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Abstract

Different kinds of microorganisms such as filamentous fungi, bacteria, yeast, Mycoplasma and viruses
and micro- arthropods (ant, mites and thrips) have been identified as contaminants in plant tissue
cultures. Contaminants are introduced with the explants during the manipulation in the laboratory or
by micro-arthropod vectors. Some contaminants are not expressed immediately. This often makes it
difficult to identify the source of contamination. Disinfection protocols have been developed for a
wide range of plant species including viruses or endophytic bacteria. They may include the selection
of pathogen free donor plants species or donor plant treatments such as thermotherapy. Also microbial
quality assurance system has been used for commercial plant tissue culture laboratory. These are
the main aims for preventing the introduction of pathogens into tissue cultures at establishment in
the laboratory. In established in vitro cultures preventative strategies are essential, since it is extremely
difficult to eliminate environmental bacteria and fungal contaminants using antibiotics and fungicides.
In many cases anti-microbial chemicals only inhibit the contaminants leaving low levels of
contaminants. In particular case, the antibiotic control of gram negative bacteria (including plant
pathogenic bacteria and Agrobacterium tumefaciens vector system used in genetic engineering) has
been found to be extremely difficult. Detection of bacterial contamination involve the use of general
and semi-selective microbial growth media or serological and PCR —based molecular techniques for
specific pathogens. However it is difficult to detect low number of latent bacterial contaminants.
Resent research has indicated that there is a risk of the transmission of human pathogens also in

the plant tissue cultures too.
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INTRODUCTION

Microbial contamination is one of the most serious
problems of plant cell and tissue culture. They are
usually introduced with the explant and some survive
surface sterilization of the explant as they are present
in the interior tissues. Microbial quality assurance
systems prevent contamination in large-scale
commercial micropropagation. Some common
contaminants are seen at different stages of tissue
culture and facilities needed to control them are given
in Table 1. However, improved strategies are required
mainly in two problem areas.
a. The detection of bacterial contaminants, and
b. The elimination of the fungal and bacteria
contamination from established plant tissues
cultures.

SOURCES OF CONTAMINATION

Contaminants are introduced with the explant, during
manipulation in the laboratory or by micro- arthropod
vectors. Gram-negative species Pseudomonas,
Corneybacteria, Enterobacter, Staphylococcus,
Erwinia and Agrobacterium species are usually found
when disinfecting procedure is inefficient like the

inefficient sterilization of media or inadequate training
of operator in aseptic techniques. Aseptic technique is
critical for the success of plant cell, tissue and organ
culture. Filamentous fungi and yeast contaminants may
be introduced with the explant or during the subsequent
in vitro stages. Specific fungus contaminant like
Fusarium or the rapid spread of fungal contamination
in specific growth rooms indicates the presence of mite
or thrip vectors. These micro arthropods actively enter
the culture vessels and thereby introduce fungal spores
and bacteria.

More recently, certain human pathogenic fungi
(Candida albicans) were shown to grow on plant tissue
culture. This risk of human infection is thought to be
high when fungal contaminated cultures are
transplanted into compost during weaning. Inoculation
of autotrophic cultures with human pathogenic bacteria
(isolates of Escherichia coli and Serratia marescens)
has shown that these can persist in plant tissue cultures
and may become pathogenic (o in vitro plants.

LATENT PERSISTENT CONTAMINATION
Contaminants may express themselves immediately
after introduction into plant tissue culture or can remain
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Tablel: Methods used for microbial production control in plant tissue culture to prevent contamination.

Stages of plant Parameters to be monitored.

tissue culture.

Indicators microorganisms

Equipment and facilities needed

Stage 0 Symptoms of viral bacterial
and fungal pathogen
Detection and identification of

viruses, bacteria and fungi

Stock plant
treatment

Active chlorine content in
hypochlorite solutions.

Stage 1
Surface sterilization.

Gram —negative bacteria
Pseudomonas fluorescens,

Hand lens and light microscope.

Selective bacterial media,
serological tests and DNA probes
and indicator plants.

Whatman indicator paper, arsenic
solution and titration column

Erwinia spp. and
Agrobacterium species

Stage 2 indexing Presence of viruses, bacteria
and fungi on explants after
surface disinfection.

1. Autoclaving

2. Media pouring

3. laminar flow cabinets

4. Instruments sterilization

Stage 3 Media
preparation

Stage 4 subculturing  Aseptic technique of operators.

of plants in

Bacillus spp.
Penicillium spp.
staphylococcus spp.

Staphylococcus spp.
Staphyloccous spp.

Depending on compound, indexing
media, serological test and Nucleic
acid hybridization.

Autoclave tape and temperature
indicators

Sterility testing of media

Testing of laboratory air and
laminar flow

Indexing media

Recording individual contamination

laboratory rates.

State 5 Air sterility sterility Steril storage and culture
Storage of media facilittaion.

and plants

Stage 7 Symptoms of virus, bacteria Gram- negative bacteia, Selective bacteriological media

Weaning of plants. and fungal pathogens

pseudomonas fluorescens
and Erwinia spp.

serological tests and indicators
plants sterile culture condition.

latent (not producing symptoms ‘on the plants and or
visible growth on plant media) for long periods of time.
Filamentous fungi and yeasts rarely remain latent in
vitro because plant tissue culture media provide all
essential nutrients required for growth of fungi (Danby
et. al, 1994).

Many common environmental bacteria grow rapidly
on plant tissue culture media and are pathogenic in
tissue culture. Others, like Pseudononas, xanthomonas
and Corynebacteria are not visually expressed on
specific plant media or do not produce Ssymptoms in
vitro, although they may reduce plant growth and
rooting rates. (Long et. al, 1988). Viruses and fastidious
bacteria (mycoplasm and rickettia like bacteria) cannot
grow outside their host plant or animal and fungal
vectors. These organisms are transmitted through the
explant materials. Sometimes these pathogens show
symptoms in vitro that are similar to those observed in
the fields. More often, however they often remain latent
invitro (Walkey, 1985) but become virulent after plants
are transferred to the field conditions.

Much research has been done on methods for
climination of these infective agents by shoot tip culture,
heat or cold treatment. Successful elimination therefore
has to be confirmed by serological, electron microscopy,
nucleic acid hybridization and PCR based molecular
techniques. Also, the suppression of those pathogens
by plant resistance mechanisms, antibiotic use or
medium acidification may result in too low cell numbers
in vitro material for detection of contaminants.

Bacterial contaminants often require growth factors/
vitamins which are not present in the plant tissue
culture media. Medium acidification and release of
antibacterial exudates by plant cell/tissue in culture can
suppress bacterial growth.

Latent contamination reduces the reliability of plant
cell/tissue culture systems, since even small changes
in environmental conditions (temperature, pH, medium
composition or transfer to the glasshouse) may allow
the rapid proliferation of the contaminant. This can
result in reduced plant growth and/or rooting or death
of plant cells/tissues and/or the expression of disease
symptoms after weaning of micropropagated plants
(Cookeet. al, 1992). Exudates from plantcells or tissues
provide additional growth factors for bacterial growth,
making the growth of bacterial contaminants dependent
on the plant tissue itself. Bacterial growth in plant tissue
culture is also closely dependent on the lemperature
regimes such as incubation temperature, high and low
temperature stress and increase in concentration of
plant exudates. Latent bacterial contaminants can
therefore become virulent (producing visible symptoms
on plants and or visible growth in the culture medium)
when culture environment is changed. Sometimes
transferring plants on rooting medium may increase
the concentration of plant exudates, resulting in
stimulation of bacterial growth (Cassells et. al., 1988).
Similarly, a rise in growth room temperature may result
in both increased exudations caused by high
temperature stress and more suitable growth
temperatures for bacteria.
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More recently it was known that many bacterial
pathogens (which cause diseases in plant growing in
natural or agricultural habitats) stay latent in vitro.
Similarly Agrobacterium tumefaciens (a plant
pathogenic bacterium which is used as a vector system
in genetic engineering) was shown to persist latently
in vitro, but to cause disease when plants are transferred
to in vivo conditions in the nursery (Cook et. al., 1992).
Agrobacterium based vector system may be released
into environment if contaminated plants are not
detected and discarded before the weaning of
transformed tissue cultured plants. Weller (1996) has
drawn attention to the possible risk associated with the
contamination of plant tissue with human pathogenic
bacteria and confirmed it by inoculation of plant tissue
cultures with human pathogenic bacteria.

REMOVAL OF CONTAMINANTS WITH
ANTIMICROBIALS AND BY MANIPULATION
OF CULTURE FACTORS.

Antimicrobial and antifungal compounds often fail to
eliminate all target organisms and have negative side
effects on the growth or rooting of plant tissue cultures.
Microbial quality assurance system is an efficient
approach against contamination of microorganisms
(used in commercial plant tissue and micropropagation
laboratories). Often bacterial growth is only suppressed
by antimicrobial treatments. But Gram negative
bacteria are difficult to eradicate completely from in
vitro plant cultures. The use of acidification was shown
to be preventing the establishment or proliferation of
bacterial contaminants in plant tissue cultures. It also
provides a cheap alternative to the prophylactic use of
antibiotics for certain in vitro systems.

There were many reports of failure to eliminate the
vector bacteria from tissue cultures of plants genetically
modified through Agrobacterium tumefaciens (Martin
et. al. 1990). Also, Agrobacterium tumefaciens
contamination could not be detected by visual
examination and indexing during growth on antibiotic
—containing media. It could be detected after plants
were transferred on to antibiotic free media. But in some
cases the sterility test media used can be inefficient for
detecting very low numbers of bacterial contaminants.
Sometimes serological or molecular detection methods
may also be unable to detect the contaminants. As a
result, there is increasing risk of the release of plants
contaminated with Agrobacterium in Agrobacterium
mediated transfer system.

In case of viruses, the antiviral chemical ribavarin
incorporated in the culture medium has been effective
against a range of plant viruses (Casells, 1998).

CONCLUSIONS
Microbial contamination in plant tissue culture is
associated with different kinds of pathogens. Some of
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the microbial contaminants are associated with micro-
arthropods vectors (Pype et. al, 1997). The best practice
for pathogen management is to follow the guide lines
for health certification of crops.

Using preventive microbiological quality assurance
scheme may reduce contamination losses during the in
vitro stages of plant tissue culture. However use of
antimicrobials compound, medium acidification and
the resistance mechanism shown by the plant cell/tissue
suppress the growth of the contaminants. If these
contaminants are not detected by microbiological,
serological or molecular test and not after detection
discarded, they will be propagated with the plant
materials and may become virulent during later stages
of in vitro culture or after weaning of plants. There is
also risk of contaminants of human pathogens that may
infect the tissue culture workers (Weller and Leifert,
1990).

Since Agrobacterium tumefaciens in Agrobacterium
based transformation systems have also been shown to
stay latent in vitro and there is risk of vectors systems
being released into the environment if the strict systems
are not implemented. Antibiotic treatments cannot
guarantee complete removal of Agrobacterium from the
plant and current available detection method cannot
guarantee the detection of contamination.
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