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Plant tissue culture is an artificial plant propagation technique employed for large-scale plant multiplication.In
addition to other limitations, the most vulnerable effect of tissue culture is the contamination of culture media
by endophytes and other microorganisms.Contaminated orchid tissue culture media were collected from the
Plant Tissue Culture Laboratory of the Darjeeling Government College.After subculturing in PDA, a pure
fungal culture was obtained.The conidia of isolated fungus were catenating in densely branched chains of
ellipsoid, ovoid, limoniform, aseptate, smooth, and conspicuous hila.Molecular characterization of the isolated
fungus was performed by extracting amplification of specific genes such as partial 5.8s r RNA, ITS, and
partial 18s r RNA using universal primers ITS1 and ITS4.The amplified product was then sequenced
bidirectionally, and the 560-nucleotide sequence was submitted to GenBank af ter alignment and
annotation.During BLAST analysis, the sequence displayed 99.82% similarity and 100% query coverage
with Cladosporium-tenuissimum.Phylogenetic analysis revealed that this fungus shares a close relationship
with the same pathogen isolated from the rich rhizospheric soil of India. This is the first report on the biological
and molecular identification of Cladosporium sp. from orchid tissue culture media in India.
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INTRODUCTION

Plant tissue culture, the cultivation of plant cells,
tissues, organs, seeds, and other plant parts on
a nutrient medium under sterile conditions, has
played a pivotal role in advancing agricultural
methods worldwide. Over the past few decades,
it has been instrumental in rapidly multiplying
various crops and in enhancing production
systems (Zulkarnain et al. 2015).

However, plant tissue cultures are often
compromised by microorganisms introduced
either through the explant or by laboratory
contamination. These contaminants, whether
biological or chemical, visible or invisible, and
harmful or seemingly harmless, invariably
undermine the eff icacy of  tissue culture
(Varghese and Joy, 2016).Bekalu et al. (2023)

*Correspondence: bikram24@gmail.com

10.57023/JMycR.63.4.2025.895

identified several factors that limit the success of
tissue cultures.These include the source of plant
material, which may introduce contaminants from
both internal (endophytic microorganisms) and
external (epiphytic microbes) origins, as well as
the potential for microscopic organisms to enter
culture media, culture bottles, less sterile
equipment, workspaces, and cultural spaces.
Human errors during the tissue culture process
and increased contamination during wet months
further exacerbate these issues. Microorganism
contamination poses a serious challenge
(Omamor et al. 2007). Microorganisms infiltrate
living plant tissues, and the nutrient-rich medium
used in tissue culture provides an ideal
environment for microbial growth.These
microorganisms compete with plant tissue
cultures for essential nutrients, leading to irregular
growth, tissue necrosis, decreased shoot
proliferation, reduced root development, and
ultimately higher culture mortality (Kane 2003;
Odutayo et al. 2007; Cassells, 2012).
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A variety of microorganisms, including filamentous
fungi, bacteria, yeast, viruses, and microa-
rthropods that act as vectors, are recognized
sources of contamination in plant tissue cultures
(Leifert and Cassells, 2001).Notable bacterial
contaminants include Escherichia coli, Proteus
sp., Pseudomonas fluorescens, Micrococcus
sp., Staphylococcus aureus, Streptococcus
pneumoniae, Bacillus cereus, Bacillus subtilis,
Corynebacterium sp., and Erwiniasp.. Contam-
ination sources include tissue culture plant
materials and the laboratory environment, such
as human skin (Varghese and Joy, 2016; Odutayo
et al. 2007). However, fungi are the predominant
source of contamination in tissue cultures,
compared to bacteria, viruses, and other
microorganisms (Niehues et al. 2020). Yeasts,
such as Candida and Rhodotorula, are also
common contaminants in plant tissue cultures
and can proliferate on indexing media used to
detect latent bacteria.

Fungal contaminants identified in plant tissue
cultures include Alternaria tenuis, Aspergillus
fumigatus, Cladosporium sp., Aspergillus niger,
Saccharomyces sp., Rhizopus nigricans,
Fusarium oxysporum, and Fusarium culmorum
(Odutayoet al. 2007). Chrysosporium sp. and
Aspergillus sp. have been identified as fungal
contaminants during the early stages of
micropropagation of tissue-cultured abaca,
leading to cell death owing to poor plant material
management, culture vessel contamination, and
suboptimal laboratory conditions (Cobrado and
Fernandez, 2016). Fungal isolates like
Aspergil lus, Penicill ium, Cladosporium ,
Fusarium, and Cunninghamella sp. have been
isolated from various tissue culture laboratories
(Odutayoet al. 2007; Msogoyaet al. 2012; Ankur
et al. 2014; Kithakuet al. 2019).

The genus Cladosporium  belongs to
Ascomycota, Pezizomycotina, Dothide-omyce-
tes, Pleosporomycetidae, Capnodiales, and
Cladosporiaceae (Jayawardena et al.2020;
Bensch et al. 2012) and is commonly found in
molds in various environments worldwide.
Cladosporium has been reported as a tissue
culture contaminant in several laboratories,
causing damage to plants during their early
stages (Kumar et al.2019; Odutayoet al.2007;

Kithakuet al. 2019). In addition to being a
laboratory contaminant, Cladosporium is known
for its pathogenic properties, causing diseases
in the leaves, flowers, and roots (Geng et al. 2022;
Nam et al. 2015; Heo et al. 2023; Cui et al. 2023;
Liu et al. 2022; Krasnow et al. 2022; Ragukul and
Makander, 2023). Some species within this genus
are plant pathogens, whereas others are spoilage
agents in food or industrial products. Clado-
sporium has also been associated with
endophytic fungi and asthma (Heuchert et al.
2005). Cladosporium cladosporioides and
Cladosporium pseudocladosporioides have been
identified as strong antagonists of Puccinia
horiana, the pathogen responsible for chrysant-
hemum white rust (Torres et al. 2017). The genus
Cladosporium is primarily composed of three
species based on morphology: C.clados-
porioides, C. sphaerospermum, and C. herbarum
(El-Dawyet al. 2021). Two new species,
Cladosporium clitoriae Haldar and Cladosporium
murshidabadense Haldar, have recently been
reported in West Bengal, India (Haldar, 2019).

Morphological and molecular characterization are
essential for the accurate identification of fungi,
including Cladosporium (Dugan et al. 2008).
Molecular techniques have been successfully
employed to identify and diagnose species, such
as Fusarium spp., Aspergillus spp., and
Rhizoctonia solani (Salem et al. 2019;
Abedalredet al. 2019). One such molecular
approach used to diagnose Cladosporium
species is PCR amplification of the internal
transcribed spacer (ITS) region, a technique
known as the universal barcode of fungi.This
method is effective for identifying different
Cladosporium species (Hensel et al. 2020; Han
et al. 2020).

ITS sequences are commonly used to identify
fungi and to construct phylogenetic trees (Salem
etal. 2019; Ao et al. 2020). Cladosporium isolates
were identified at the species level using ITS
sequencing and morphologicalanalysis (Abedyet
al. 2021). According to Mng’ombaet al. (2007),
surface sterilization only removes external
microbial contamination, whereas endogenous
contaminants can thrive in nutrient-rich
media.Endophytic contaminants can be
effectively managed if identified early and
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systemic fungicides are correctly applied before
explants are collected (Habiba et al. 2002).

In this study, contaminated orchid tissue culture
medium was collected from the plant tissue
culture laboratory of Darjeeling Government
College, and contaminating fungi were identified
using both morphological and molecular methods.

MATERIALS AND METHODS

Sample Collection and Fungus Isolation

Contaminated tissue culture containers were
collected from the Tissue Culture Lab of
Darjeeling Government College in July,
September, and October of 2023.The number of
infected bottles was calculated by counting the
number of contaminated bottles. Several
samples were collected separately and labeled
appropriately. The bottles were brought to the
Mycopathology Laboratory, Department of Botany,
Darjeeling Government College.The contam-
inated bottles were then opened in a sterile
environment. Using a heat-sterilized loop, a small
sample from the contaminated area was
aseptically transferred to Potato Dextrose Agar
slants in triplicate. The tubes were incubated at
28°C for 5 days.

Identification of Isolated Fungal Pathogens

The isolated fungal pathogens were identified
based on phenotypic characteristics, colony
features, microscopic analyses, and phylogenetic
characterization using rRNA gene sequences
obtained through PCR amplification.

Studies on Phenotype

Phenotypic investigations involved analyzing the
morphology of conidial spores, hyphae, and
colonies of the fungus.The cellular morphology
was examined under a microscope.

Colony Characteristics

The fungus was grown on sterile PDA plates (9
cm diameter) at 28°C for 3–4 days to allow the
colonies to form mycelial mats.Mycelial agar discs
(4 mm) were cut from the radially spreading zone

of the developing hyphae using a sterile cork
borer.Each disc was positioned at the center of a
sterile PDA plate.The plates were incubated at
28°C for ten days to ensure suf f icient
sporulation.Numerous culture characteristics
were routinely monitored and recorded, including
the number, color, and texture of spores; pattern
of radial development; and color and texture of
the mycelia.

Microscopy

Mycelia from the cultured fungal strains that
produced spores were placed on grease-free
glass slides and stained with cotton blue in
lactophenol. The slides were mounted with cover
glass, sealed, and examined using an Olympus
compound microscope from India at 10X, 40X,
and 100X (with oil immersion). The specific
morphological characteristics of the fungus,
including hyphal septation and spore type and
shape, were examined and recorded. Measur-
ements were also taken of spore length and width,
as well as mycelial breadth.

Studies on Ribosomal RNA Genes (rRNA
Gene)

The isolated fungus was identified by phylogenetic
analysis using gene sequences containing the
internal transcribed spacer (ITS) region and the
entire 5.8S rRNA gene.This region, which does
not contribute to the final ribosomal RNA, is
located between the 18S and 5.8S rRNA genes
(also known as ITS1) and 5.8S and 28S rRNA
genes (also known as ITS2).Using genomic DNA
as a template, the target genes were amplified
by PCR to obtain sequences.The universal
forward and reverse primers employed were ITS1
and ITS4, which bind to the end of the 18S rRNA
gene and the beginning of the 28S rRNA gene,
respectively (White et al. 1990).

Isolation and PCR Amplification of Genomic
DNA

Genomic DNA was isolated from fungal cultures
using the CTAB method (Dellaporta et al. 1983)
as modified by Sharma et al. (2003). A UV-VIS
spectrophotometer (Model No.Lasany LI, 285)
was used to calculate the A260/A280 ratio to
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determine the purity of the DNA. PCR
amplification of the ITS regions, including the 5.8S,
28S, and 18S rRNA genes, was conducted using
universal primers ITS1 (5'-TCCGTAGGT-
GAACCTGCGG-3') and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3'). 25 ìl reaction
volume was amplified by 20 ng of genomic DNA
from each isolate, 3 U Taq DNA polymerase, 2.5
mM MgCl‚ , dNTPs (2.5 mM each), and 1 ìM of
the forward and reverse primers in 10X Taq buffer
B (Genei, Bangalore). After combining all
materials, DNA polymerase was added.The PCR
products were purified using a Quick PCR
Purification Kit (Genei, Bangalore) according to
the manufacturer ’s instructions.Purif ied
amplicons were sequenced in both directions at
Xcelris Genomics Ltd., Bangalore.

Phylogenetic analysis for species
discrimination

Partial ribosomal RNA gene sequences of
pathogenic fungal strains were compared to
those of similar strains in the GenBank database
using the BLAST search facility at the NCBI (http:/
/www.ncbi.nlm.nih.gov/) (Altschul et al. 1997).
Cladosporium sp. was identified as the fungal
strain (Acc. No. OR528898) using rRNA gene
sequences delivered to GenBank with appropriate
annotations.Their sequences were differentiated
from the others for sequence distinctiveness and
phylogenetic relationships.Reference ribosomal
RNA (rRNA) sequences of 108 Cladosporium
species were obtained from the NCBI database
(https://www.ncbi.nlm.nih.gov/).For phylogenetic
analysis, the Cladosporium sp. rRNA sequences
acquired in this study were combined with other
accessible sequences.ClustalW was used to
align the sequences (Thompson et al. 1994).
Sequences with possible contamination and
unconfirmed species assignments were not
included in the analysis.A total of 85 Cladosporium
rRNA sequences were used for the analysis, and
similar reference sequences were excluded.
Using the Markov Chain Monte Carlo simulations
(MCMC) technique for 1,000,000 generations with
four cumulative hot chains beginning from random
trees and sampling one every 100 generations,
Bayesian phylogenetic inference was performed
using MrBayes 3.12 (Ronquist and Huelsenbeck,
2003). As a burn-in, the first 25% of the rebuilt
trees were removed (Zhang et al. 2018).

Estimation of genetic distance

Percent genetic distance was computed using
the Kimura-2-Parameter model (Kimura 1980)
and MEGA X (Kumar et al. 2019). Based on BI
analysis, the cladosporium rRNA sequences were
grouped into MEGA X cryptic species. The
threshold value in species differentiation was
established by computing the mean of the greatest
“within species” genetic distance and noticeably
smaller “between species” genetic distance of
several Cladosporium species.

RESULTS AND DISCUSSION

Contamination is a significant problem in tissue
cultures.An increase in contamination was noted
during July-September, the monsoon
season.Contaminated tissue culture bottles
observed in the lab of Darjeeling Government
College are presented (Fig.1). The medium
appeared cloudy, with a whitish film, fuzzy growth,
or patches resembling mold on the surface of the
medium or along the bottle walls.Gas bubbles are
also observed.As the contamination progressed
in plant tissue culture, there was a deterioration
in the appearance and growth of the plants due
to contaminants competing for nutrients, resulting
in reduced plant growth.Portions of the plant
culture were distorted, dried, and exhibited
stunted growth.

From the survey results, it was evident that during
July, the risk of contamination in tissue culture
tended to be higher than that in other months.

Morphological Characterizations of the
Fungal Isolates

The growth and sporulation of the fungal isolates
were observed after growth on PDA, and the
morphology was examined under a
microscope.The colonies of the isolates were
gray to olivaceous green with cottony mycelium
(Fig. 2), while the reverse side of the colony was
greenish-black with regular colony margins.The
growth was circular, with radial advancements.
Radial growth rings were evident on mycelial
mats.Microscopic examination of the fungus
revealed that its mycelia and conidia were shiny
black to brown. Sporulation was observed from
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Fig. 1: (A) Orchid seedlings growing in tissue culture media. (B)
Contaminated media with some hyphal growth collected from Tissue
Culture Laboratory, Dept. of Botany, Darjeeling Govt. College

Fig. 2: Pure culture of the fungal contaminant isolated from tissue
media after 7 days of incubation on PDA media ( A= Slant and B=
Plate culture). C- Microscopic photograph of fungus showing mycelia
and conidia.

Fig.3: Camera lucida drawing of mycelia of isolated fungus

Fig. 4: Bayesian phylogenetic analysis of Cladosporium species
generated using MrBayes 3.12, with Markov chain Monte Carlo
simulations for 1,000,000 generations. GenBank accession
numbers and species names are indicated at the end of each
branch.

the 8th day onwards. Conidia were catenating in
densely branched chains, ellipsoid, ovoid,
limoniform, aseptate, 5.74±0.19 µm in length and
5.16±0.12 µm in breadth, smooth, and with
conspicuous hila. They were easily detached
from the conidia chain (Fig.3).

Molecular Identification of the fungus

Approximately 500 nt of DNA was amplified from
the isolated fungal pathogens after successful
PCR amplif ication using the extracted
DNA.Alignment of the obtained rRNA sequences
with those of the strains from the GenBank
database was performed using the NCBI BLAST

tool for each fungal isolate.Isolated TC-O2 (Acc.
No. OR528898) showed 99.82% nucleotide (nt)
identity with Cladosporiumtenuissimum.

Phylogeny of Cladosporium species

As presented in the study (Fig. 4), phylogenetic
analysis of Cladosporium species provides a
detailed picture of the evolutionary relationships
among different species.The isolate showed the
highest similarity (99.82%) with Cladosporium
tenuissimum based on BLASTn analysis.
However, rather than forming a distinct cluster
with only C. tenuissimum, it was grouped with
several related Cladosporium species.This
indicates that these species share a close
evolutionary relationship, making it challenging to
delineate them based solely on the genetic data.

Fig.5: Percent genetic distance within and between different
species of  Cladosporium, with species boundary at 0.8%
indicated by “—.”
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The phylogenetic tree includes several well-
defined clusters such as C. dominicanum, C.
sphaerospermum, C. velox, C. herbarum, and
C. perangustum, indicating clear genetic
differentiation from other species. C. halotolerans
and C. parahalotolerans form a tight cluster
together, reflecting their close genetic relationship
and potentially similar ecological niches or
physiological traits.

Genetic distance data (Fig. 5) supported these
clusters.For example, within C. tenuissimum, the
genetic distance was 0.00%, indicating no genetic
variation within this species. The same applies
to other species such as C. oxysporum, C.
herbarum, and C. velox, all showing 0.00%
genetic distance within species. However,
interspecies genetic distances reveal why some
species cluster together.For example, the genetic
distance between C. tenuissimum and C.
oxysporum is 0.00%, suggesting that these two
species are genetically similar.Similarly, C.
halotolerans and C. parahalotolerans had a
genetic distance of 0.72%, indicating a close
relationship.

The unnatural clustering of the isolate under study
can be explained by the observation that the
genetic distances between some species were
less than the highest genetic distance within a
species.For example, the genetic distance
between C. perangustum and C. asperulatum
was 0.05%, which is less than the distance within
a single species.This suggests that traditional
species boundaries might not fully capture the
genetic diversity of  Cladosporium spp.A
proposed species boundary at 0.8% genetic
distance helps clarify these relationships.Species
with genetic distances greater than this threshold
were considered separate, whereas those with
smaller distances were grouped.This threshold
helps explain why some species form distinct
clusters, while others, such as the isolate under
study, form mixed clusters with closely related
species.The clustering patterns observed in the
phylogenetic tree were supported by genetic
distances, highlighting clear species boundaries
and areas where genetic similarities blur traditional
species definitions.

Increased humidity and moisture create favorable
conditions for microbial growth. Several

contaminated tissue culture bottles were
collected from the laboratory and brought to the
laboratory for pathogen isolation. Indoor air, tables/
walls, and human skin are examples of sources
of fungal contaminants, and among all airborne
living contaminants, fungi make up two-thirds.
Penicillium, Cladosporium, Alternaria, and
Aspergillus are the most common indoor fungi,
and furniture in tissue culture laboratories is a
major source of fungal spores (Odutayoet al.
2007). Anything containing moisture in the tissue
culture laboratory is a source of  fungal
contamination. A relative humidity of 60% is
sufficient for fungal growth, and drain pans/drip
pans under cooling coils (as in refrigerators) and
steam from cooking are also considered sources
of fungal growth.

Based on morphological characteristics, the
isolate was preliminarily identif ied as
Cladosporium sp. (Toresset al. 2017). Such
colony and conidial characteristics have been
reported by several authors from different
sources (Geng et al. 2022; Nam et al., 2015; Heo
et al. 2023; Cui et al. 2023; Liu et al. 2022;
Krasnow et al. 2022; Ragukul and Makander,
2023).

Cladosporium spp., a fungal tissue culture
contaminant in southwestern Nigeria, was
reported by Odutayoet al. (2007). Identification of
the fungus was done using cultural characteristics
and morphology and by comparison with
standards. Liu et al . (2022) identif ied
Cladosporium using ITS1 and ITS4 primers as
the cause of fruit rot of grapes (Vitis vinifera) from
China. Kumar et al. (2019) isolated Cladosporium
sphaerospermum from tissue culture media of
Chlorophytum borivilianum. Cladosporium
cladosporioides, a causal pathogen of garden pea
leaf blight, was identified by sequencing the ITS
region using the ITS1 and ITS4 primers (Ragukul
and Makandar, 2023).Cladosporium spp. and
other fungi as major fungal contaminants of
banana cultures in JKUAT laboratories have been
reported by Kithakuet al. (2019). Identification was
based on sequencing of the PCR-amplified
product.Cladosporium cladosporioides, a
pathogen of leaf spot disease of Alalia cordata in
Korea, was reported based on ITS, Act, and TEF1
sequencing by Heo et al. (2023).
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Owing to the desire to grow on a large scale in
the past few decades, tissue culture techniques
have been manipulated to improve plant growth,
biological activities, transformation, and
secondary metabolite production.For successful
propagation,contamination free culture media is
f irst foremost desirable. In present study
identification of fungus from tissue culture media
will help to take appropriate precaution measures
to check fungal contamination.
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