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Important to understand: 

• Definition ? 

• Why do plant tissue culture ? 

• How is the technique/steps ? 

• What is needed? 

 

 



 





 



 



 





 



Combination of auxins-cytokinins is needed in tissue culture 

 



 



Type of in vitro culture 

• Culture of intact plants (Seed orchid culture) 
• Embryo culture (embryo rescue) 
• Organ culture 
 1. shoot tip culture 
 2. Root culture 
 3. Leaf culture 
 4. anther culture 
• Callus culture 
• Cell suspension and single cell culture 
• Protoplast culture 



Culture of intact plant (seed orchid culture) 
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Cont… 

1. Orchid pod 

2. Sterilisation of the pod 

 2.a. Chemically sterilisation 

 2.b. Physically sterilisation  

3. Cutting the pod 

4. Sowing the seed 

5. Orchid seed 

6. Early growth protocorm  

7. Growing shoot 

8. Shoot propagation (subculturing) 

9. Planlet 

 

 

 



Embryo culture (embryo rescue) 

Abortion of embryos at one or the other stage of 
development is a characteristic feature of distant 
hybridization. E.g the crossing of two species or varieties often 
fails when using distant parents who do not share many 
chromosomes. Embryo rescue is the process when plant 
breeders rescue inherently weak, immature or hybrid 
embryos to prevent degeneration. Common in lily hybridizing 
to create new interspecific hybrids between the various lily 
groups (such as Asiatic, Oriental, Trumpet, etc) 
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Lilium Embryo Rescue 
The ER seedpod should be “somewhere” between 
forty and sixty days old – too young, and the embryos 
will be too tiny to find without a long and frustrating 
search – and anything that slows you down increases 
the chance of airborne contaminants getting into the 
act. A seed that is too mature will be dry and difficult 
to open - there may be no food-supply and the 
embryo has “starved to death,” or if one is present it 
may be woody, and the embryo impossible to 
extricate from it without damage. Even if you do get it 
out intact, a wide-cross embryo may already have 
been poisoned by chemicals in the endosperm, and 
die anyway (like the occasional blood-type problems 
in human pregnancies.)  

The trouble is, every cross is different - too early for one may be too late for another. In general, the ER seedpod 
should be green and still hard, or just barely beginning to soften; if your pods are ready and you aren’t, you can 
hold them in plastic bags in the refrigerator – dry, so they don’t get moldy – for up to several weeks, while you 
get your supplies together. If you open a pod and find that it was immature, you can let it ripen slowly in the 
fridge – I have to admit that hasn’t worked for me, but as Judith says, you never know; it’s always worth a try! 
It is always a good idea to open a pod cautiously, and examine the contents under the hood, one chamber at a 
time – in the case of the unexpectedly productive Aurelian/Oriental cross above, I quickly ran out of prepared 
tubes and had to stash the rest of the pod in the refrigerator for two days, while I made up more. (As you may 
have figured, the contamination-rate of that batch was high, though I still had plenty left!)  



Polyembryony in non-apomictic citrus genotypes 
Pablo Aleza1, José Juárez1, Patrick Ollitrault1,2 and Luis Navarro1,* 

 Background and Aims Adventitious embryony from nucellar cells 
is the mechanism leading to apomixis in Citrus sp. However, 
singular cases of polyembryony have been reported in non-
apomictic genotypes as a consequence of 2x × 4x hybridizations 
and in vitro culture of isolated nucelli. The origin of the plants 
arising from the aforementioned processes remains unclear.  
 
Methods The genetic structure (ploidy and allelic constitution with 
microsatellite markers) of plants obtained from polyembryonic 
seeds arising from 2x × 4x sexual hybridizations and those 
regenerated from nucellus culture in vitro was systematically 
analysed in different non-apomictic citrus genotypes. Histological 
studies were also conducted to try to identify the initiation process 
underlying polyembryony.  

Key Results All plants obtained from the same undeveloped seed in 2x × 4x hybridizations 
resulted from cleavage of the original zygotic embryo. Also, the plants obtained from in vitro 
nucellus culture were recovered by somatic embryogenesis from cells that shared the same 
genotype as the zygotic embryos of the same seed.  
 
Conclusions It appears that in non-apomictic citrus genotypes, proembryos or embryogenic 
cells are formed by cleavage of the zygotic embryos and that the development of these 
adventitious embryos, normally hampered, can take place in vivo or in vitro as a result of two 
different mechanisms that prevent the dominance of the initial zygotic embryo.  
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Callus Culture 

• Is a natural response of the plant tissue to wounding 

• A mass of actevily dividing undifferentiated cells 
produced by plant tissue explant 

• Cell are totipotent 

• Callus can be 

 - Resuspended in liquid media to create  

   suspension culture of single totipotent cells 

 - or differentiated into plant with the appropriate  

   manipulations of culture conditions 



Somatic Embryogenesis 

 The process of initiation and development of 

embryos or embryo-like structures from somatic 

cells  

 The production of embryos from somatic or “non-

germ” cells. 

 Usually involves a callus intermediate stage which 
can result in variation among seedlings 

 Not a common micro-propagation technique but is 

currently being used to produce superior pine 

seedlings 



Embryo somatic  



Somatic Embryogenesis in Peach Palm 
 D. A. Steinmacher1,†, N. G. Krohn1, A. C. M. Dantas1, V. M. Stefenon1, C. R. Clement2,‡ and M. P. Guerra1,*‡ 
 

Somatic embryogenesis and plantlet regeneration from thin cell layers of peach palm. (A) 
Primary callus (arrow). (B) Primary callus induction from shoot meristem TCL: note the 
development of primary callus (arrow) in tissue surrounding the shoot meristem. (C) 
Embryogenic callus from shoot meristem TCL: note the development of the shoot meristem 
(thick arrow) and embryogenic callus (thin arrow). (D) Somatic embryo development (arrow) 
from primary callus. (E) Embryogenic callus on maturation culture medium. (F) Plantlets 
obtained from converted somatic embryos. (G) Acclimatized plantlets. Scale bars: A = 1 mm; 
B–D = 2·5 mm; E = 1 cm; F, G = 2·5 cm.  

Schematic diagram showing the origin 
of the explants utilized in the present 
study (dark scale bar = 1·75 cm, 
white scale bar = 3 mm).  
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Organ culture (Organogenesis) 

 The process of initiation and development of a 
structure that shows natural organ form and/or 
function. 

 the ability of non-meristematic plant tissues to 
form various organs de novo. 

 the production of roots, shoots or leaves. 

 These organs may arise out of pre-existing 
meristems or out of differentiated cells. 

 



Organogenesis (cont…) 

 Adventitious shoot formation is the de-novo 

development of shoots from cell clusters in the 

absence of pre-existing meristems. 

 In some species (e.g. Saintpaulia), many shoots 

can be induced (3000 from one leaf). 

 In other species (e.g. coffee), it may be 

necessary to induce an un-organised mass 

proliferation of cells (callus) prior to 

adventitious shoot formation. 



Organogenesis (Cont…) 

 Indirect: 

– This pathway includes a callus 

stage. 

• Callus: Undifferentiated tissue 

that develops on or around an 

injured or cut plant surface or 

in tissue culture.  

 Direct: 

– It bypasses a callus stage. The 

cells in the explant act as 

direct precursors of a new 

primordium 

• An organ or a part in its most 

rudimentary form or stage of 

development  



Somatic Embryogenesis and 

Organogenesis 

• Both of these technologies can be used as 
methods of micro-propagation. 

• Not always desirable because they may 
not always result in populations of 
identical plants. 

• The most beneficial use of somatic 
embryogenesis and organogenesis is in 
the production of whole plants from a 
single cell (or a few cells). 



Breeding Applications  of Tissue 

Culture 

Micropropagation 

Germplasm preservation 

Somaclonal variation 

Embryo culture 

Haploid & dihaploid production 

In vitro hybridization – protoplast fusion 

Plant genetic engineering 



Micropropagation 

• The art and science of plant multiplication in 
vitro 

• Usually derived from meristems (or vegetative 
buds) without a callus stage 

– Tends to reduce or eliminate somaclonal variation, 
resulting in true clones 

• Can be derived from other explant or callus 
(but these are often problematic) 



Micropropagation 

 

• Embryogenesis 
– Direct embryogenesis 

– Indirect embryogenesis 

• Organogenesis 
– Organogenesis via callus formation 

– Direct adventitious organ formation 

• Microcutting 
– Meristem and shoot tip culture 

– Bud culture 

 



Steps of Micropropagation 

• Stage 0 – Selection & preparation of the mother plant 
– sterilization of the plant tissue takes place 
 

• Stage I  - Initiation of culture 
– explant placed into growth media 
 

• Stage II - Multiplication 
– explant transferred to shoot media; shoots can be constantly divided 
 

• Stage III - Rooting 
– explant transferred to root media 
 

• Stage IV - Transfer to soil 
– explant returned to soil; hardened off 





Features of Micropropagation 

• Clonal reproduction 
– Way of maintaining heterozygozity 

• Multiplication Stage can be recycled many times to 
produce an unlimited number of clones 
– Routinely used commercially for many ornamental species, 

some vegetatively propagated crops 

• Easy to manipulate production cycles 
– Not limited by field seasons/environmental influences 

• Disease-free plants can be produced 
– Has been used to eliminate viruses from donor plants 



Microcutting 

• This is a specialized form of organogenesis 

• It involves the production of shoots from pre-
existing meristems only. 

• Requires breaking apical dominance 

• Microcuttings can be one of three types: 

– Nodal 

– Shoot cultures 

– Clump division 



Protoplasts 

•Created by degrading the cell wall 

using enzymes 

•Very fragile, can’t be pipette 

 Mechanical method 

 Enzymatic method 



Protoplast Fusion 

•Protoplast can be induced to fuse with one 
another: 

–Electrofusion: A high frequency AC field is applied between 2 
electrodes immersed in the suspension of protoplasts- this induces 
charges on the protoplasts and causes them to arrange themselves in 
lines between the electrodes. They are then subject to a high voltage 
discharge which causes them membranes to fuse where they are in 
contact. 

–Polyethylene glycol (PEG): causes agglutination of many 
types of small particles, including protoplasts which fuse when 
centrifuged in its presence 

–Addition of calcium ions at high pH values  



Uses for Protoplast Fusion 

•Combine two complete genomes 

–Another way to create allopolyploids 

•Partial genome transfer 

–Exchange single or few traits between species 

–May or may not require ionizing radiation 

•Genetic engineering 

–Micro-injection, electroporation, Agrobacterium 

•Transfer of organelles 

–Unique to protoplast fusion 

–The transfer of mitochondria and/or chloroplasts between 
species 



Possible Result of Fusion of Two 

Genetically Different Protoplasts 

= chloroplast 

= mitochondria 

= nucleus 

Fusion 

heterokaryon 

cybrid cybrid hybrid 
hybrid 



Identifying Desired Fusions 

•Complementation selection 

–Can be done if each parent has a different selectable marker (e.g. 

antibiotic or herbicide resistance), then the fusion product should have 

both markers 

•Fluorescence-activated cell sorters 

–First label cells with different fluorescent markers; fusion product 

should have both markers 

•Mechanical isolation 

–Tedious, but often works when you start with different cell types 

•Mass culture 

–Basically, no selection; just regenerate everything and then screen for 

desired traits 



Example of Protoplast Fusion 

 Protoplast fusion between male sterile cabbage and normal 

cabbage was done, and cybrids were selected that contained 

the radish mitochondria and the cabbage chloroplast 

 

 Current procedure is to irradiate the cytoplasmic donor to 

eliminate nuclear DNA – routinely used in the industry to re-

create male sterile brassica crops 



Industrial Applications 

• Secondary metabolites produced by plants 

– Alkaloids, Terpenoids, Steroids, Anthocyanins, 

Anthraquinones, Polyphenols 

• Often unclear function in the plant 

• Often restricted production (specific species, tissue or 

organ) 

• Many are commercially valuable 

• Cell culture techniques allow large-scale production of 

specific secondary metabolites 



Cell culture systems 

• An unorganised mass of cells 
• Equimolar amounts of auxin 

and cytokinin stimulate cell 
division 

 

 Callus 

 Cell suspension culture 

Callus 



Cell suspension culture 

When callus pieces are agitated in a 

liquid medium, they tend to break up. 

Suspensions are much easier to bulk up 

than callus since there is no manual 

transfer or solid support. 

 



Introduction of callus into suspension 

 „Friable‟ callus goes 

easily into 

suspension. 

– 2,4-D 

– Low cytokinin 

– semi-solid medium 

– enzymic digestion 

with pectinase 

– blending 

 Removal of large cell 

aggregates by 

sieving. 

 Plating of single cells 

and small cell 

aggregates - only 

viable cells will grow 

and can be re-

introduced into 

suspension. 



Introduction into suspension 

+ 

Plate out 

Sieve out lumps 

1  2 

Pick off 

growing 

high 

producers 

Initial high 

density 

Subculture 

and sieving 



Plant genetic engineering 

• Overview of requirements 

for plant genetic 

transformation 

• Development of GM foods 

• Genes for crops 

• Benefits of GM crops, 

especially in developing 

countries 

 

• How to get genes into cells 

to give transformed cells 

• How to get a  plant back 

from a single transformed 

cell 



Requirements for plant genetic 

transformation 

• Trait that is encoded by a single gene 

• A means of driving expression of the gene in plant 

cells (Promoters and terminators) 

• Means of putting the gene into a cell (Vector) 

• A means of selecting for transformants 

• Means of getting a whole plant back from the 

single transformed cell (Regeneration) 


