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Tissue culture conservation

Seed storage is the preferred conservation method. However, it is not feasible for

germplasm from clonal crops which are either vegetatively propagated and/or do

not produce seeds, or for species with short lived recalcitrant seeds. For some

genotypes, elite genetic combinations are only preserved through clonal means.

Their conservation is dictated by breeding strategy as heterozygosity does not

permit the maintenance of desired characteristics. Clonally propagated plants

incur special needs for their conservation. Common options for storage include

maintenance in field genebanks, and for species producing dormant vegetative

propagules, conservation in cold stores (Reed, 2001) called vegetative banks.

These approaches have limitations regarding efficiency, costs, security and long-

term maintenance. In vitro conservation, which involves maintenance of explants

in a sterile, pathogen-free environment is therefore preferentially applied to clonal

crop germplasm and multiplication of species that produce recalcitrant seeds, or

do not produce seeds. It also supports safe germplasm transfers under regulated

phytosanitary control. This modern technique has already been applied for

multiplication, storage and collection of germplasm of more than 1000 species.
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Dissemination of vegetatively propagated material

(photo: IITA)

In vitro genebanks and their relationships with other operations. IVAG = In vitro active genebank, utilising slow growth for

medium term storage (MTS) and IVBG = In vitro base genebank, utilising cryostorage. Critical points of security are indicated.

Based on IBPGR (1986).

Conservation in tissue culture in in vitro genebanks is often combined with cryopreservation. Cultures in the active genebank are

maintained by successive subculturing allowing culture renewal and distribution. For medium term storage, sub-culture intervals

are extended, reducing processing costs by arresting growth using cold treatments, adapted light conditions, culture medium

modifications (osmotic active compounds, growth retardants). This increases efficient use of resources and staff time and offsets

selection risks and contamination

Advantages

One of the major advantages of in vitro conservation of genetic resources is that

tissue culture collections can be cleaned to provide a source of disease-free

material. In vitro cultures are free of fungi and most bacteria while viruses can

still be present. Therefore careful virus indexing procedures need to be applied to

ensure material is disease free. Tissue culture storage also allows the

conservation of germplasm in a protected environment, aseptic plant production,

safe and easy international exchange of plant material and lower conservation

costs. It is most appropriate for rapid multiplication purposes, dissemination and

active collections.

Disadvantages
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Musa in vitro (photo: Bioversity)

Potato In vitro collection at International Potato

Centre (CIP), Lima, Peru”. (photo: M.E. Dulloo, by

kind permission of CIP, Peru)

Maintaining material as shoot tip or meristem cultures, even when applying

reduced growth conditions, remains labour intensive. It also involves the risk of

losing valuable germplasm through accidental contamination of cultures and

human error. Another major impediment of tissue culture storage under slow

growth conditions is the possibility of genetic instability due to somaclonal

variation (mutations that occur spontaneously in vivo or in vitro, whose frequency

is generally increased during in vitro culture).

Practical considerations

Security

Security measures should be compliant with safety and ethical authorities

regulations and guidelines, including observance of: (a) the Convention on

Biological Diversity, (b) the Material Transfer Agreement, with respect to genetic

resources exchange and (c) the International Plant Protection Convention.

Security should ensure:

Purity: freedom from contaminating organisms.

Authenticity: correct identity.

Stability: fit-for-purpose and trueness-to-type.

Good laboratory practices, application of aseptic techniques with careful

containment strategies, clear and accurate documentation and avoiding practices

that increase risks of genetic variation are all essential to ensure security of cultures.

Culture facilities

Research may be necessary to determine the appropriate environment to

successfully culture and grow materials of different species in in vitro cultures.

Some general guidelines are:

Use culture growth rooms with temperature control, lighting and shelving.

Aim for a room where the humidity is 40–50%. High humidity increases fungal

growth, while low humidity dries cultures and creates dust problems.

Use an isolated growth room for  in vitro explants of materials taken directly

from the field to allow time to detect insect infestations and prevent their

spread to other cultures.

Ensure a light intensity in the range from 10 to 1000 μmol S-1 m-2. Most plant

cultures require 50–200 μmol S-1 m-2.

Use ventilation systems or air-conditioning units to regulate temperature. Air

should not flow directly onto the cultures. Common growth room temperatures

range from 22ºC to 28ºC, depending on species requirements.

Back-up generators are advisable for areas with frequent power cuts to

control temperature and light.

Genetic stability during storage

Somaclonal variation, while a problem with plants regenerated from single cells, callus or adventitious buds, is not common in

plants micropropagated from axillary buds. The frequency of somaclonal variation occurring, gross chromosomal aberrations and

in vitro selection are enhanced in prolonged tissue culture. Exposure to minimal growth conditions over long periods of time can

also be expected to lead to genetic change. It is significant that asexually propagated species for germplasm conservation may
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display a higher frequency of somaclonal variation as compared to those where the propagule is a seed. Great care should be

taken to select culture practices to reduce this variation and ensure genetic integrity.

Preferred practices are:

Avoid using germplasm propagated via dedifferentiated and adventitious routes for conservation.

Select germplasm from young cultures because somaclonal variation increases and totipotency decreases during prolonged

culture. 

 

Medium term storage using slow growth

The objective of slow growth (or minimal growth) is to reduce the sub-culture interval to a critical level which does not impose a

long-term deleterious effect on the germplasm, or the stability of regenerated/regrown plants. However, slow growth treatments

incur some level of stress and it is essential to optimise regimes for each species for timing of sub-culture and regeneration.

Minimal growth storage is achieved via several treatments, applied singularly or in combination:

Physical growth limitation

Low temperature

Low light/restricted photoperiod

Minimal containment

Minimal O2

Osmotic (water) stress

Chemical growth limitation

Growth regulator retardation

Growth inhibitors

Minimal nutrition

Low macro nutrient levels

Low micro nutrients levels

Choice of treatment is largely species-dependent and dictated by the ability of specific cultures to withstand the stresses incurred.

 

Culture and storage protocols have been developed for several important vegetatively propagated crops, including banana,

cassava, potato, sweet potato, yam.

Banana - http://cropgenebank.sgrp.cgiar.org/index.php?option=com_content&view=article&id=545&Itemid=740&lang=english

Cassava - http://webapp.ciat.cgiar.org/asia_cassava/pdf/proceedings_workshop_02/136.pdf

Potato - http://www.cipotato.org/csd/Materials/Tissue/Capitulo4.pdf

Sweet potato - http://www.cipotato.org/csd/materials/Sweetpotato%202-4.asp

Yam - http://www.ejbiotechnology.info/content/vol1/issue3/full/2/bip/
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