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Effect of Duration of Light:Dark Cycles on in vitro Shoot Regeneration of Tomato
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Abstract: Cotyledonary explants of the Red Coat cultivar were exposed to hight:dark cycles n regeneration
medium (MS basal+15 pM zeatin) for four weeks, with the view of elucidating the role of ight in direct shoot
regeneration. Light has not been found essential for shoot regeneration in tomato. However, maximum shoot
regeneration response (60%) could only occur in the explants exposed to 16 h light and 8 h dark. The response
declined at 2 h dark (47%) or 24 h light (40%). Comparable number of shoots was produced in the 16 h light (3.3)
and 24 h dark (3.2) treatments, but in 24 h light treatment the number of shoots produced per explant was less
(2.7). Shoots with meximum height were observed m 24 h hight (6.3 mm) followed by 16 h light (4.5 mm) and
24 h dark (3.9 mm). The shoots regenerated m the dark were not etiolated. Mimicking of light regulated
processes by exogenous application of high concentration of cytokinin can be the possible reason for the non-
etiolated behaviour of the dark regenerated shoots. Although light was not essential for shoot regeneration,
appropriate light: dark cycles were required for proper chlorophyll development.
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INTRODUCTION

The in vitro regeneration capability of tomato is
genetically controlled"?. Thus, tomato plants posses the
blueprint which dictates the way they will respond to a
regeneration medium. The regeneration response 1s also
influenced by the ambient conditions, as some growth
processes are enhanced whereas the others are delayed or
mhibited under different ambient conditions. Under
ex vitro conditions, plants of the same genotypes can
have dissimilar growth habits when subject to different
conditions™. Terrestrial plants are absolutely dependent
on light to provide the energy they need for growth and
reproduction through photosynthesis. Light quality
(and/or periodicity) is one of the most important
envirommental signals that might modify the regeneration
response in tissue culture. Tt is therefore crucial for a
plant to maximize its photosynthetic capability by
responding to the light environment around it.

In tomato, light may influence the regeneration
response by two ways, viz;

1. Via mother plant: the regeneration response of tomato
explants could depend on the quality and cquantity of
light used in raising the mother plant™. Generally, the

explants obtamed from etiolated seedlings fail to
show good regeneration response’.

2. Via explant: light conditions imposed upon the
explants during incubation can also affect explant
response. Tomato explants cultured in white light
show better regeneration than those grown in red or
green light'. Pugliesi et ol reported that light is
absolutely essential for regeneration of tomato
shoots, as they found no regeneration in the absence

of light.

A strong relationship between the original position of
the explants in the seedling and light conditions during
regeneration has also been reported”™. For example, the
regeneration response of the apical meristem was
enhanced by frequent wradiation with red light, whereas
the response of the basal nodes remained unaffected.
However, the white light dependent regeneration ability
of de-etiolated hypocotyl explant was not influenced by
the original position of explants on the seedling™. The
type of organogenic respeonse also depends on the light.
For example, Tyburski and Tretyn™ found that the
etiolated explants formed roots in the presence of light
despite being grown on a shoot-inducing medium,
whereas the non-etiolated plants produced shoots only
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under certain conditions. This root regeneration response
from etiolated explants was stimulated by short, five-
minute daily pulses of red light.

Most studies on tomato regeneration have employed
a 16 h photoperiod. Studies on the effects of diumnal
variation m the length of exposure to hight are lacking.

The current study was undertaken to determine the
effect of light:dark cycles on shoot regeneration, number
of shoots produced, shoot height and chlorophyll content
of the regenerated shoots.

MATERIALS AND METHODS

Explant: Seeds of the Red Coat cultivar were obtained
from Yates Vegetable Seeds Co. Ltd. (Milperra, NSW,
Australia). Seeds were surface sterilized for 15 min with
1% (v/v) sodium hypochlorite and rinsed with sterile
water before being transferred to autoclavable transparent
culture tubes (25%80 mm) contamning 5 mL MS basal
medium which contained 0.8% agar (Sigma Chemical
Company, St Louis, MO, USA). Cotyledons were excised
from one-week-old seedlings and the whole cotyledons
were noculated onto regeneration medium (one explant
per tube). Explants were placed with the abaxial (lower)
surface touching the medium and the tubes were
mcubated m a controlled enviromment room (CER)
maintained at 25+£2°C with an incident light intensity of
38 umol m* s™'. The light was provided by cool white
fluorescent tubes (Sylvania Gro-Lux, Germany) and the
light treatments of (I) 24 h light, (11) 24 h dark and (1) 16 h
light and 8 h dark were compared using 45 replications per
treatment. The standard condition of the CER was 16 h
light and 8 h dark. Dark condition (24 h) was simulated by
covering some of the shelves in the CER with non-airtight
black poly sheets. For simulating 24 h light conditions,
some of the shelves were covered with non-airtight
poly sheet and lights on those shelves were switched on
contmuously.

Regeneration medium: The regeneration medium
consisted of the MS basal medium which was
supplemented with 15 uM zeatin and 3% sugar and
solidified with 0.8% agar. The medium pH was adjusted to
5.8 using 1 M NaOH or 0.25 M HCIl and mechanically
dispensed (5 mL per tube) into transparent plastic culture
tubes (2580 mm) prior to autoclaving at 1.03 kg cm™
(103.5 kPa) at 121°C for 15 min. The medium was cooled
to 40°C before tightening the lids
condensation.

to  minimise
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Observations: Cbservations were recorded after four
weeks of moculation. The number of explants showing
organogenesis and callus formation was counted and the
callus diameter, number of shoots per explant and shoot
height was measured.

Experimental design and statistical analysis: For each
treatment 45 culture tubes were used. Standard errors of
the means and confidence mtervals were used to compare
shoot height, callus diameter and number of shoots.
Graphs were prepared using Sigma Plot (SPSS Inc., USA).

Chlorophyll determination: The leaf extract was prepared
using 80% acetone. The chlorophyll content was
quantified by measuring the absorption at A 652 nm using
a spectrophotometer. Five replications per treatment were
used The oldest three leaves (c.3 mm long) of the
regenerated shoots were used to extract chlorophyll.

RESULTS AND DISCUSSION

Maximum shoot regeneration (60%) occurred in the
explants exposed to 16 h light and 8 h dark. The 24 h dark
(47%) and 24 h light (40%) had similar regeneration
responses which were much lower than that observed at
16 h light (Fig. 1). The 16 h light and 24 h dark treatments
had similar numbers of shoots per explants (3.2-3.3),
whereas the 24 h light treatment produced lower number
of shoots per explant 2.7 (Fig. 2). The 24 h light treatment
produced the tallest (3 mm) seedlings followed by 16 h
light (4.5 mm) and 24 h dark (3.9 mm) (Fig. 3; Plate 1a). The
callus response was only slightly affected by the light, as
it ranged between 62-67% amongst the three treatments
(Fig. 4). However, the size of callus was highest (11.2 mm)
1124 h light followed by 16 h light (7.9 mm) and 24 h dark
4.3 mm (Fig. 5). The chlorophyll content was highest in
the shoots exposed to 16 h light (77 mg 1.™") followed by
24 h light (54 mg L") and 24 dark (11 mg L") and the
difference between the 16 h and 24 h light treatments was
not marked compared to that with 24 h dark treatment
(Fig. 6). The shoots that were regenerated under dark were
chlorotic (Plate 1b) and they developed chlorophyll only
after they were transferred to 16 h photoperiod.

Results of this study demonstrate that tomato can be
regenerated mn the absence of light. These findings
contradict those of Tyburski and Tretyn™ who found that
light was essential for shoot regeneration from vegetative
explants obtained from either green or etiolated seedlings
of tomato. Pugliesi et al'™ also demonstrated that no
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Fig. 5: Effect of light duration on diameter of the callus
devel oped from cotyledonary explants of Cv. Red
Coat in four weeks time (n=28-30)
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Fig. 6: Effect of light duration on chlorophyll contents of
shoots developed from cotyledonary explants of
Cv. Red Coat in four weeks time {n=5)

days in a detrimental way that renders the cells to be
incompetent/ partially competent for shoot regeneration
resulting in reduced number of shoots per explant.
Interestingly, in the current study, shoots that
regenerated in the dark did not show the typical etiolated
growth, which is characterised by elongated shoot and
extended internodes. When a seedling breaks through the
soil surface into a sunlit environment, elongation of the
stem iz inhibited and the emphasis of development shifts
from straight growth to expanding photosynthetic
capacity. Both the blue and red components of white light
cause inhibition of stem elongation™ Regenerated
shoots in the dark in this study exhibited non-etiolated
growth. This behaviour could be explained through
cytokinin-light interaction. This interaction also explains

Plate 1a: Effect of light duration on shoot regeneration in
tomato Cv. Red Coat (shoots regenerated in 24
h light, 16 h light and 24 h light dark conditions;
left to right)

Plate 1b: Shoots regeneratedin 24 h dark conditions showing very low chlorophyll content
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the occurrences of shoot regeneration in the absence of
light m the current study. It 13 becoming increasingly
convincing that PGRs control light-mediated changes.
Light regulated processes can be mimicked by exogenous
application of high concentrations of cytokimn to dark-
grown seedlings™”. Mutants containing elevated levels of
cytokinin display aspects of de-etiolation even when
grown in the dark!?. It has been observed that ‘AtpC
which is a light regulated gene, is also regulated by
cytokinins ¥ The reverse is also true: the arabidopsis
ARR 4 response regulator, an early cytokimin response
gene, is also induced in response to red light in a phyB
dependent manner'”. However, the exact mechanism of
cytokinin promoting non-etiolation response in the dark
15 still not fully understood.

Very low chlorophyll concentration was observed n
the dark- regenerated shoots. In line with the observation
of the current experiment Tapingkae and Taji"® also
reported reduction in the chlorophyll content of Zieria
fraseria with increased light mtensity. The light acts as
the main regulator of the ultra structural organization of
the plant photosynthetic apparatus™. Thus, in the
absence of light proper chlorophyll development was
severely hampered. Although cytokining play a role in leaf
greening, this activity is controlled by the two-component
systern, viz., cytokinin and light™ and cytokinin co-acting
along with light signaling pathway'”. — Moreover,
reduced chlorophyll content was observed in the shoots
regenerated in 24 h light conditions and this probably due
to photo inhibition. Photo inhibition is an inhibition of
growth and in extreme cases death of cell and tissue.
Research into the mechamsms of photo inlubition 1s a
large field of research in photosynthesis and controversy
among the researchers regarding the cause of photo
inhibition. The role of UV light is amongst the most
controversial topics in this field. The presence of UV light
does have biochemically detectable effects, but photo
mhibition probably does not absolutely require UV (Dr.
Curtis Hoganson — Personal communication). In the
current experiment, the role of sucrose in inhibiting the
cholorophyll development can be rule out as the sucrose
concentration was same in all the light treatments.

In summary, shoot regeneration process in tomato is
mdependent of light; and the shoots regenerated in the
dark show no etiolation characteristics except that they
lacked chlorophyll content, which was readily developed
following exposure to 16 h hght.
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