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Roadmap for culture collections in India to enrich themselves with
indigenous fungal biodiversity

Rahul Sharma
Exploration of selected habitats

India is a tropical country with a wide
variety of habitat types that harbour a
great diversity of fungi'. These fungi in-
clude both beneficial forms like edible
mushrooms, mould-producing industrial
enzymes or other biotechnologically im-
portant products along with the ones like
yeasts, indispensable for bread and wine
industry and those that cause diseases in
humans, animals and plants apart from a
few that produce toxins. A large part of
India’s fungal diversity is still unknown,
as evidenced by regular reports of new
genera or species being published”®,
During a recent study of Maharashtra
soils covering 31 districts, we have so far
recovered 2 new genera and 9 new spe-
cies of keratinophilic fungi’. These find-
ings suggest that even well-studied
locations in India like Maharashtra har-
bour many novel taxa that might possess
biotechnologically important properties.
Therefore, there is need for a fresh, sys-
tematic survey of India’s soils (or other
niches) to recover unknown fungi.

Bridging the gap between cultures
in Indian collections and fungi

The number of fungal culture collections
in India has risen considerably after the
establishment of Indian Type Culture
Collection (ITCC), New Delhi in 1936.
However, the number of holdings of dif-
ferent culture collections has not reached
international standards. Even if all fungal
strains available in Indian culture collec-
tions are put together, they account for
very little of the total fungal diversity
known from the country. More than
27,000 species of fungi have been re-
ported from India so far', but less than
5000+ species (not strains) are available
in culture collections across the country,
several of them being redundant species.
Hence there is an urgent need to isolate
different species of fungi from Indian
soils or other niches so that we have the
entire diverse genetic pool harbouring
Indian confines for possible exploitation
for biotechnology, medicine and indus-
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try. A nation-wide joint programme can
be initiated by various culture collections
in collaboration with selected local
mycologists, covering all possible states
encompassing different habitats. In the
absence of a collaborating mycologist in
a state, researchers/teachers at the local
colleges or universities can be identified
and trained at the culture collections for
sampling and isolation of various groups
of fungi. A model project was carried out
by the present author in Maharashtra re-
cently on keratinophilic fungi, which re-
sulted in a collection of 729 soil samples
from across 31 districts covering about
>20,000 km by road in 2.5 years. The
project has some interesting results,
including several novel taxa that are
keratinolytic and some with antifungal
properties. Thus given the results obtai-
ned in the project, a similarly scaled-up
project could be formulated to include
other habitat niches to target isolation of
diverse forms of fungi across geographic
confines of India.

Screening of fungi, yeasts, wild
mushrooms and other
basidiomycetes

Once we have a large collection of fungi
from the above-mentioned projects,
which include not only multiple strains
of few species but a large number of spe-
cies of different genera belonging to var-
ious families (more than 536 families of
fungi are known'?), a large-scale screen-
ing programme could be initiated in-
house at selected culture collections
(NCMR, MTCC, NFCCI, NCIM,
NCCPF, NCAIM and ITCC), or in colla-
boration with industry or other organiza-
tions like CDRI which have expertise in
high-throughput screening for bioactive
compounds. An important aspect to con-
sider is their ability to produce secondary
metabolites which have been extensively
used in medicine because some of the
most noted medically relevant com-
pounds are of fungal origin, like cyclo-
sporine (an immunosuppressant drug)
used globally for organ transplants and
penicillin that saved so many lives dur-

ing World War II. All isolated fungi
should then be screened for multiple
activities like anti-cancer, antibiotic, an-
ti-inflammatory, and for the production
of enzymes (lipase, cellulase, protease,
amylase, etc.) and secondary metabolites
useful for agriculture, medicine, pharma-
ceuticals, food industry, etc. Apart from
these beneficial fungi, we certainly need
reference cultures of fungi that are agents
of human, animal or plant disease for
testing antifungals and fungicides. There
is immense potential in the indigenous
fungal diversity to provide a potential
genetic resource for agriculture, medi-
cine, as well as pharmaceutical and food
industry. Instead of investing in strain
improvement, industries would be will-
ing to fund for the search of new, poten-
tial wild strains that are genetically
stable and having specific bioactive
properties.

Yeasts are an important group of non-
filamentous Eumycotan fungi that are
extremely important not only for the
bread and wine industry, but also in
human disease. Special project(s) could
be formulated for yeasts after prelimi-
nary training of regional collaborators in
various states across India. The primary
habitats that could be focused are the
flowers; fruits (fresh and rotten) col-
lected in forest and non-forest locations,
apart from human habitats like flour
mills and jaggery units, etc. Native spe-
cies of plants endemic to different parts
of India are most suitable for yeast diver-
sity. Beneficial yeasts are indispensable
in bread and wine industry, which have
been extensively exploited by the West-
ern world (e.g. Germany and France have
200 kinds of bread and wine respective-
ly), but indigenous yeasts are not fully
exploited in India. Several yeasts are also
responsible for human infections, and a
collection of indigenous strains of clini-
cal forms is essential for testing newly
developed antifungal drugs. Several re-
search groups are reporting novel mu-
shroom and related wood-rotting species
from India, but their cultures are not
always available in the collections. Giv-
en the potentiality of wild mushroom
species from Indian forests, explorative
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projects could be initiated across the
country to recover indigenous germplasm
of different species on a large scale. To
streamline the whole procedure from the
collection of mushrooms to raising pure
cultures and finally testing for bioactive
properties, specified grants could be
sought.

Services at the culture collections

Rapid identification of fungal pathogens
of crops is important in agriculture. Spe-
cial programmes with specific funding
from the Government (Ministry of Agri-
culture) could be initiated for the identi-
fication of fungal pathogens of crops to
directly support farmers. Fungal identifi-
cation report supported by advice on the
use of remedial measures in consultation
with agricultural experts in a time-bound
manner will help save/reduce crop losses
and save human lives. There is also a
need to identify and revise the list of
serious plant pathogens that are dealt
with by quarantine offices at the port of
entry in the country. Although India
already has alternative agencies for this,
culture collections can help in training
the technical staff at such agencies and
upgrade them with the changing taxo-
nomy of various plant pathogens. This
will help prevent the entry of serious
plant pathogens due to misidentification
or changed taxonomy and nomenclature.
Globally, the number of human fungal
infections is increasing at an alarming
rate even when numerous cases are not
reported due to lack of a medical mycol-
ogist at most hospitals. Several of these
infections are acquired during surgery
carried out in rooms that have fungal
spores in the air or due to people living
in sick buildings, both of which could be
avoided if proper mycological examina-
tion and hygiene of operation theaters or
housing is maintained by a hospital or
municipal staff. Regular training and
expert advice are needed from culture
collections to health workers across India
with a specific technical team that may
be hired in a separate programme jointly
initiated with the Health Ministry,
Government of India and NCCPF, Chan-
digarh. Culture collections can provide
mycological services to construction

firms/institutions for the examination,
prevention and cure of sick buildings.

Strengthening fungal taxonomy at
the culture collections

Over the years, fungal taxonomy in India
has seen a slowdown mainly due to regu-
lar retirement of experienced taxonom-
ists without replacement by competent
fresh recruits. The situation has wor-
sened due to the induction of molecular
phylogeny methods in species recogni-
tion and description. Only a few research
groups from India are now publishing
good taxonomy papers based on molecu-
lar phylogeny in premier mycology
journals, due to lack of experienced
molecular fungal taxonomists. Like con-
ventional taxonomy where one requires
several years of experience to gain ex-
pertise, getting insight into molecular
taxonomy (not a technique) of different
groups of fungi also requires several
years of work on a particular taxonomic
group. This is because fungi are very
diverse in their genetic make-up and re-
quire different genetic loci for characte-
rization. Unlike bacteria, where the 16S
rRNA gene is generally considered gold
standard apart from DNA-DNA hybridi-
zation, it is now becoming clear that the
ITS region of the rRNA gene is not suit-
able to characterize all groups of fungi,
more so because of the highly incom-
plete NCBI database''. For example, -
tubulin (STUB) gene for Aspergillus
spp.'? and translation elongation factor
1o (TEF1¢) for Fusarium spp.". Know-
ledge of interspecific and intraspecific
variations in different genetic loci used
in different genera is essential in making
a correct taxonomic decision. The Indian
fungal taxonomic scene could be im-
proved in a time-bound manner through
individual, in-depth training programmes
and collaborative joint projects on spe-
cific groups of fungi, viz. ascomycetes,
basidiomycetes (mushrooms), zygomy-
cetes, etc. with various mycologists of
the country. Novel taxa are not only im-
portant in terms of their taxonomic val-
ue/status, but also because they represent
biological entities with different/novel
sets of workable genes, and hence with
potentially newer properties. From a re-

cent project on keratinophilic fungi in
Mabharashtra, we can conclude that larger
the area one scans, the more diverse
forms one can recover, including novel
taxa. Therefore, to obtain a few of the
potential strains of filamentous fungi and
yeasts for application, the collection of
samples from a larger area is key instead
of sporadic sampling. A few mycologists
alone cannot do justice to the vast fungal
diversity that India possesses. Develop-
ment of molecular taxonomic base in In-
dia through in-depth workshops and
short-term projects with researchers from
across the country could help improve
the situation by training research teams
from various colleges and universities to
explore the vast landscape of India and
expand the fungal genetic resource at cul-
ture collections in a time-bound manner.
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