope with digital camera DS-
Ril (Nikon Corporation Japan).

DNA extraction and PCR amplification: A CTAB rapid
fungal genome DNA extraction kit (Biomiga, Inc. San
Diego, CA 92121) was used to extract total genomic DNA
from isolates NAR-Mcl and NAR-Mc2 followed by
instructions (Bellemare et al., 2018). Amplification of
ITS region (internal transcribed spacer) was conducted
and sequenced with the primers (ITS-1, 5-TCC GTA
GGT GAA CCT GCG G-3') and (ITS-4, 5'-TCC TCC
GCT TAT TGA TAT GC-3') (White et al., 1990).
Polymerase chain reaction (PCR) was conducted and take
50 pl reactions, including 50 ng of DNA as template, 10
UM gene primers, 5 ul 10 x reaction buffer, 10 mM
dNTPs, 1.25 pl rTaq and 36.5 pl of deionized water.
Amplification of PCR was conducted in thermal cycler
under the following program: 5 min at 95°C followed by
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30 cycles at 95°C for 40 s, 60°C for 40 s, 72°C for 50 s
and the last step was carried out at 72°C for 10 min. PCR
products were purified and sequenced at the TSINGKE
Biological Technology, Kunming, China with the same
primers. Two new sequences of both isolates NAR-Mc1
and NAR-Mc2 are deposited in GenBank (NCBI).

Phylogenetic analysis of nucleotide sequence:
Amplification of two PCR products was cut from agarose
gel (2%) and purified by using the TaKaRa MiniBEST
Agarose Gel DNA Extraction kit (Kusatsu, Shiga, Japan)
according to instructions of Manufacture Company. For
sequence analysis, both purified DNA samples were sent
to the TSINGKE Biological Technology, Kunming China.
Sanger dideoxy sequencing was used to determine the
sequences of purified DNA samples. Both detailed
reference sequences that were retrieved from GenBank
database to evaluate the phylogenetic relationship.
Alignment of two sequences were compared with M.
capitate sequences which were previously published and
available in GenBank using Bioinformatics tools such as
MEGA 7 (Kumar et al., 2016).

For phylogenetic studies, the ITS sequence along
with different Mortierella species accession numbers of
sequences retrieve from GenBank database were used to
construct a phylogenic tree by using program Kimura 2-
parameter substitution model for neighbor-joining tree
construct (Kimura, 1980). The robustness of phylogeny
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tree was examined through the nearest-neighbor with
1,000 bootstrap replicates.

Results and Discussion

Morphological characteristics of M. capitata isolates:
During the present studies, two isolates NAR-Mc1 and
NAR-Mc2 of M. capitata were isolated from chilli field
soil in Hyderabad, Sindh, Pakistan. We examined the
morphological characters of NAR-Mcl and NAR-Mc2
isolates were almost the similar. Isolates produce light
dirty whitish growth on PDA with the growth rate of
8.1-8.4 cm incubated at 28°C for 6 d. The mycelial
growth was dirty color, cottony, concentric pattern
produced and mostly zonate (Fig. 1A). Microscopic
characters were observed in WA culture. Septate
mycelium branched with coenocytic complex and
sporulation was abundant (Fig. 1B—D). The thick-walled
chlamydospores were observed with globose and 16—34
um in length (Fig. 1E, F). Sporangiophores were arising
from the mycelial branching are the size of 30-350 um
long, hyaline and erect, tapering from the maximum
width of 12-32 pm at the bottom and 3-8 pm at the top,
sporangium bearing single terminal (Fig. 1G—K). Spores
were measured 3.5-45 x 3.2-4.5 um globose to
subglobose (Fig. 1L, M). The morphological
characteristics of M. capitata agreed with the taxonomic
status (Degawa, Tokumasu, 1997; Leon et al., 2017).

Fig. 1. Morphological characteristics of Mortierella capitata isolate NAR-Mc1. A colony growth in potato dextrose agar plate; B
mycelial hyphae; C, D: branching of sporangiophore; E, F: chlamydospore; G-I, mature sporangia with hyphae; J, K: sporangiophore
with terminal sporangia; L, M spores on water culture B, C 5 um; DI 10 um; J-M 20 pm.
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Fig. 2. Phylogenic tree structure by Neighbor-joining algorithm using Kimura-2-parameter, for Mortierella capitata NAR-Mc1 and
NAR-Mc2 and reference sequences based on maximum likelihood analysis of the partial ITS rDNA sequences. Sequence of Mucor
ellipsoideus was used as the outgroup. Numerical values of >50% on branches are the percentage of 1,000 bootstrap replicates that
support the branch. The scale bar represents the number of substitutions per site.

Molecular phylogeny analyses of M. capitata isolates:
Two amplified DNA sequences of the ITS rDNA region of
the two isolates NAR-Mcl and NAR-Mc2 were submitted
to NCBI GenBank under the accession numbers
MF115610 and MF115611, respectively. Next, to
determine the phylogenetic relationship was derived from
comparisons of the thirteen ITS gene sequences and a
dendrogram was constructed with Mucor ellipsoideus
(NR111683) as an outgroup species. Isolates NAR-Mc1l
and NAR-Mc2 sequences MF115610 and MF115611 are
grouped as one cluster and are closely related to M.
capitata sequences (KT804161) of NCBI database with
bootstrap value of 100% (Fig. 2). In conclusion, the
taxonomical properties and phylogenetic analysis of
isolates NAR-Mc1 and NAR-Mc2 indicated it to be M.
capitata. Generally, Mortierella vesiculosa species are
similar as a synonym of M. capitata (Linnemann, 1969;
Milko, 1974; Gams, 1977). This heterothallic species
found in soils inhabited by pillbugs (Armadillidium
vulgare) (Degawa, Tokumasu, 1997). However, this is the
first report of M. capitata isolated from soil in Pakistan.

Acknowledgements

This research was supported by the Fund for Startup
Research Grant from Higher Education Commission
Pakistan (No: 21-297/SRGP/R&D/HEC/2014). Critical
reading of the manuscript by Joseph Juma Mafurah
(Egerton University) is gratefully acknowledged.

References

Bellemare, A., T. John and S. Marqueteau. 2018. Fungal
Genomic DNA Extraction Methods for Rapid
Genotyping and Genome Sequencing. In: (Eds.): de
Vries R., Tsang A., Grigoriev I. Fungal Genomics.
Methods in Molecular Biology, Vol. 1775. Humana
Press, New York, NY pp. 11-20.

Botha, A., I. Paul, C. Roux, J.L. Kock, D.J. Coetzee, T. Strauss
and C. Maree. 1999. An isolation procedure for arachidonic
acid producing Mortierella species. Antonie Van
Leeuwenhoek, 75: 253-256.

Chalabuda, T.V. 1968. Systematica familiae Mortierella.
(Systematics of the family Mortierellaceae.). Novosti Sist
Nizsh Rest, 120-131. (In Russian.)

Coemans, E. 1863. Quelques hyphomycetes nouveaux. 1.
Mortierella polycephala et Martensella pectinata. Bulletins
de I'Académie royale des sciences, des lettres et des beaux-
arts de Belgique, 15: 536-544.

Degawa, Y and S. Tokumasu. 1997. Zygospore formation in
Mortierella  capitata. Mycoscience, 38:387-394.
https://doi.org/10.1007/BF02461677.

Degawa, Y and W. Gams. 2004. A new species of Mortierella,
and an associated sporangiiferous mycoparasite in a new
genus, Nothadelphia. Stud. Mycol., 50: 567-572.

Embree, R.W. 1963. Observations on Mortierella vesiculosa.
Transactions of the British Mycol Soc., 46:560-564.
https://doi.org/10.1016/S0007-1536(63)80056-X

Gams, W. 1977. A key to the species of Mortierella. Persoonia.
9:381-391.

Kendrick, A. and C. Ratledge. 1992. Lipids of selected molds
grown for production of n-3 and n-6 polyunsaturated fatty
acids. Lipids, 27:15-20. https://doi.org/10.1007/BF02537052.


https://doi.org/10.1007/BF02537052

2232

Kimura, M. 1980. A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. J. Mol. Evol., 16: 111-120.

Kumar, S., G Stecher and K. Tamura. 2016. MEGAT7: Molecular
Evolutionary Genetics Analysis Version 7.0 for Bigger
Datasets. Mol. Biol. Evol., 33: 1870-1874, https://doi.org/
10.1093/molbev/msw054

Li, F, S. Zhang, Y. Wang, Y. Li, P. Li, L. Chen, X. Jie, D. Hu, B.
Feng, K. Yue and Y. Han. 2020. Rare fungus, Mortierella
capitata, promotes crop growth by stimulating primary
metabolisms related genes and reshaping rhizosphere
bacterial community. Soil Biol. Biochem., 151:
doi.org/10.1016/j.s0ilbi0.2020.108017

Linnemann, G 1969. Mortierellaceae. In: Mucorales, Eine
Beschreibung aller Gattungen und Arten dieser Pilzgruppe,
(Eds.): H. Zycha and R. Siepmann. J. Cram Leh., 155-244.

Marchal, E. 1891. Champignons coprophiles de Belgique. VI.
Mucoririees et Sphaeropsidees nouvelles. Bulletin de la
Société royale de botanique de Belgique, 30: 134-146.

Mares-Ponce de Leon, Y., L.N. Munoz-Castellanos, M.F. Ruiz-
Cisneros, D.A. Perez-Corra, J.J. Ornelas-Paz, C.H. Acosta-
Muniz, D.l. Berlanga-Reyes and C. Rios-Velasco. 2017.
Morphological and molecular identification of Mortierella
species associated to rhizosphere of apple trees with symptoms
of root diseases. Mexican J. Phytopathol. 36: 184-195.

Mehrotra, B.S., U. Baijal and B.R. Mehrotra. 1963. Two new
species of Mortierella from India. Mycol., 55: 289-296.
https://www.jstor.org/stable/3756519.

Milko, A.A. 1974. Opredelitel mukoral'nyh  Gribov.
(Identification of mucoralean fungi.). Academy of Science
of Ukrain S S R Kiev, (In Russian.).

Nguyen, T.T.T. and H.B. Lee. 2016. Characterization of a
Zygomycete Fungus, Mortierella minutissima from

NASIR AHMED RAJPUT ET AL.,

Freshwater of Yeongsan River in Korea. Korean J. Mycol.,
44: 346-349. https://doi.org/10.4489/KIM.2016.44.4.346.

Tamayo-Velez, A and N.W. Osorio. 2018. Soil fertility
improvement by litter decomposition and inoculation with
the fungus Mortierella sp. in avocado plantations of
Colombia. Commun Soil Sci. Plant Anal., 49: 1-9.

Umemoto, H., K. Sawada, A. Kurata, S. Hamaguchi, S.
Tsukahara, T. Ishiguro and N. Kishimoto. 2014.
Fermentative production of nervonic acid by Mortierella
capitata RDO000969. J. Oleo Sci., 63: 671-679.
https://doi.org/10.5650/jos.ess14029 .

Wakesman, S.A. and F.B. Fred. 1922. A tentative outline of the
plate method for determining the number of
microorganisms in the soil. Soil Sci., 14: 27-28.

Wang, L., W. Chen, Y. Feng, Y. Ren, Z. Gu, H. Chen, H. Wang, M.J.
Thomas, B. Zhang and I.M. Berquin. 2011. Genome
characterization of the oleaginous fungus Mortierella alpina.

PLoS One, 6, €28319. https:// DOI:10.1371/
journal.pone.0028319.
Watanabe, T. 1990. Zygospore induction in Mortierella

chlamydospora by the soaking-plain-water-agar culture
method. Mycol., 278-282.

White, T.J., T. Bruns, S. Lee and J. Taylor. 1990. Amplification
and direct sequencing of fungal ribosomal RNA genes for
phylogenetics. In: (Eds.): Innis, M.A., D.H. Gelfand, J.J.
Sninsky & T.J. White. PCR protocols: a guide to methods
and applications. Academic press, Inc.,, New York.
Academic Press, pp. 315-322.

Yadav, D.R., S.W. Kim, A.G. Babu, M. Adhikari, C, Kim, H.B.
Lee and Y.S. Lee. 2014. First Report of Mortierella alpina
(Mortierellaceae, Zygomycota) Isolated from Crop Field
Soil in Korea. Mycobiol., 42: 401-404.

(Received for publication 5 January 2020)


https://doi.org/%2010.1093/molbev/msw054
https://doi.org/%2010.1093/molbev/msw054
https://doi.org/10.4489/KJM.2016.44.4.346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Umemoto%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sawada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurata%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamaguchi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsukahara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishiguro%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kishimoto%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24919474
../Downloads/J.%20Oleo%20Sci.,
https://doi.org/10.5650/jos.ess14029
https://doi.org/10.1371/journal.pone.0028319
https://doi.org/10.1371/journal.pone.0028319

