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Plant Genetic Resources Conservation Strategies

Conservation of PGRs Diversity at three level
(Ecosystem, species and genetic)

Ex situ conservation In situ conservation

Seed Bank

Field Gene Bank

Botanical garden

In vitro conservation

Protected Area

Agroecosystem

(on-form)



In vitro conservation

• An ex situ conservation method
• Conservation of germplasm under in vitro

condition i.e. in artificial media, under
controlled environments and sterile conditions.



Need for In Vitro Conservation

• Many plant species do not produces seeds or produce
recalcitrant seed

• Erosion of genetic resources due to biotic and abiotic stresses

• Many plant species are highly heterozygous and vegetatively
propagated

• Conservation of germplasm of rare and endangered plant
species



Advantages of Tissue Culture Based 
In Vitro Conservation Technique

1. Prolonged maintenance of in vitro material 
provides an effective system for establishing 
both active and base germplasm collections 
particularly for the conservation and 
maintenance of those plant species that 
cannot be stored as true seed and are 
amenable to micropropagation technology

2. High multiplication rate

3. Aseptic maintenance



4. Easier visual assessment of viability

5. Relatively less space requirement

6. Reduced labour cost

7. No genetic erosion

8. Ready availability of material for distribution



In Vitro ConservationIn Vitro Conservation

Cryopreservation
Maintenance under 
Normal Growing 
Conditions

Maintenance under
Growth limitation

Long Term 
Conservation

Short to Medium
Term Conservation

Germplasm under
Suspended Growth

Germplasm in
Growing State



A Best Method for Long Term Preservation of Plant
Germplasm as well as Biotech-derived Clonally Propagated
Germplasm

Cryopreservation of clonal materials at ultra low temperature 
(e.g. Liquid Nitrogen) offers several advantages 

•Indefinite storage life with reduced space requirement

•Metabolic processes are suspended until tissue revival 

•Minimal genetic instability is expected in cryopreserved 
tissue 

•Freedom from labor-intensive sub culturing and other 
maintenance tasks

CryopreservationCryopreservation



Large scale utilization of cryopreservation implies
scaling up of the amount of material to be handled and
stored, from one or a few genotype in the laboratory to
several tens, hundred, or even thousands in cryobank.

Cryopreservation imposes a series of stresses to plant
material, which is susceptible to induced
modifications in cryopreserved cultures and
regenerated plants.

No modification has been observed at the
phenotypical, biochemical, chromosomal, or
molecular level which could be attributed to
cryopreservation.



Various Explant and Genetic Materials can 
be Cryopreserved 

Cell Culture

Shoot Tip and
other Explant

Somatic Embryos

Synthetic Seeds

Explant and Genetic
Materials

Pollen DNA



Commonly Used Cryopreservation Techniques Commonly Used Cryopreservation Techniques 

Slow-Cooling 

Vitrification

Reliable for preservation of callus, 
cell suspension, and somatic 
embryogenic cultures

Suitable for cryopreservation of 
complex tissues with heterogeneous 
cell types e.g. shoot tips and  somatic 
embryos for true-to-type germplasm 
conservation

Encapsulation dehydration

Encapsulation-vitrification

Desiccation

Vitrification-based 
techniques currently 
available



Several steps of Cryopreservation

Selection of Starting 
materials

Cell Suspensions, Calluses, Shoot tips,
Somatic embryos etc.

Preculture or 
Pretreatment

Explants should be precultured on a 
standard medium for minimum 1-2days. 
This culture period allows explants to 
recover from the dissection stress.

Cryoprotection, 
Desiccation or 
Dehydration

Desiccated  by sterile dry air flow
(for 3-5 hrs)

Sucrose, DMSO, Ethylene glycol and
Glycerol as a Cryoprotectant or
Dehydration agent



Freezing

Storage

Slow-cooling
Two step freezing protocol
Firstly sample placed on prefreezing
Temperature then plunge in LN

Vitrification-based Cryopreservation
Direct immersion of sample in LN
( Rapid Cooling)

Samples usually stored in the vapors 
of Liquid Nitrogen (-150 0C) or 
immersed in Liquid Nitrogen (-1960C)



Rewarming or
Thawing

Immersing the cryotubes containing 
Sample in a water-bath thermostated 
at 37-400C
Avoid the possibility of damaging ice
recrystallization

Post-thaw
Recovery

After rewarming, sample should be 
placed in optimal condition of growth
In some cases, sample are placed in dark 
or under reduced light for several days 
before transferred on optimal condition 
( To reduce detrimental photo-oxidation) 

Regrowth



Encapsulation-Dehydration Method

Encapsulation of 
Explants in 
Calcium Alginate
( Sodium alginate + 
Calcium
chloride solution)

Preculture in High 
Sucrose Medium
( Sucrose + Glycerol)

Desiccation
(Sterile Air 
Flow 3-5 hrs)

Cryovials

Fast Freezing

Slow 
cooling

Liquid Nitrogen
(-1960C)Thawing

Regrowth



Vitrification Method

Plant Material
(Preculture)

Loading Treatment
(Loading sol. of Glycerol
+sucrose or sorbitol at 
25 0C) Vitrification Solution

or Cryoprotectant
(DMSO, Ethylene 
glycol, Glycerol and
/or others

Dehydration

Liquid Nitrogen
(-1960C)

At 25 or 0 0C

Thawing

Water-bath
37- 400C

Discard 
Cryop-
rotectant

A series of Sucrose 
(1.2 to 0.4 M)

in MS Liquid
medium

Explants
washing

Regrowth

Fresh Medium ( Rapid 
Cooling)



a. Potato shoot tips after 3 days of 
vitrification,

b. Development of shoots,

c. Normal potato plant recovered from 
cryopreservation

Plant regeneration From cryopreserved shoot tips
of potato after vitrification.



Short Term Conservation

Maintenance under
Normal Growing 
Conditions

(Normal growth)

This method has been useful
for slow growing culture

Subsequently 
Subculturing

Maintenance under 
Growth Limiting 
Conditions

(Slow growth)



Maintenance under Growth Limitations

1. Minimal rate of Growth (Restrict the growth culture)
- Use of sucrose at increased or decreased level in medium

- Change of mineral content in medium

- Change in medium strength

2. Growth Retardants (Reduce the overall growth rate
of cultures)

ie.    ABA (Abscisic acid), MH (Maleic hydrazide) etc.

Limitation - Higher exposure of growth retardants causes sometimes
stunted and abnormal growth of in vitro grown plant.
Higher exposure of growth retardants may lead to the
selection of lines with resistance or tolerance to the
growth retardants.



3. Osmotic Regulators ( Restricting the growth 
of many plants)

Sugar alcohol ie. Sorbitol & Mannitol

4. Cold Storage of Encapsulated explants at low
temperature 

ie. Somatic embryos, Shoot tips, Nodal explants, 
Axillary buds etc.

5. Other Factors

• Reduced temperature and light intensity

• Reduction in oxygen concentration

• Combination of more than one treatment



Production of synthetic seeds by encapsulating somatic embryos,
shoot buds or any other meristmatic tissue



Artificially encapsulated somatic embryos,
shoots, or other tissues which can be used for
sowing under in vitro or ex vitro conditions, that
are able to grow into a plantlet after sowing

Synthetic Seeds or Artificial Seeds



• In many plant species, seed propagation is not successful.
This may be due to heterozygosity of seeds, minute seed
size, presence of reduced endosperm, low germination rate,
and also because some are having seedless varieties

• Many plants have characteristics that make it difficult to
conserve them by using traditional methods. Many species
have desiccation-sensitive intermediate (i.e. papaya, banana,
citrus etc.) or recalcitrant seeds (i.e. mango, avocado, litchi,
jackfruits etc.) and can be stored only for from weeks to few
months.

• Distribution and exchange from field gene banks are difficult
because of vegetative nature of the material and greater risk
of disease transfer

Why synthetic seed ?



• Helps in minimizing the cost of micropropagated plantlets for 
commercialization and final delivery

• Synthetic seeds can be made throughout the year

Rai  et al. (2009) Biotech Adv 27: 671-679



Propagation

Conservation

Transport

Rare and Endangered Plants
Elite Genotype
Genetically Engineered Plants
Seedless Plants
Commercially important plants  

Long and Short Term Storage

Exchange of Axenic Plant 
Material Free of Undesirable 
Contaminants 

Scope of Synthetic Seeds



1. Maintenance under reduced temperature
and/or reduced light intensity

2. Use of growth retardants such as ABA
(Abscisic acid)

3. Use of minimal growth medium (restrict the
growth of cultures by alteration of mineral
content and/or sucrose in medium)

4. Use of osmoticum (i.e. mannitol, sorbitol,
high sucrose concentrations etc.)

5. Reduction in oxygen concentration
6. Combination of more than one treatment.

In vitro conservation of 
synthetic seed

Long term 
conservation

Short to medium
term conservation

Cryopreservation

• Encapsulation-dehydration
• Encapsulation-vitrification

(synthetic seed based 
cryopreservation)



History of synthetic seeds

The concept of synthetic seeds was first published by Murashige
(1977).

First report on the construction of synthetic seeds was published
in 1982 by S. Kitto and J. Janick, which described the coating of
multiple carrot somatic embryos with a water-soluble resin,
Polyethyleneoxide (Polyox) (Desiccated synthetic seeds)

Redenbaugh et al. (1984) were successful in producing
monoembryonic synthetic seeds of alfalfa by encapsulating
somatic embryos with alginate hydrogel (Hydrated synthetic
seeds)



Sodium alginate sol. (2-4%)

Insert explant

Complexes in CaCl2 .2H2O
(75-100 mM)

Wash capsule with DDW

Explant

Explants in sodium alginate

Synthetic seeds

How to prepare a synthetic seed



Na-Alginate + Ca2+

Calcium Alginate

Ion exchange

Mechanism of Hydrated 
synthetic seeds



Synthetic seeds: Explants

(A) Embryogenic propagules

Somatic embryos

Embryogenic masses

(B) Vegetative propagules

Axillary buds

Shoot tips

Nodal segments

Protocorms or protocorm  like bodies (PLBs)



Explants for Synthetic Seeds in Guava

A.Embryogenic Propagules
Somatic Embryos

ET

ST

ET – Elongated Torpedo Stage Somatic Embryo
ST – Short Torpedo Stage Somatic Embryo



B. Vegetative Propagules
Shoot tips
Nodal segments

Encapsulated
Shoot tips

Encapsulated
Nodal segments



Production of synthetic seeds and plant regeneration 
through encapsulation of embryogenic propagules

Encapsulation of somatic
embryos of Psidium guajava 



Encapsulation of nodal segments 
of Psidium guajava 

Production of synthetic seeds
and plant regeneration through
encapsulation of vegetative
propagules



Production of synthetic seeds  and plant regeneration 
through encapsulation of vegetative propagules

Encapsulation of shoot tip of 
Withania somnifera 



Plantlet regeneration
of Solanum nigrum
L. from encapsulated
shoot tips



Shortening of breeding cycle

Not season dependent

Shortening seed dormancy

Overcoming of self sterility of seeds

Maintain genetic uniformity of plant

It provide high volume and low cost propagation

Germplasm storage

Advantages of synthetic seeds



Shortening of breeding cycle

Not season dependent

Shortening seed dormancy

Overcoming of self sterility of seeds

Maintain genetic uniformity of plant

It provide high volume and low cost propagation

Germplasm storage

Advantages of synthetic seeds



Limitations of synthetic seeds

 Limited production of viable micropropagules in
synthetic seed production

 Anomalous and asynchronous development of
somatic embryos

 Improper maturation of somatic embryos that make
them inefficient for germination and conversion
into normal plant

 Lack of dormancy in somatic embryos that limit
the storage of synthetic seeds

 Poor conversion of even apparently normally
mature somatic embryos and other
micropropagules into plantlets that limit the value
of synthetic seeds and ultimately technology itself



Limitations of In Vitro Conservation Technique

• Recalcitrance to tissue culture technology in some  
species

• In vitro culture conditions to be workout for each 
species (Sometime for a genotype)

• Time consuming for initial preparation and 
maintenance

• Loss of morphogenic potential with the passage of 
time


