Chapter 1
Selection of Media
for Tissue and Cell Culture
Gagik

Stepan-Sarkissian
1. Introduction

This chapter deals with the selection of growth media for the induction of callus and initiation of liquid suspension cultures from plants.
Although the first attempts at initiating cultures of plant cells were made
by the German botanist G. Haberlandt at the turn of this century, it has
only been during the last three decades that rapid developments in plant
cell, tissue, and organ culture have occurred. Since extensive work with
microbial cultures was by then already underway, the first medium
formulations used for plant culture work were inevitably based on experience of microbes. These media contained several distinct classes of
compounds:
1.
2.
3.
4.

Carbon source
Inorganic salts
Organic supplement
Trace elements.
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As work on plant cell cultures progressed, attention was paid to
defining media more suited to the growth of plant tissue cultures. Today
there are many media formulations available that, although still loosely
based on microbial media, are specifically tailored to suit the requirements of plant cell cultures. The addition of undefined sources of nutrients and hormones, such as coconut milk, is now usually avoided.
The most commonly used culture media (seeAppendix) are based on
the established formulations defined by Gamborg (Z), Heller (2), Linsmaier and Skoog (3), Murashige and Skoog (4), Schenk and Hildebrandt
(5), and White (6). H owever, other media exist with variations upon these
basic themes. For example, the choice of nitrogen source may vary depending upon the species being cultured and may be in the form of an
ammonium or nitrate salt, amino acids (seeNote l), casein hydrolysate, or
urea. Since so few plant cell cultures are autotrophic, the provision of an
exogenous energy source is of key importance. The most common carbon
source used in plant cell culture media is sucrose, although glucose is
sometimes used in its place, and may support an equal or even higher
growth rate in culture. However, a high rate of growth is not always of
paramount importance for cultures. Often the aim of initiating a plant cell
culture is to obtain secondary products that are generally accumulated
during the stationary phase of growth (see Chapters 2 and 48) or in
differentiated cultures. Therefore, high growth rates may not necessarily
be desirable in all cases.
Of great importance to the growth and productivity of a cell culture is
the carbon/nitrogen ratio and the form in which these media components
are supplied. It is possible to investigate the effects of the carbon/nitrogen
ratio by altering the concentration and/or the type of these important
medium constituents. However, such medium manipulations should be
undertaken only after a given culture is established and its growth kinetics
are characterized.
Growth regulators or plant hormones, such as auxins, gibberellins,
abscisic acid, cytokinins, and ethylene, are known to influence various
stages of growth in the whole plant. Of these, only auxins and cytokinins
are routinely incorporated in to plant culture medium. The most commonly used auxins are 2,4-dichlorophenoxyacetic
acid (2,4-D), indole 3acetic acid (IAA), and l-naphthaleneacetic acid (NAA). IAA is the natural
auxin, whereas 2,4-D and NAA are synthetic compounds that mimic the
effects of naturally occurring auxins. Other chemicals possessing auxinlike activity and used- albeit less frequently-in
plant cell culture include
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indole3-butyric
acid (IBA) and p-chlorophenoxyacetic
acid (CPA). 6Furfurylaminopurine,
known by the trivial name kinetin, is the most frequently used cytokinin. However, 6-benzylaminopurine
(BAP) or zeatin
are sometimes substituted. By careful manipulations of the relative concentrations of auxins and cytokinins, it is possible to favor either undifferentiated growth or organogenesis (root or shoot formation).
The numbers of plant species that have been cultured and the different
media used are extensive (seeref. 7). Once the plant species to be cultured
is decided upon, a suitable medium formulation should be selected. A
practical first step would be to follow up appropriate references subsequent to a literature search and/or consult a handbook dealing with plant
cell culture (7-20 and this vol.).
If a literature search is inconclusive or if access to specialized sources
is limited, then it is recommended to attempt initiating callus on several of
the well-known medium formulations (seeNote 2 and the Appendix). In
addition, it is advisable to experiment with different auxin and cytokinin
combinations. A tentative approach is suggested in Table 1.

2. Materials
For Stock Solutions
to Selected Medium Formulation

2.1.

Appropriate
1.
2.
3.
4.

Inorganic salts (seeAppendix).
Organic compounds (seeAppendix).
Hormones (seeAppendix).
6M NaOH.

2.2. For Medium
1.
2.
3.
4.
5.
6.
7.

Preparation

Inorganic stock solution.
Organic stock solution.
Hormone stock solution.
Carbon source (sugar).
Agar (seeNote 3).
60-mL sterile plastic culture pots.
Laminar flow cabinet (seeNote 4) equipped with a Bunsen burner.

2.3. For Assessment

of Callus

Growth

Equipment for sterile transfer of callus tissue consists of scalpel,
spatula, forceps, sterile Petri plates, and industrial ethanol.
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Suggested

Table 1
Combinations

and Concentrations
for Plant Cell Culture Media*

Hormone

Cytokinin,

mg/L

0

0.05

0.5

5

0.1

1

1.0
10.0

5
9

2
6

3
7

4
8

10

11

12

Auxin,

mg/

L

*The numbers l-12 represent different hormone combinations
resulting from three
auxin concentrations and cytokinin concentrations.
For ease of reference, numbers can
be added after abbreviations
for medium formulations
(e.g., MS-6 for Murashige and
Skoog’s medium
(4) supplemented
with 1.0 mg/L 2,4-D, and 0.05 mg/L kinetin)
(adapted from refs. 7 and 9).

3. Methods
The composition of the various culture media are given in the Appendix. This chapter gives guidance on how to make these media up and
how to store it. It also describes an approach to establish the culture
conditions for untried species.

3.1. For Stock Solutions
Appropriate
to Selected
Medium
Formulations
In order to save time, it is advisable to prepare stock solutions of the
three main components of the medium, i.e., inorganic salts, organic supplement, and hormones. The inorganic salts stock solution can be prepared at a lo-fold higher concentration. Owing to small amounts of
chemicals used in the organic supplement, its stock solution is prepared at
a IOO-fold higher concentration. In most cases, the hormone stock solutions are prepared in such a way that addition of 1 mL of stock solution
to 1 L of medium gives the desired concentration. Analytical
Reagent
grade chemicals should be used for the preparation of stock solutions.
1. For 1 L of stock solution of inorganic salts (sufficient for 10 L of
medium), place a 1-L beaker containing approximately 400 mL of
distilled water on a magnetic stirrer. Weigh out individually each of
the salts according to the medium formulation in 10 times larger
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2.

3.
4.

5.

amounts than those given in the text (recipes are normally given for 1
L of medium) (seeNote 5). Dissolve each salt in a minimal volume of
distilled water, and add to the beaker, allowing time for the solution
to become well mixed before adding the next component. In some
cases, it is necessary to add the constituents in a particular order in
order to prevent precipitation of certain salts (seeNote 5).
When all the salts have been added, make the volume of the stock
solution up to 1 L with distilled water using a volumetric flask. Invert
the flask several times to allow full mixing.
Store the stock solution at 4OC. The solution should remain usable at
this temperature for 6 mo. However, at the first sign of microbial
growth, it should be replaced with a new solution (seeNote 6).
The organic supplement stock solution is made in the same way as
that just described for the inorganic salts, i.e., the individual components are weighed in amounts lo-fold higher than that given in the
recipe, but the total volume of the stock solution is reduced from 1 L
to 100 mL (sufficient to prepare 10 L of medium). There are two
reasons for this reduction in the volume of organic stock solution.
First, the amounts involved in this supplement are low enough to
dissolve in a smaller volume. Secondly, a small volume is advantageous, since this solution needs to be stored at -2OOC in order to prevent microbial growth on its rich carbon and nitrogen sources.
The stock solutions of hormones are normally prepared at concentrations lOOO-fold higher than that required for the given medium. To
obtain a concentration of 1 mg/L auxin (e.g., 2,4-D or NAA) in the
medium, the stock should be prepared as a 1 mg/mL solution from
which an aliquot of 1 mL will be added to the medium. To prepare
most hormone stock solutions, weigh out the required amount into a
lOO-mL volumetric flask, and add approximately 50 mL of distilled
water. Place the flask on a magnetic stirrer, and add 6M NaOH
dropwise until the hormone is dissolved. Make up the volume to a 100
mL and store at -20°C.

3.2. For Medium

Preparation

To prepare 1 L of medium:
1. Place a 1-L beaker containing approximately 500 mL of distilled water
on a magnetic stirrer, and add 100 mL of inorganic stock solution, 10
mL organic supplement stock solution, the required aliquot of hor-
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2.

3.

4.

5.

6.

mane(s), the carbon source, and agar (for solid medium only) (seeNote
7).
After all the medium components have been well mixed, adjust the pH
to the desired value (generally between 5 and 6), and make up the
volume to 1 L with distilled water using a volumetric flask (seeNote
8).
Plant cell suspension cultures are routinely grown in 250-mL Erlenmeyer flasks containing 100 mL of medium. When preparing liquid
media for autoclaving, dispense lOO-mL aliquots into 250-mL Erlenmeyer flasks, and cover the tops with a double layer of aluminum foil
measuring 15 x 15 cm (seeNote 9). Each flask should be labeled with
a water insoluble marker pen stating the medium type and date of
preparation (seeNote 10).
For solid medium (containing agar) used for the growth of callus
cultures, there exist two alternatives for dispensing into culture vessels. One alternative is to dispense approximately 30 mL of liquid
medium containing agar into lOO-mL Erlenmeyer flasks, and cover
the tops with aluminum foil (seeNote 9) before autoclaving. On the
other hand, the medium can be autoclaved in 500-mL lots in Pyrex
bottles and then dispensed into commercially purchased sterile culture pots in a laminar flow cabinet after it has cooled to around 50°C
(seeNote 11). I n either case, label containers with a water-insoluble
marker pen, stating the medium type and date of preparation.
Autoclave the media, both solid and liquid, at 120°C and 1.06 kg/cm*
for 20 min. If volumes of 1 L or over are to be autoclaved in a single
container, the sterilization time should be increased to 40 min. To
check for visible signs of microbial contamination, allow several days
between the preparation and use of solid and liquid media, and store
at room temperature.
If the medium requires addition of thermolabile components (e.g.,
zeatin), it is necessary to add them in a laminar flow cabinet to the individual flasks when they have been autoclaved. This is done by preparing a stock solution of the given compound at an appropriate concentration, so that addition of up to 5 mL of this solution to each flask
will give the desired concentration in the medium. These additions
should be made by passing the solution through a sterile 0.2~pm filter
attached to a 5-mL syringe, preferably sterile. In the case of solid media, thermolabile chemicals can be added to the medium after it has
cooled down sufficiently but before it has begun to set (40-50°C).
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Additions can be made either before or after dispensing
into individual containers.

3.3. For Assessment

of Callus

the medium

Growth

If the callus culture of a given species has been initiated on several
growth media each with a different hormone combination, it may be
necessary to assess the growth and productivity
(e.g., of a secondary
metabolite) for each cell line. This is particularly important when space
and time are limited for the maintenance of large numbers of cell lines.
Assessment of callus growth and productivity provides useful data, on the
basis of which a decision can be made to retain a cell line with a high growth
rate, a high productivity, or a compromise between these two parameters.
It should be emphasized that the method detailed below gives only a rough
estimation of growth, since the procedure is based upon fresh weight
rather than dry weight measurements. However, in order to increase the
reliability of these growth measurements, it is necessary to standardize
as many of the parameters involved as possible.
1. Under sterile conditions, transfer 25 mL of sterile agar into either
Erlenmeyer flasks or sterile plastic culture pots and allow to set (see
Note 12).
2. Aseptically transfer a known weight (e.g., 0.5 g) of callus tissue onto
the fresh agar (seeNote 13). If the callus is friable (seeNote 14), the
transfer can be made simply by using a spatula that has been sterilized by immersing it into industrial ethanol and then flamed. On the
other hand, if the callus tissue is hard or partially differentiated, then
it may be necessary to dissect the callus on a sterile Petri plate using a
scalpel and a pair of forceps sterilized as above.
3. After a suitable length of time (e.g., 4 wk) (seeNote 15), remove the
callus from the pot with a sterile spatula and weigh using a sterile Petri
plate. Record the results in a chart similar to that shown in Fig. 1. If
further analysis (e.g., secondary products, starch, enzyme levels) is
required, then a sample of callus tissue should be set aside for this
purpose.
4. It is advisable to monitor the growth of callus lines over several
passages (subcultures), in which case the callus weighed at the end of
the last cycle should provide the starting material (e.g., 0.5 g) for the
next cycle. In order to allow meaningful statistical analysis of the
results, it is necessary to have at least 5 replicates/medium/hormone
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combination for each cycle. A suitable diagrammatic way of representing these data is in the form of histograms with standard errors of
the mean (seeFig. 2).

3.4. For Assessment of Growth
in Suspension
Cultures
Even when suspension cultures have been established, it is still
possible to manipulate certain key components of the medium (carbon
source, nitrogen source, hormone combination, or concentration) or change
the medium formulation altogether.
1. Subculture cells into “new” medium in the usual way.
2. If the cells adapt to the new medium formulation, the culture should
be allowed to become established over several passages (at least 5)
before any analysis work is attempted (seeNote 16).
3. The growth analysis is carried out according to the method described
in Chapter 2 of this vol.
4. With suspension cultures, it is possible to take samples for product
analysis at any time during the growth cycle. Ideally, samples should
be taken at the same time as those for growth analysis.
5. Construct growth curves for suspension cultures according to Fig. 2in
Chapter 2 of this vol.
6. For the purposes of comparison, the growth of the culture in the “old”
and “new” media should be monitored concurrently.

4. Notes
1. Care should be taken when supplying amino acids as the nitrogen
source. In certain cell cultures, amino acids may be deaminated and
used as a source of carbon.
2. Even when a published method for the culture initiation of a given
plant species is adopted, it is still advisable to test, at the same time,
other defined media formulations and hormone combinations. Occasionally, an alternative medium may emerge as the most suitable
formulation for growth. An example is presented in Fig. 2.
3. Addition of agar is required only for solid media: It is omitted when
preparing media for suspension cultures.
4. Although it is possible to pour agar-containing media into appropriate containers on a laboratory bench equipped with a Bunsen
burner, a laminar flow cabinet is preferred for aseptic transfer of tissue material during subculturing.
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Fig. 1. Suggested chart layout for recording growth parameters for a callus culture.
At least five replicates are necessary to calculate the average fresh weight for a given
cell line and to determine the percentage change.
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Fig. 2. Growth of potato (SoZanumtuberosum cv. Saturna) callus on different media
during three subsequent passages(a, b, c). The callus wasinitiated on White’s medium
(which was the recommended medium in the literature) as well as on two other media,
namely Murashige and Skoog’s and Gamborg’s B5. After three successive passages,
Gamborg’s B5 medium emerged as the best formulation for the growth of potato callus.
The growth is expressed as percentage increase in fresh weight of callus after 24 d in
culture. Each histogram represents the mean percentage increase and standard error
of the mean of at least five replicate cultures. Incubation conditions, medium volume,
and inoculum weight were standardized (unpublished data of G. Stepan-Sarkissian
and D. Grey). The abbreviations used are: W: White’s medium, (b) B5: Gamborg’s
medium (2) and MS: Murashige and Skoog’s medium (4). The numbers following
medium designations represent the following auxin and cytokinin combinations: (1):
5.7 mg/L 2,4-D and 5.0 mg/L kinetin, (2): 10 mg/L 2,4-D, (3): 10 mg/L NAA, (4): 10
mg/L NAA and 10 mg/L kinetin.

