
 
 

www.aladdin-e.com 
 

Plant tissue culture - Plant regeneration 
 
 
Plant regeneration 
Having looked at the main types of plant culture 
that can be established in vitro(see Plant tissue 
culture - part 1 and part 2), we can now look at 
how whole plants can be regenerated from these 
cultures.In broad terms, two methods of plant 
regeneration are widely used in plant transfor- 
mation studies, i.e. somatic embryogenesis and 
organogenesis. 
 
Somatic embryogenesis 
In somatic (asexual) embryogenesis, embryo-like 
structures, which can develop into whole plants in 
a way analogous to zygotic embryos, are formed 
from somatic tissues (Figure 2). These somatic 
embryos can be produced either directly or 
indirectly. In direct somatic embryogenesis, the 
embryo is formed directly from a cell or small 
group of cells without the production of an 
intervening callus. Though common from some 
tissues (usually reproductive tissues such as the 
nucellus, styles or pollen), direct somatic 
embryogenesis is generally rare in comparison 
with indirect somatic embryogenesis. An example 
of direct somatic embryogenesis is given in Box 1. 
In indirect somatic embryogenesis, callus is first 
produced from the explant. Embryos can then be 
produced from the callus tissue or from a cell 
suspension produced from that callus. Somatic 
embryogenesis from carrot is the classical 
example of indirect somatic embryogenesis and is 
explained in more detail in Box 1 
Somatic embryogenesis usually proceeds in two 
distinct stages. In the initial stage (embryo 

initiation), a high concentration of 2,4-D is used. In 
the second stage (embryo production) embryos 
are produced in a medium with no or very low 
levels of 2,4-D. 
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Figure 2 A schematic representation of the sequential 
stages of somatic embryo development. Somatic 
embryos may develop from single cells or from a small 
group of cells. Repeated cell divisions lead to the 
production of a group of cells that develop into an 
organised structure known as a ‘globular-stage 
embryo’. Further development results in heart- and 
torpedo- stage embryos, from which plants can be 
regenerated. Zygotic embryos undergo a fundamentally 
similar development through the globular (which is 
formed after the 16- cell stage), heart and torpedo 
stages. Polarity is established early in embryo 
development. Signs of tissue differentiation become 
apparent at the globular stage and apical meristems are 
apparent in heart-stage embryos. 
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In many systems it has been found that somatic embryogenesis is improved by supplying a source of 
reduced nitrogen, such as specific amino acids or casein hydrolysate. 
 
 
CASE STUDY Cereal regeneration via somatic 
embryogenesis from immature or mature 
embryos 
The principal method adopted for the tissue culture 
and regeneration of a wide range of cereal species 
is somatic embryogenesis, using cultures initiated 
from immature zygotic embryos. Embryogenic callus 
is normally initiated by placing the immature embryo 
on to a medium containing 2,4-D. Shoot 
regeneration is initiated by placing the embryogenic 
callus on a medium with BAP (with or without 2,4-D). 
These shoots can be subsequently rooted. The 
medium used for induction of embryogenic callus is 
usually a modified MS (for Triticeae) or N6 (for rice 
and maize). Maltose is often used as the carbon 
source in preference to su- crose, and additional 
organic supplements (such as specific amino acids, 
yeast extract and/or casein hydrolysate) are 
common. 
The isolation and culture of immature embryos is, 

however, a labour-intensive and rela- tively 
expensive procedure. An additional problem is the 
small target size if the immature embryos are to 
used for biolistic transformation (biolistic 
transformation is explained in Chapter 3). 
Alternatives are therefore being sought. One 
alternative is to use mature em- bryos (or seeds) as 
the explant to initiate embryogenic callus. This 
approach has been suc- cessfully applied to several 
cereal species such as rice and oats. The culture 
techniques and media used for culture 
establishment and regeneration from mature 
embryo/seed-derived cultures are fundamentally the 
same as those used for cultures initiated from 
immature embryos. 
 
The importance of genotype 
The major influence on tissue-culture response 
appears to be genetic, with culture requirements 
varying between species and cultivars. Model 

Box 1  Somatic embryogenesis 
 
Indirect somatic embryogenesis in carrot (Daucus carota) 
A callus can be established from explants from a wide range of carrot tissues by placing the explant on solid 
medium (e.g. Murashige and Skoog (MS)) con- taining 2,4-D (1 mg l–1). This callus can be used to produce a cell 
suspension by placing it in agitated liquid MS medium containing 2,4-D (1 mg l–1). This cell sus- pension can be 
maintained by repeated subculturing into 2,4-D-containing medium. Removal of the old 2,4-D-containing medium 
and replacement with fresh medium containing abscisic acid (0.025 mg l–1) results in the production of embryos. 
 
Direct somatic embryogenesis from alfalfa (Medicago falcata) 
Young trifoliate leaves are used as the explant (see Figure). These are removed from the plant and chopped into 
small pieces. The pieces are washed in a plant growth regulator-free medium and placed in liquid medium (B5) 
supplemented with  2,4-D  (4 mg l–1),  kinetin  (0.2 mg l–1),  adenine  (1 mg l–1)  and  glutathione 

 
 
Step 5: Direct somatic embryogenesis in alfalfa. (1) Explants are removed from plants grown in vitro. (2) Explants 
are placed in liquid medium for embryo induction. (3) Embryos develop to the globular stage in liquid medium 
supplemented with maltose and polyethylene glycol. (4) Embryos mature on gelled medium containing abscisic acid 
(ABA). (5) Embryos develop into plants on solid medium (10 mg l–1). The cultures are maintained in agitated liquid 
medium for  about 10–15 days. Washing the explants and replacing the old medium with B5 medium supplemented 
with maltose and polyethylene glycol results in the development of the somatic embryos. These somatic embryos 
can be matured on solid medium containing abscisic acid. 
Note that in both cases, although the production of somatic embryos from al- falfa necessitates the use of more 
complicated media, the production of embryos is fundamentally a two-step process. The initial medium, which 
contains 2,4-D, is replaced with a medium that does not contain 2,4-D. 
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genotypes that responded well to culture in vitro 
were initially used in plant transformation studies. 
However, most of the model genotypes used were 
not elite, commercial cultivars. The commercial 
cultivars tended to respond poorly to culture in vitro. 
One of the main aims is therefore to identify the 
components that make up a widely applicable, 
optimal culture regime. 
Many factors have been investigated for their ability 
to improve the culture response from elite cultivars, 
including media components (such as alternative 
carbon sources, macro- and microelement 
concentrations and composition), media preparation 
method and donor plant condition and growth 
conditions 
 
Organogenesis 
Somatic embryogenesis relies on plant regeneration 
through a process analogous to zygotic embryo 

germination. Organogenesis (Box 2) relies on the 
production of organs, either directly from an explant 
or from a callus culture. There are three methods of 
plant regeneration via organogenesis. 
The first two methods depend on adventitious 
organs arising either from a callus culture or directly 
from an explant (Figure 3). Alternatively, axillary bud 
formation and growth can also be used to 
regenerate whole plants from some types of tissue 
culture. 
Organogenesis relies on the inherent plasticity of 
plant tissues, and is regulated by altering the 
components of the medium. In particular, it is the 
auxin to cytokinin ratio of the medium that 
determines which developmental pathway the 
regenerating tissue will take. 
It is usual to induce shoot formation by increasing 
the cytokinin to auxin ratio of the culture medium. 
These shoots can then be rooted relatively simply. 
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Box 2 Organogenesis in tobacco (Nicotiana tabacum) 
 
Organogenesis from tobacco pith callus is the classical example of how varying plant growth regulator regimes can be 
used to manipulate the pattern of regener- ation from plant tissue cultures. 
When cultured on a medium containing both auxin and cytokinin, callus will proliferate. If the auxin to cytokinin ratio is 
increased, adventitious roots will form from the callus by organogenesis. It the auxin to cytokinin ratio is decreased 
adventitious shoots will be formed. 
If the explants are cultured on medium containing only a cytokinin shoots can be produced directly. 
Tobacco plants can also be easily regenerated from tobacco leaf pieces. Leaves are cut into aproximately 1 cm 
squares with a sterile scalpel (avoiding large leaf veins and any damaged areas). The leaf pieces are then transferred 
(right side up) to gelled MS medium supplemented with 1 mg l-1 BAP (a cytokinin) and 0.1 mg l-1 NAA (an auxin). Over 
the next few weeks, callus forms on the explants, particu- larly around the cut surfaces. After 3 to 5 weeks shoots 
emerge directly from the explants or from callus derived from the explants. When these shoots are about 1cm long they 
can be cut at the base and placed on to solid MS medium without any plant growth regulators. The shoots will form 
roots and form plantlets that will grow in this medium and can subsequently be transferred to soil. 

Figure 3 A simplified scheme for the integration of plant tissue culture 
into plant transformation protocols. An explant can be a variety of 
tissues, depending on the particular plant species being cultured. The 
explant can be used to initiate a variety of culture types, depending 
on the explant used. Regeneration by either organogenesis or 
somatic embryogenesis results in the production of whole plants. 
Different culture types and regeneration methods are amenable to 
different transformation protocols. The transformation protocols (see 
Chapter 3) highlighted in this figure are: (A) Agrobacterium-mediated; 
(B) biolistic transformation; (D) direct DNA uptake and (E) 
electroporation. Different combinations of culture type and 
transformation protocol are used depending on the plant species and 
cultivar being used. In some species a variety of culture types and 
regeneration methods can be used, which enables a wide variety of 
transformation protocols to be utilised. In other species there is 
effectively no choice over culture type and/or regeneration method, 
which can limit the transformation protocols that are applicable. 
(Redrawn with permission from Walden R. and Wingender R. 
(1995).) 
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Summary 
Tissue culture and plant regeneration are an integral 
part of most plant transformation strategies, and can 
often prove to be the most challenging aspect of a 
plant transforma- tion protocol. Key to success in 
integrating plant tissue culture into plant 
transformation strategies is the realisation that a 
quick (to avoid too many deleterious effects from so- 
maclonal variation) and efficient regeneration 
system must be developed. However, this system 
must also allow high transformation efficiencies from 
whichever transformation technique is adopted. 
Not all regeneration protocols are compatible with all 
transformation techniques. Some crops may be 
amenable to a variety of regeneration and 
transformation strategies, others may currently only 
be amenable to one particular protocol. Advances 
are being made all the time, so it is impossible to 
say that a particular crop will never be regenerated 
by a particular protocol. However, some protocols, at 
least at the moment, are clearly more efficient than 
others. Regeneration from immature embryo-derived 
somatic embryos is, for example, the favoured 
method for regenerating monocot species. 
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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, 
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 
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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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