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Plant tissue culture 
 
 
Introduction 
Most methods of plant transformation applied to 
GM crops require that a whole plant is 
regenerated from isolated plant cells or tissue 
which have been genetically transformed. This 
regeneration is conducted in vitro so that the 
environment and growth medium can be 
manipulated to ensure a high frequency of 
regeneration. In addition to a high frequency of 
regeneration, the regenerable cells must be 
accessible to gene transfer by whatever 
technique is chosen. The primary aim is therefore 
to produce, as easily and as quickly as possible, 
a large number of regenerable cells that are 
accessible to gene transfer. The subsequent 
regeneration step is often the most difficult step 
in plant transformation studies. However, it is 
important to remember that a high frequency of 
regeneration does not necessarily correlate with 
high transformation efficiency. 
This chapter will consider some basic issues 
concerned with plant tissue culture in vitro, 
particularly as applied to plant transformation. It 
will also look at the basic culture types used for 
plant transformation and cover some of the 
techniques that can be used to regenerate whole 
transformed plants from transformed cells or 
tissue. 
 
Plant tissue culture 
Practically any plant transformation experiment 
relies at some point on tissue culture. There are 
some exceptions to this generalisation, but the 
ability to regenerate plants from isolated cells or 
tissues in vitro underpins most plant 
transformation systems. 

Plasticity and totipotency 
Two concepts, plasticity and totipotency, are 
central to understanding plant cell culture and 
regeneration. 
 
Plants, due to their sessile nature and long life 
span, have developed a greater ability to endure 
extreme conditions and predation than have 
animals. Many of the processes involved in plant 
growth and development adapt to environmental 
conditions. This plasticity allows plants to alter 
their metabolism, growth and development to 
best suit their environment. Particularly 
important aspects of this adaptation, as far as 
plant tissue culture and regeneration are 
concerned, are the abilities to initiate cell division 
from almost any tissue of the plant and to 
regenerate lost organs or undergo different 
develop- mental pathways in response to 
particular stimuli. When plant cells and tissues 
are cultured in vitro they generally exhibit a very 
high degree of plasticity, which allows one type of 
tissue or organ to be initiated from another type. 
In this way, whole plants can be subsequently 
regenerated. 
This regeneration of whole organisms depends 
upon the concept that all plant cells can, given 
the correct stimuli, express the total genetic 
potential of the parent plant. This maintenance of 
genetic potential is called ‘totipotency’. Plant cell 
culture and regeneration do, in fact, provide the 
most compelling evidence for totipotency. 
In practical terms though, identifying the culture 
conditions and stimuli required to manifest this 
totipotency can be extremely difficult and it is still 
a largely empirical process. 
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The culture environment 
When cultured in vitro, all the needs, both chemical 
(see Table 1) and physical, of the plant cells have to 
met by the culture vessel, the growth medium and 
the external environment (light, temperature, etc.). 
The growth medium has to supply all the essential 
mineral ions required for growth and development. 
In many cases (as the biosynthetic capability of cells 
cultured in vitro may not replicate that of the parent 
plant), it must also supply additional organic sup- 
plements such as amino acids and vitamins. Many 
plant cell cultures, as they are not photosynthetic, 
also require the addition of a fixed carbon source in 
the form of a sugar (most often sucrose). One other 
vital component that must also be supplied is water, 
the principal biological solvent. Physical factors, 
such as temperature, pH, the gaseous environment, 
light (quality and duration) and osmotic pressure, 
also have to be maintained within acceptable limits. 
 
Plant cell culture media 
Culture media used for the in vitro cultivation of plant 
cells are composed of three basic components: 
(1) essential elements, or mineral ions, supplied as 
a complex mixture of salts; 
(2) an organic supplement supplying vitamins 
and/or amino acids; and 
(3) a source of fixed carbon; usually supplied as 
the sugar sucrose. 
 
Table 1 Some of the elements important for plant nutrition and their 

physiological function. These elements have to supplied by the culture 

medium in order to support the growth of healthy cultures in vitro 

Element     Function 

Nitrogen:    Component of proteins, nucleic acids and some coenzymes  

Element required in greatest amount 

Potassium:  Regulates osmotic potential, principal inorganic cation  

Calcium:    Cell wall synthesis, membrane function, cell signalling  

Magnesium: Enzyme cofactor, component of chlorophyll 

Phosphorus: Component of nucleic acids, energy transfer, component of  

intermediates in respiration and photosynthesis 

Sulphur:    Component of some amino acids (methionine, cysteine)  

and some cofactors 

Chlorine:    Required for photosynthesis 

Iron:        Electron transfer as a component of cytochromes  

Manganese: Enzyme cofactor 

Cobalt:     Component of some vitamins 

Copper:    Enzyme cofactor, electron-transfer reactions   

Zinc:       Enzyme cofactor, chlorophyll biosynthesis  

Molybdenum:Enzyme cofactor, component of nitrate reductase 

 
For practical purposes, the essential elements are 
further divided into the following categories: 
(1) macroelements (or macronutrients); 
(2) microelements (or micronutrients);  

(3) an iron source. 
 
Complete, plant cell culture medium is usually 
made by combining several different components, 
as outlined in Table 2. 
 
Media components 
It is useful to briefly consider some of the individual 
components of the stock solutions. 
 
Macroelements 
As is implied by the name, the stock solution 
supplies those elements required in large amounts 
for plant growth and development. Nitrogen, 
phosphorus, potassium, magnesium, calcium and 
sulphur (and carbon, which is added separately) 
are usually regarded as macroelements. These 
elements usually comprise at least 0.1% of the dry 
weight of plants. 
 

 
Table.2 Composition of a typical plant culture medium. The medium described here is  

that of Murashige and Skoog (MS)a
 

 
 

a Many other commonly used plant culture media (such as Gamborg’s B5 and Schenk and 
Hildebrandt (SH) medium) are similar in composition to MS medium and can be thought 
of as ‘high-salt’ media. MS is an extremely widely used medium and forms the basis for 
many other media formulations. 
b 50 ml of stock solution used per litre of medium. 
c 5 ml of stock solution used per litre of medium. 
d Added as solid. 

Essential element Concentration in stock 
solution (mg/l) 

Concentration 
in medium (mg/l) 

 

Macroelementsb   
NH4NO3 33 000 1 650 
KNO3 38 000 1 900 
CaCl2.2H2O 8 800 440 
MgSO4.7H2O 7 400 370 
KH2PO4 3 400 170 
Microelementsc   
KI 166 0.83 
H3BO3 1 240 6.2 
MnSO4.4H2O 4 460 22.

 ZnSO4.7H2O 1 720 8.6 
Na2MoO4.2H2O 50 0.25 
CuSO4.5H2O 5 0.025 
CoCl2.6H2O 5 0.025 
Iron sourcec   
FeSO4.7H2O 5 560 27.

 Na2EDTA.2H2O 7 460 37.
3 Organic supplementc   

Myoinositol 20 000 100 
Nicotinic acid 100 0.5 
Pyridoxine-HCl 100 0.5 
Thiamine-HCl 100 0.5 
Glycine 400 2 
Carbon sourced   
Sucrose Added as solid 30 000 

 
 
Nitrogen is most commonly supplied as a mixture of 
nitrate ions (from the KNO3) and ammonium ions 
(from the NH4NO3). Theoretically, there is an 
advantage in supplying nitrogen in the form of 
ammonium ions, as nitrogen must be in the reduced 
form to be incorporated into macromolecules. Nitrate 
ions therefore need to be reduced before 
incorporation. However, at high concentrations, 
ammonium ions can be toxic to plant cell cultures 
and uptake of ammonium ions from the medium 
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causes acidification of the medium. In order to use 
ammonium ions as the sole nitrogen source, the 
medium needs to be buffered. High concentrations 
of ammonium ions can also cause culture 
problems by increasing the frequency of vitrification 
(the culture appears pale and ‘glassy’ and is usually 
unsuitable for further culture). Using a mixture of 
nitrate and ammonium ions has the advantage of 
weakly buffering the medium as the uptake of nitrate 
ions causes OH– ions to be excreted. 
Phosphorus is usually supplied as the phosphate ion 
of ammonium, sodium or potassium salts. High 
concentrations of phosphate can lead to the 
precipitation of medium elements as insoluble 
phosphates. 
 
Microelements 
These elements are required in trace amounts for 
plant growth and development, and have many and 
diverse roles. Manganese, iodine, copper, cobalt, 
boron, molybdenum, iron and zinc usually comprise 
the microelements, al- though other elements such 
as nickel and aluminium are frequently found in 
some formulations. 
Iron is usually added as iron sulphate, although iron 
citrate can also be used. Ethylenediaminetetraacetic 
acid (EDTA) is usually used in conjunction with the 
iron sulphate. The EDTA complexes with the iron so 
as to allow the slow and continuous release of iron 
into the medium. Uncomplexed iron can precipitate 
out of the medium as ferric oxide. 
 
Organic supplements 
Only two vitamins, thiamine (vitamin B1) and 
myoinositol (considered a B vitamin) are considered 
essential for the culture of plant cells in vitro. How- 
ever, other vitamins are often added to plant cell 
culture media for historical reasons. 
Amino acids are also commonly included in the 
organic supplement. The most frequently used is 
glycine (arginine, asparagine, aspartic acid, alanine, 
glutamic acid, glutamine and proline are also used), 
but in many cases its inclusion is not essential. 
Amino acids provide a source of reduced nitrogen 
and, like ammonium ions, uptake causes 
acidification of the medium. Casein hydrolysate can 
be used as a relatively cheap source of a mix of 
amino acids. 

 
Carbon source 
Sucrose is cheap, easily available, readily 
assimilated and relatively stable and is therefore the 
most commonly used carbon source. Other 
carbohydrates (such as glucose, maltose, galactose 
and sorbitol) can also be used, and in specialised 
circumstances may prove superior to sucrose. 
 
Gelling agents 
Media for plant cell culture in vitro can be used in 
either liquid or ‘solid’ forms, depending on the type of 
culture being grown. For any culture types that 
require the plant cells or tissues to be grown on the 
surface of the medium, it must be solidified (more 
correctly termed ‘gelled’). Agar, produced from 
seaweed, is the most common type of gelling agent, 
and is ideal for routine applications. However, 
because it is a natural product, the agar quality can 
vary from supplier to supplier and from batch to 
batch, a range of purer (and in some cases, 
considerably more expensive) gelling agents are 
available. Purified agar or agarose can be used, as 
can a variety of gellan gums. 
 
Summary 
These components, then, are the basic ‘chemical’ 
necessities for plant cell culture media. However, 
other additions are made in order to manipulate the 
pattern of growth and development of the plant cell 
culture. 
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List of the related products  

Item No. Product Name Specification CAS Pkg. 
A100953 (±)-Abscisic acid  99% 14375-45-2  100mg 
A120562 Adenine For cell culture, ≥99.5% (HPLC) 73-24-5 5g, 25g, 100g 
A120564 Ancymidol For plant cell culture,≥98.0%(HPLC) 12771-68-5 25mg, 100mg 
B109255 6-Benzylaminopurine For plant cell culture,≥99.0% 1214-39-7  250mg, 1g, 5g, 

3 
 

http://www.aladdin-e.com/categorybrowse.do?category_name=Life+Science&path=


 
 

www.aladdin-e.com 
 

25g 

D105021 2,4-Dichlorophenoxyacetic acid 98% 2702-72-9 100g, 500g 
D105022 2,4-Dichlorophenoxyacetic acid For plant cell culture,≥98.0% (GC) 2702-72-9 5g, 25g 
E113521 Ethephon >90.0%(HPLC) 16672-87-0 250mg, 1g, 5g 
E113523 Ethephon Analytical Standards 16672-87-0 250mg 
I101074 3-Indoleacetic acid  For plant cell culture，98% 87-51-4 5g, 25g, 100g 
K108959 Kinetin For plant cell culture, ≥99.0% (HPLC) 525-79-1 1g, 5g, 25g 
K108960 Kinetin 99% 525-79-1 1g, 5g, 25g 
M116200 3-Methyl-1-butanol  For molecular biology,>99%(GC) 123-51-3 100ml, 500ml 
N118453 1-Naphthylacetic acid For plant cell culture, ≥96% 86-87-3 25g, 100g 
P118490 Picloram  For plant cell culture ,≥98.0%(HPLC) 1918-2-1 5g, 25g 
T100902 Thidiazuron For plant cell culture 51707-55-2 25mg, 100mg 
A103540 Ascorbic acid for plant cell culture 50-81-7 100G,500G 

A108861 L-Aspartic acid for cell and insect cell culture,≥
99%(T) 56-84-8 100G,500G 

a118582 Acetylsalicylic acid for plant cell cultrure, ≥99.0% 50-78-2 250G 
A118589 Adenine hemisulfate salt for plant cell culture, 98% 321-30-2 100G,25G,500G 
B111605 Boric acid for cell and insect cell culture,≥99.5% 10043-35-3 500G 
C100334 Chloramphenicol  for plant cell culture 56-75-7 100G,25G 
C106740 Colchicine for plant cell culture,≥98%(HPLC) 64-86-8 1G,500MG,5G 
C111542 Sodium chloride for plant cell culture,≥99.5% 7647-14-5 1KG 
C114435 (2-Chloroethyl)trimethylammonium chloride  for plant cell culture, ≥99 %(HPLC) 999-81-5  25G,5G 

E118596 Ethylenediaminetetraacetic acid disodium 
salt dihydrate for plant cell culture, ≥99.0% 6381-92-6 100G,500G 

E118603 Ethylenediaminetetraacetic acid 
monosodium ferric salt for plant cell culture 15708-41-5 100G,500G 

F103642 Folic acid for plant cell culture,≥97% 59-30-3  5G 
G105692 Gibberellic acid for plant cell culture，≥96% (HPLC) 77-06-5 1G,5G 
G116308 D-(+)-Glucose  for plant cell culture,≥99.5% 50-99-7 1KG,5KG 

M108952 MES for plant cell culture,≥99.5% 4432-31-9 100G,1KG, 
25G,500G 

N118656 Nicotinic acid for plant cell culture,≥99% 59-67-6 500G 
R104826 D-Ribose for plant cell culture，≥99%（HPLC) 50-69-1 100G 
S104840 D-Sorbitol solution  for plant cell culture，≥98% 50-70-4 1KG 
S112237 Sucrose for plant cell culture 57-50-1 1KG,25KG,5KG 
S118533 Salicylic acid for plant cell culture,≥99 % 69-72-7 500G 
T100013 D-(+)-Trehalose dihydrate  for plant cell culture,≥99% 6138-23-4 100G 
T104106 Thiamine hydrochloride for plant cell culture 67-03-8 100G,25G 
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