2.7 Culture Medium Components
The culture medium provides all the essential elements needed for plant growth. It usually includes:
1. Macronutrients 
They are required in large amounts and include elements like nitrogen, phosphorus, potassium, calcium, magnesium, and sulfur. These elements support critical functions such as protein synthesis, energy transfer, and cell wall formation. 
2. Micronutrients
They are needed in trace amounts, include iron, manganese, zinc, copper, boron, and molybdenum. They serve as cofactors for enzymes and are vital for physiological processes like photosynthesis and nitrogen metabolism. 
3. Vitamins 
They are added to promote cell wall formation and overall plant growth. Examples are thiamine (Vitamin B₁), nicotinic acid (Vitamin B₃), and pyridoxine (Vitamin B₆).
4. Carbohydrates
They are usually in the form of sucrose, act as the primary energy source, since cultured tissues often lack the ability to photosynthesize efficiently in vitro. 
5. Plant hormones, or plant growth regulators,
They are equally essential. Example, Auxins, promote root initiation and elongation, while cytokinins, or kinetin, stimulate shoot formation and proliferation. 
6. Gelling agent
To provide a physical structure for the culture medium, agar agar is added as a gelling agent, helping to solidify the medium and support the explant in a stable environment for nutrient absorption and growth. 
All these components together create the optimal conditions for plant tissue development in vitro
	Chemical
	Amount per litre (mg)

	1. Macronutrients (10 X)
Ammonium nitrate (NH4NO3)
Potassium nitrate (ΚΝΟ3)
Calcium chloride (CaCl2.2H₂O)
Magnesium sulfate (MgSO4.7H2O)
Potassium dihydrogen orthophosphate (ΚΗ2ΡΟ4)
	
1650
1900
440
370
170

	2. Micronutrients (100 X)
Manganese sulphate (MnSO4.4H2O) 
Zinc sulphate (ZnSO4.7H20)
Potassium iodide (KI)
Cupric sulphate (CuSO4.5H2O)
Sodium molybdate (Na₂MoO4.2H2O)
Cobalt (ous) chloride (CoCl2.6H₂O)
Boric acid (H3BO3)
	
22.3
8.6
0.83
0.025
0.25
0.025
6.2

	3. Iron (10X)
Sodium EDTA (Na2EDTA.2H2O)
Ferous sulphate (FeSO4.7H2O)
	
37.3
27.8

	4. Vitamin (100X)
Nicotinic acid
Thiamine hydrochloride
Pyridoxine hydrochloride
Glycine
Myoinositol
	
0.5
0.1
0.5
2
100

	5. Carbohyrate
Sucrose
	
30000

	6. Gelling Agent
Agar 
	
9000



Table 1: Table listing MS medium components
4. Role of Vitamins
Vitamins are organic compounds required in very small quantities but are important for the metabolism and growth of cultured cells.
Although plants can synthesize many vitamins, in vitro cultured tissues may have insufficient endogenous synthesis, particularly when tissues are rapidly dividing or cultured under heterotrophic conditions.
Important vitamins used in tissue culture include:
Thiamine (Vitamin B₁)
Thiamine is one of the most important vitamins in plant tissue culture.
It functions primarily as a precursor of thiamine pyrophosphate (TPP), a coenzyme involved in:
· Carbohydrate metabolism 
· Pyruvate metabolism 
· Pentose phosphate pathway 
· Amino acid metabolism 
Thiamine therefore supports the high metabolic activity associated with cell division and growth.
Nicotinic acid (Niacin; Vitamin B₃)
Nicotinic acid is a precursor of NAD and NADP, which are essential electron carriers.
It contributes to:
· Oxidation-reduction reactions 
· Respiration 
· Energy metabolism 
· Biosynthetic pathways 
Pyridoxine (Vitamin B₆)
Pyridoxine is converted into active pyridoxal phosphate derivatives that function as coenzymes in:
· Amino acid metabolism 
· Transamination 
· Decarboxylation 
· Nitrogen metabolism 
Myo-inositol
Myo-inositol is often included in tissue culture media and is involved in:
· Membrane phospholipid metabolism 
· Cell signalling 
· Cell wall precursor formation 
· Growth and morphogenesis 
Although not strictly a vitamin in the conventional sense, it is an important organic component of many plant tissue culture media.
5. Role of Hormones/Plant Growth Regulators
Plant growth regulators are among the most important components determining the morphogenic response of cultured tissues.
The major classes are:
1. Auxins 
2. Cytokinins 
3. Gibberellins 
4. Abscisic acid (ABA) 
5. Ethylene 
Other regulators such as brassinosteroids, jasmonates, salicylic acid, and strigolactones may also influence tissue culture responses.
6. Auxins
Important auxins used in tissue culture include:
· IAA – Indole-3-acetic acid 
· IBA – Indole-3-butyric acid 
· NAA – α-Naphthaleneacetic acid 
· 2,4-D – 2,4-Dichlorophenoxyacetic acid 
Major roles
Auxins promote:
· Cell division 
· Cell elongation 
· Cell differentiation 
· Root initiation 
· Vascular differentiation 
· Callus formation 
2,4-D is particularly effective for inducing callus and embryogenic responses in many species.
Auxin and morphogenesis
A relatively high auxin : cytokinin ratio generally favours root formation, whereas a relatively low auxin : cytokinin ratio tends to favour shoot formation.
However, this is a generalization; actual responses depend strongly on species and genotype.
7. Cytokinins
Common cytokinins include:
· Kinetin 
· BAP/BA – 6-Benzylaminopurine 
· Zeatin 
· TDZ – Thidiazuron 
Major roles
Cytokinins promote:
· Cell division 
· Shoot initiation 
· Shoot multiplication 
· Release of apical dominance 
· Chloroplast development 
· Delay of senescence 
BAP is one of the most widely used cytokinins for multiple shoot induction.
TDZ is a highly active cytokinin-like compound and can stimulate shoot regeneration in many recalcitrant species.
Gibberellins

The most commonly used gibberellin is GA₃ (gibberellic acid).

It promotes:

Cell elongation
Internode elongation
Shoot growth
Breaking of dormancy
Germination in some systems

In tissue culture, GA₃ may be used to promote elongation of regenerated shoots, especially when shoots remain compact.
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Totipotency in Plants

What is Totipotency?

Totipotency refers to the remarkable ability

From a Single Cell to a Whole Plant

of a single plant cell to regenerate an entire 1. Explant (single cell)
plant. It means that every living cell in a plant
contains the full genetic information required
to give rise to all the different cell types,
tissues and organs of the plant, provided it is
given the right conditions.

2. Dedifferentiation 3. Redifferentiation 4. Organogenesis

Why does it occur?

Asingle plant cell The cell loses its Under the influence Shoots and roots develop
Plant cells are totipotent because they (e.g., from leaf, stem, root ~ specialized structure of plant growth regulators  from the callus, forming
g or any plant tissue) is and divides to form  (auxins and cytokinins),  a complete plantlet
retain the complete genome and can isolated and cultured  a callus (unorganized  cells differentiate into in vitro,
re-enter the cell cycle, dedifferentiate on a nutrient medium. ‘mass of cells). shoot and root primordia.

into a callus, and then redifferentiate
into various organs under the influence

5. Acclimatization 6. Regenerated plant
of appropriate nutrients, hormones

and culture conditions. 5
Thus, a single
Significance plant cell has the
= potential to
* Basis of plant tissue culture and micropropagation.
* Used for clonal multiplication of elite plants. JEeEneiaiag
* Enables production of disease-free plants WhOI'e p lant —
(meristem culture). The plantlet is transferred The result is a genetically this is the
 Important for genetic transformation :;S]‘?“ :?d gdraldua]:y i idlenlica‘l; f\lllyddfeveloped Pphenomenon of
: . imatized to external plant — derived from 5
and conservation of rare/endangered species. s, e el totipotency.
* Facilitates somatic embryogenesis and organogenesis.

M/, | Inshort:

Totipotency is the ability of a plant cell to produce all the cell types and organs of a plant,

under suitable conditions of nutrients, hormones and culture environment.





