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Plant tissue culture – Plant growth regulators 
 
We have already briefly considered the concepts 
of plasticity and totipotency. The essential point as 
far as plant cell culture is concerned is that, due to 
this plasticity and totipotency, specific media 
manipulations can be used to direct the 
development of plant cells in culture. 
Plant growth regulators are the critical media 
components in determining the developmental 
pathway of the plant cells. The plant growth 
regulators used most commonly are plant 
hormones or their synthetic analogues. 
 
Plant growth regulators 
 
Classes of plant growth regulators 
There are five main classes of plant growth 
regulator used in plant cell culture, namely: 
(1) auxins; 
(2) cytokinins; 
(3) gibberellins; 
(4) abscisic acid; 
(5) ethylene. 
Each class of plant growth regulator will be briefly 
looked at. 
 
Auxins 
Auxins promote both cell division and cell growth 
The most important naturally occurring auxin is 
IAA (indole-3-acetic acid), but its use in plant cell 
culture media is limited because it is unstable to 
both heat and light. Occasionally, amino acid 
conjugates of IAA (such as indole-acetyl-L-alanine 
and indole-acetyl-L-glycine), which are more 
stable, are used to partially alleviate the problems 
associated with the use of IAA. It is more 
common, though, to use stable chemical 
analogues of IAA as a source of auxin in plant cell 
culture media. 2,4-Dichlorophenoxyacetic acid 

(2,4-D) is the most commonly used auxin and is 
extremely effective in most circumstances. Other 
auxins are available (see Table 3), and some may 
be more effective or ‘potent’ than 2,4- D in some 
instances. 
 

Table 3 Commonly used auxins, their  
abbreviation and chemical name 

Abbreviation 
name  

 
2,4-D 2,4-dichlorophenoxyacetic acid 
2,4,5-T 2,4,5-trichlorophenoxyacetic  acid 
Dicamba 2-methoxy-3,6-dichlorobenzoic acid 
IAA Indole-3-acetic acid 
IBA Indole-3-butyric acid 
MCPA 2-methyl-4-chlorophenoxyacetic acid 
NAA 1-naphthylacetic acid 
NOA 2-naphthyloxyacetic acid 
Picloram 4-amino-2,5,6-trichloropicolinic  acid 

 
a Synthetic analogues. 
b Naturally occurring cytokinins. 
c  A substituted phenylurea-type cytokinin. 

 

Chemical name    

 Cytokinins 
Cytokinins promote cell division. Naturally 
occurring cytokinins are a large group of 
structurally related (they are purine derivatives) 
compounds. Of the naturally occurring cytokinins, 
two have some use in plant tissue culture media 
(see Table 4). 
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These are zeatin and 2iP (2-isopentyl adenine). 
Their use is not widespread as they are expensive 
(particularly zeatin) and relatively unstable. The 
synthetic analogues, kinetin and BAP 
(benzylaminopurine), are therefore used more 
frequently. Non-purine-based chemicals, such as 
substi- tuted phenylureas, are also used as 
cytokinins in plant cell culture media. These 
substituted phenylureas can also substitute for auxin 
in some culture systems. 
 
Table 4 Commonly used cytokinins,  

their abbreviation and chemical name 
 

Abbreviation/name Chemical name 
 

BAPa 6-benzylaminopurine 
2iP (IPA)b [N6-(2-isopentyl)adenine] 
Kinetina 6-furfurylaminopurine 
Thidiazuronc 1-phenyl-3-(1,2,3-thiadiazol-5-yl) 

urea 
Zeatinb 4-hydroxy-3-methyl-trans-2- 

butenylaminopurine 
 

a Synthetic analogues. 
b Naturally occurring cytokinins. 
c  A substituted phenylurea-type cytokinin. 

 
Gibberellins 
There are numerous, naturally occurring, structurally 
related compounds termed ‘gibberellins’. They are 
involved in regulating cell elongation, and are 
agronomically important in determining plant height 
and fruit-set. Only a few of the gibberellins are used 
in plant tissue culture media, GA3 being the most 
common. 
 
Abscisic acid 
Abscisic acid (ABA) inhibits cell division. It is most 
commonly used in plant tissue culture to promote 
distinct developmental pathways such as somatic 
embryogenesis  
 
Ethylene 
Ethylene is a gaseous, naturally occurring, plant 
growth regulator most com- monly associated with 
controlling fruit ripening in climacteric fruits, and its 
use in plant tissue culture is not widespread. It does, 
though, present a particu- lar problem for plant 
tissue culture. Some plant cell cultures produce 
ethylene, which, if it builds up sufficiently, can inhibit 
the growth and development of the culture. The type 
of culture vessel used and its means of closure 
affect the gaseous exchange between the culture 
vessel and the outside atmosphere and thus the 
levels of ethylene present in the culture. 
Plant growth regulators and tissue culture 

Generalisations about plant growth regulators and 
their use in plant cell culture media have been 
developed from initial observations made in the 
1950s. There is, however, some considerable 
difficulty in predicting the effects of plant growth 
regulators: this is because of the great differences in 
culture re- sponse between species, cultivars and 
even plants of the same cultivar grown under 
different conditions. 
However, some principles do hold true and have 
become the paradigm on which most plant tissue 
culture regimes are based. 
Auxins and cytokinins are the most widely used 
plant growth regulators in plant tissue culture and 
are usually used together, the ratio of the auxin to 
the cytokinin determining the type of culture 
established or regenerated (see Figure 1). A high 
auxin to cytokinin ratio generally favours root 
formation, whereas a high cytokinin to auxin ratio 
favours shoot formation. An intermediate ratio 
favours callus production. 
 

 
Intermediate ratio 
(callus formation) 

Low auxin to cytokinin 
ratio 

(shoot formation) 

High auxin to cytokinin 
ratio 

(root formation) 

Figure 1 The effect of different ratios of auxin to cytokinin on the growth  
and morphogenesis of callus. High auxin to cytokinin ratios promote root 
development, low ratios promote shoot development. Intermediate ratios 
promote continued growth of the callus without differentiation. 

 
Culture types 
Cultures are generally initiated from sterile pieces of 
a whole plant. These pieces are termed ‘explants’, 
and may consist of pieces of organs, such as leaves 
or roots, or may be specific cell types, such as 
pollen or endosperm. Many features of the explant 
are known to affect the efficiency of culture ini- 
tiation. Generally, younger, more rapidly growing 
tissue (or tissue at an early stage of development) is 
most effective. 
Several different culture types most commonly used 
in plant transformation studies will now be examined 
in more detail. 
 
Callus 
Explants, when cultured on the appropriate medium, 
usually with both an auxin and a cytokinin, can give 
rise to an unorganised, growing and dividing mass of 
cells. It is thought that any plant tissue can be used 
as an explant, if the correct conditions are found. In 
culture, this proliferation can be maintained more or 
less indefinitely, provided that the callus is 
subcultured on to fresh medium periodically. During 
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callus formation there is some degree of 
dedifferentiation (i.e. the changes that occur during 
development and specialisation are, to some extent, 
reversed), both in morphology (callus is usually 
composed of unspecialised parenchyma cells) and 
metabolism. One major consequence of this 
dedifferentiation is that most plant cultures lose the 
ability to photosynthesise. This has important 
consequences for the culture of callus tissue, as the 
metabolic profile will probably not match that of the 
donor plant. This necessitates the addition of other 
components—such as vitamins and, most 
importantly, a carbon source—to the culture 
medium, in addition to the usual mineral nutrients. 
Callus culture is often performed in the dark (the 
lack of photosynthetic capability being no drawback) 
as light can encourage differentiation of the callus. 
During long-term culture, the culture may lose the 
requirement for auxin and/or cytokinin. This process, 
known as ‘habituation’, is common in callus cultures 
from some plant species (such as sugar beet). 
Callus cultures are extremely important in plant 
biotechnology. Manipulation of the auxin to cytokinin 
ratio in the medium can lead to the development of 
shoots, roots or somatic embryos from which whole 
plants can subsequently be produced. Callus 
cultures can also be used to initiate cell suspen- 
sions, which are used in a variety of ways in plant 
transformation studies. 
 
Cell-suspension cultures 
Callus cultures, broadly speaking, fall into one of two 
categories: compact or friable. In compact callus the 
cells are densely aggregated, whereas in friable 
callus the cells are only loosely associated with each 
other and the callus be- comes soft and breaks apart 
easily. Friable callus provides the inoculum to form 
cell-suspension cultures. Explants from some plant 
species or particular cell types tend not to form 
friable callus, making cell-suspension initiation a 
difficult task. The friability of callus can sometimes 
be improved by manipulating the medium 
components or by repeated subculturing. The 
friability of the callus can also sometimes be 
improved by culturing it on ‘semi-solid’ medium 
(medium with a low concentration of gelling agent). 
When friable callus is placed into a liquid medium 
(usually the same composition as the solid medium 
used for the callus culture) and then agitated, single 
cells and/or small clumps of cells are released into 
the medium. Under the correct conditions, these 
released cells continue to grow and divide, even- 
tually producing a cell-suspension culture. A 
relatively large inoculum should be used when 
initiating cell suspensions so that the released cell 

numbers build up quickly. The inoculum should not 
be too large though, as toxic products released from 
damaged or stressed cells can build up to lethal 
levels. Large cell clumps can be removed during 
subculture of the cell suspension. 
Cell suspensions can be maintained relatively simply 
as batch cultures in conical flasks. They are 
continually cultured by repeated subculturing into 
fresh medium. This results in dilution of the 
suspension and the initiation of another batch 
growth cycle. The degree of dilution during 
subculture should be determined empirically for 
each culture. Too great a degree of dilution will 
result in a greatly extended lag period or, in extreme 
cases, death of the transferred cells. 
After subculture, the cells divide and the biomass of 
the culture increases in a characteristic fashion, until 
nutrients in the medium are exhausted and/or toxic 
by-products build up to inhibitory levels—this is 
called the ‘stationary phase’. If cells are left in the 
stationary phase for too long, they will die and the 
culture will be lost. Therefore, cells should be 
transferred as they enter the stationary phase. It is 
therefore important that the batch growth-cycle 
parameters are determined for each cell-suspension 
culture. 
 
Protoplasts 
Protoplasts are plant cells with the cell wall 
removed. Protoplasts are most commonly isolated 
from either leaf mesophyll cells or cell suspensions, 
al- though other sources can be used to advantage. 
Two general approaches to removing the cell wall (a 
difficult task without damaging the protoplast) can be 
taken—mechanical or enzymatic isolation. 
Mechanical isolation, although possible, often results 
in low yields, poor quality and poor performance in 
culture due to substances released from damaged 
cells. 
Enzymatic isolation is usually carried out in a simple 
salt solution with a high osmoticum, plus the cell wall 
degrading enzymes. It is usual to use a mix of both 
cellulase and pectinase enzymes, which must be of 
high quality and purity. 
Protoplasts are fragile and easily damaged, and 
therefore must be cultured carefully. Liquid medium 
is not agitated and a high osmotic potential is main- 
tained, at least in the initial stages. The liquid 
medium must be shallow enough to allow aeration in 
the absence of agitation. Protoplasts can be plated 
out on to solid medium and callus produced. Whole 
plants can be regenerated by organogenesis or 
somatic embryogenesis from this callus. 
Protoplasts are ideal targets for transformation by a 
variety of means. 
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Root cultures 
Root cultures can be established in vitro from 
explants of the root tip of either primary or lateral 
roots and can be cultured on fairly simple media. 
The growth of roots in vitro is potentially unlimited, 
as roots are indeterminate organs. Although the 
establishment of root cultures was one of the first 
achievements of modern plant tissue culture, they 
are not widely used in plant transformation studies. 
 
Shoot tip and meristem culture 
The tips of shoots (which contain the shoot apical 
meristem) can be cultured in vitro, producing clumps 
of shoots from either axillary or adventitious buds. 
This method can be used for clonal propagation. 
Shoot meristem cultures are potential alternatives to 
the more commonly used methods for cereal 
regeneration (see the Case study below) as they are 
less genotype-dependent and more efficient 
(seedlings can be used as donor material). 
 
Embryo culture 
Embryos can be used as explants to generate callus 
cultures or somatic embryos. Both immature and 
mature embryos can be used as explants. Imma- 
ture, embryo-derived embryogenic callus is the most 
popular method of monocot plant regeneration. 
 
Microspore culture 
Haploid tissue can be cultured in vitro by using 
pollen or anthers as an ex- plant. Pollen contains the 
male gametophyte, which is termed the ‘mi- 
crospore’. Both callus and embryos can be produced 
from pollen. Two main approaches can be taken to 
produce in vitro cultures from haploid tissue. 
The first method depends on using the anther as the 
explant. Anthers (somatic tissue that surrounds and 
contains the pollen) can be cultured on solid medium 
(agar should not be used to solidify the medium as it 
contains inhibitory substances). Pollen-derived 
embryos are subsequently produced via dehiscence 
of the mature anthers. The dehiscence of the anther 
depends both on its isolation at the correct stage 
and on the correct culture conditions. In some 
species, the reliance on natural dehiscence can be 
circumvented by cut- ting the wall of the anther, 
although this does, of course, take a considerable 
amount of time. Anthers can also be cultured in 
liquid medium, and pollen released from the anthers 
can be induced to form embryos, although the 
efficiency of plant regeneration is often very low. 
Immature pollen can also be extracted from 
developing anthers and cultured directly, although 
this is a very time-consuming process. 
Both methods have advantages and disadvantages. 

Some beneficial effects to the culture are observed 
when anthers are used as the explant material. 
There is, however, the danger that some of the 
embryos produced from anther culture will originate 
from the somatic anther tissue rather than the 
haploid microspore cells. If isolated pollen is used 
there is no danger of mixed embryo formation, but 
the efficiency is low and the process is time-
consuming. 
In microspore culture, the condition of the donor 
plant is of critical importance, as is the timing of 
isolation. Pretreatments, such as a cold treatment, 
are often found to increase the efficiency. These 
pretreatments can be applied be- fore culture, or, in 
some species, after placing the anthers in culture. 
Plant species can be divided into two groups, 
depending on whether they re- quire the addition of 
plant growth regulators to the medium for 
pollen/anther culture; those that do also often require 
organic supplements, e.g. amino acids. Many of the 
cereals (rice, wheat, barley and maize) require 
medium supplemented with plant growth regulators 
for pollen/anther culture. 
Regeneration from microspore explants can be 
obtained by direct embryo- genesis, or via a callus 
stage and subsequent embryogenesis. 
Haploid tissue cultures can also be initiated from the 
female gametophyte (the ovule). In some cases, this 
is a more efficient method than using pollen or 
anthers. 
The ploidy of the plants obtained from haploid 
cultures may not be haploid. This can be a 
consequence of chromosome doubling during the 
culture period. Chromosome doubling (which often 
has to be induced by treatment with chemicals such 
as colchicine) may be an advantage, as in many 
cases haploid plants are not the desired outcome of 
regeneration from haploid tissues. Such plants are 
often referred to as ‘di-haploids’, because they 
contain two copies of the same haploid genome. 
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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 

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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