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Stimulation of shoot regeneration on Linum hypocotyl segments
by thidiazuron and its response to light and calcium
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Abstract

The basal segment from hypocotyl of Linum usitatissimum L. seedling readily regenerates, to produce a large number of
shoots, in a short period of 5 - 7 d. This response was stimulated by a low concentration (0.1 pM) of thidiazuron (TDZ).
TDZ was also effective in inducing regeneration in dark. A drastic reduction in regeneration response on hormone-free
as well as TDZ-supplemented medium was found after inclusion of an inhibitor of calcium-uptake, lanthanum (La**). An
essentiality of calcmm in the regeneration was also evidenced by an increased response with increasing concentration of

calcium. At Ca®* concentration insufficient for regeneration, inclusion of TDZ resulted in shoot formation.
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Flax seedlings are characterized by an unusual
developmental response: after decapitation the hypocotyl
readily regenerates shoot-buds (Link and Eggers 1946).
This process of regeneration was also described under in
vitro conditions (Gamborg and Shyluk 1976, Lane 1979,
Bretagne et al. 1994). In this investigation the rapid
regeneration response of hypocotyl segments is utilized
to study the role of thidiazuron (TDZ), a phenylurea
derivative that simulates cytokinin activity and is known
for a diverse array -of subcellular and cellular responses
ranging from tissue proliferation to induction of shoots
and somatic embryos (Mok et al. 1982, Thomas and
Katterman 1986, Malik and Saxena 1992, Iantcheva et al.
1999). Some new aspects of structure-activity
relationship of TDZ are unravelled and an attempt is
made to decipher its mode of action.

The seeds of common flax (Linum usitatissimum L.
cv. Neelam) were washed with Teepol for 10 min and
then dipped in 70 % ethanol for 30 s. After rinsing with
sterile distilled water these seeds were gently agitated in
chlorine water for 5 min. Finally the seeds were rinsed
thrice in distilled water and placed for germination on a
nutrient medium, that was based on mineral formulation
of Chu et al. (1975) known as Ng medium. This medium
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was’ gelled with 0.8 % agar and 2 % sucrose served as
carbon source. The pH of the medium was adjusted to
5.8, before autoclaving.

The basal nutrient medium comprised [mg dm™]:
KNO; 2830, (NH,),SO, 463, KH,PO, 400, CaCl,.2 H,0
166, MgS0O,.7 H,O 185, Fe-EDDHA 5.00, MnSQ,.4
H,0 4.4, ZnS0O,.7H,0 1.5, H;BO, 1.6, KI 0.8, inositol
100, glycine 2, thiamine HCI 1, pyridoxine HC1 0.5, and
nicotinic acid 0.5.

Cultures of hypocotyl segments isolated from 7 to
8-d-old seedlings were raised in screw cap vials (15 cm®)
with 1.0 cm’ of liquid medium. These were maintained at
25 + 2 °C and continuous light (15 pmol m™ s™). For
every treatment at least 20 replicate cultures were raised.
Each experiment was repeated more than once, with
identical results.

The regenerative capacity of hypocotyl segments, in
concurrence with the findings of Bretagne ef al. (1994),
increased with an increasing distance from apex.
Although the basal segment of 5 mm length was most
regenerative, still better regeneration response was
possible from 2.5 mm hypocotyl region and 2.5 mm root
region, without any contribution from root segment.
However, it was not desirable to divide the basal segment

Abbreviations: BAP - benzylaminopurine; CPZ - chlorpromazine; NAA - naphthaleneacetic acid, TDZ - thidiazuron; TFP -

trifluoperazine.
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of hypocotyl into still smaller segments due to ensuing
necrosis and poor regeneration response. Hence, 5 mm
long basal segment of hypocotyl was selected as an
explant for further studies.

Linum cultivar employed in this investigation is
highly regenerative, it formed 8 - 10 regenerants per basal
segment on hormone-free medium (Table 1) and this
frequency could be further increased to 13 - 15 rege-
nerants on medium with 0.1 uM of TDZ. An advantage

of this system is reproducibility of results and rapid
response. In other cultivars of Linum shoot regeneration
frequency on benzylaminopurine (BAP) medium ranged
between 2.5 to 3.2 (Lane 1979) and 2 to 5 shoots per
segment (Bretagne ef al. 1994). This frequency could be
increased to 8.6 regenerants on medium with 0.1 pM
TDZ and 0.01 uM NAA. TDZ (0.1 pM) alone gave about
4.6 regenerants (Bretagne et al. 1994).

Fig. 1. Shoot-bud regeneration on basal segment of hypocotyl of Linum seedling, on medium supplemented with TDZ in dark (A) or

in light (B). Note elongation of shoots in dark.

Besides an increase in frequency of regeneration TDZ
induced regeneration in dark (Table 1). In dark on a
hormone-free medium there was not more than one
shoot-bud per responding explant as compared to 8 - 10
shoots in light. The shoots developed on TDZ medium in
dark were, however, elongated (Fig. 14). This
corresponds to an etiolation symptom. In earlier studies
on other systems the shoots formed in response to TDZ
remained stunted (Chalupa 1987, Huetteman and Preece
1993, Sankhla ez al. 1996).

An essentiality of calcium in regeneration was
evidenced by an increased response with increasing
concentration of calcium. At the lowest concentration
10 mg dm™ there was practically no regeneration.
However, at this concentration, a low frequency
regeneration was possible on TDZ-medium (Table 1).

An inhibitor of calcium-uptake, lanthanum (La™), at
different concentrations (0.01, 0.1 and 1.0 mM) reduced
the frequency of regeneration in terms of number of
regenerants per explant (Table 2). Since La** does not
enter plant cells it is ascribed to inhibit an influx of
calcium from the medium to the tissue (Wayne and
Hepler 1984). When La’* was employed along with TDZ,
a low frequency regeneration (Table 2) was possible.
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Table 1. Frequency of shoot-bud regeneration on basal segment
of hypocotyl of Linum seedling, in light or dark on hormone-
free basal medium (BM) and on medium supplemented with
TDZ. Effect of different concentrations of calcium on hormone-
free medium and on medium supplemented with 0.1 pM TDZ.

Medium Number of shoots [segment'l]
light dark

BM 86+1.0 1.5%0.5

BM + 0.1 uM TDZ 135+15 104 +0.6

BM + 10 mg dm™ Ca 02+0.0

BM + 42 mg dm™ Ca 56+1.2

BM + 83 mg dm™ Ca 71£0.7

BM + 166 mg dm™ Ca 86+1.0

BM + 332 mg dm™ Ca 30£1.0

BM + 10 mg dm> Ca 29405

+0.1 pM TDZ

In view of involvement of calmodulin in Ca®'-
mediated processes effects of trifluoperazine (TFP) and
chlorpromazine (CPZ), which inhibit calmodulin-
dependent processes in animals, was studied. Both these
drugs inhibited regeneration (Table 3) at a low



concentration (0.1 uM). CPZ was not so effective when
given either for first 5 d or last 5 d. First 5 d seem to be
the stage of initiation and determination and the last 5 d
are stage of development. If CPZ is not present during
initiation and determination it is ineffective to prevent the
development of initiated shoot-buds, when given during
last 5 d. This was not true for TFP (Table 3), it was
effective when given for first 5 d and was also effective
when given for last 5 d.

Shoot regeneration on hypocotyl segments of Linum
is a rapid response. The inhibitors of calmodulin (CPZ

Table 2. Frequency of shoot-bud regeneration on basal segment
of hypocotyl of Linum seedling, cultured on different
concentrations of lanthanum chloride and with or without TDZ.

STIMULATION OF FLAX SHOOT REGENERATION

Table 3. Frequency of shoot-bud regeneration on basal segment
of hypocotyl of Linum seedling on BM medium supplemented
with chlorpromazine (CPZ) or trifluoperazine (TFP) during

different periods.

0-5d

5-10d

Shoot number
[segment™]

BM

BM +0.1 pM CPZ
BM + 0.5 uM CPZ
BM + 0.1 pM TFP
BM + 0.5 uM TFP
BM

BM + 0.1 uM CPZ

BM
BM + 0.1 uM CPZ
BM + 0.5 uM CPZ
BM + 0.1 uM TFP
BM + 0.5 pM TFP
BM + 0.1 uM TFP
BM

86+10
2003
1.6£0.5
3.0+£1.0
25+£05
3.1+08
43403

Medium Shoot number [segment'l]
BM 86+1.0
BM +0.01 mM La** 7.1+1.0
BM + 0.10 mM La** 6.0+1.0
BM + 1.00 mM La** 2.1+1.0
BM + 0.1 pM TDZ 135+1.5
BM+0.1uMTDZ+ I mMLa* 28413
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