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Abstract

Improvement of sugarcane and potato in Pakistan is hampered by their intricate
flowering behaviour under natural day-length conditions. The improvement of these crops for
their salt tolerance can be carried out by tissue culture mediated techniques. To induce variation
in sugarcane, five-week old white to yellow nodular embryogenic calli were irradiated with 5,
20, 40 and 60 Gy gamma rays. After one month, the calli were cultured on regeneration media,
and plant hardening procedures were optimized. Irradiated and non-irradiated calli were
subjected to various levels of salt stress and plant regeneration was investigated. Although
growth of sugarcane calli was observed at 200 mM NaCl, regeneration was inhibited even at
50 mM NaCl in the medium. The regenerants from gamma irradiated material are under field
evaluation. Variation was detected in both irradiated and salt treated calli by DNA
fingerprinting using random amplified polymorphic DNA (RAPD) markers.

In potato, 6-7 weeks old in vitro grown plants with single shoots having 8-10 buds
were irradiated with 20 Gy gamma rays. Shoot formation was successful only from 50% of the
axillary buds. The cultures were subjected to four levels of salinity (50, 100, 150 and 200 mM
NaCl). Shoot-tip necrosis was observed along with significant reduction in shoot height.

1. INTRODUCTION

Sugarcane and potato are the most important cash crops in Pakistan. Pakistan produces
more than 45.7 million tonnes of sugarcane from about 1,009,000 hectares of land while potato
production has crossed the figure of 1.14 million tonnes from an area of 85.4 thousand hectares
[3]. Improvement in both of these crops through breeding is handicapped because of the
complex flowering behaviour under natural day-length conditions in Pakistan. Tissue and cell
culture techniques provide new methods for deriving genetic variation in relatively shorter
duration The use of plant cell culture techniques has expanded greatly particularly in the
improvement of vegetatively propagated crops like sugarcane and potato. In these crops genetic
variation can be introduced through somaclonal variation [1,4,5,8,11]. It has been reported that
in vitro irradiation and other mutagenic agents increase variation and the level of stress
tolerance among regenerants [2], Polymorphisms in various agronomically important crops by
random amplified polymorphic DNA (RAPD) markers have been extensively studied [6,10,13].
Potato and sugarcane are extremely salt sensitive crops, and soil salinity is a major constraint
in the production of these crops in Pakistan. Keeping in view this situation, radiation induced
mutations coupled with tissue culture based selection protocols were adopted for the
development of salt tolerance in these crops. The present study was carried out to determine
the effect of gamma radiation and salinity on callus growth and regeneration in sugarcane and
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growth of micropropagated plants in potato Studies were also undertaken to determine genetic
changes in the callus caused by gamma irradiation and salt treatment by using RAPD markers.

2. MATERIALS AND METHODS

Plant material

Sugarcane plants, cv. 'CP-43/33' (a hybrid o f Col-54'), were obtained from Sugarcane
Research Institute, AARI, Faisalabad. Young leaves taken from the inner most whorl were used
for callus induction.

Micro-shoot of a potato cv. 'Cardinal' initiated from meristem tip culture, were obtained
from Virology Section, Ayub Agriculture Research Institute (AARI), Faisalabad.
Micropropogated plants were obtained by in vitro multiplication of these microshoots.

Culture initiation

Callus cultures were initiated from the explants excised under aseptic condition from
the innermost apical stem of the field grown sugarcane cv. 'CP-43/33'. Explants were sliced into
3-4 mm pieces with sterilized tools. The explants were transferred to 100 ml plastic jars
(Sigma) containing 20 ml of callus induction medium (Table I). The induced calli were
maintained and proliferated on the same medium by serial transfer after 2-3 weeks. Cultures
were incubated in dark at 25±2°C.

TABLE I. COMPOSITION OF MEDIUM USED FOR INDUCTION SUGARCANE
CALLUS

Ingredients

1. MS-Macro and Micronutrients
2. Vitamins

i

i

i

l

i

i

• Myo-inositol
• Casein hydrolysate
i Cysteine- HC1
i Nicotinic Acid
• Thiamine HC1
• Pyridoxin HC1

3. Other supplements
i• Coconut milk

4 Amino Acid
i• Arginine

5. Sucrose
6. Phytagel

pH before autoclaving

Quantity mg/1

.

100
500
30
1
10
1

10% (v/v)

50
30 (g/1)
25 (g/1)
5.8
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In vitro micropropagation of potato was performed by nodal fragmentation [1] on
modified MS media [9] and incubated at 25±1°C under light intensity of 2500 lux and
photoperiod of 16 hours.

Gamma irradiation

Five weeks old yellow to white nodular embryogenic calli were irradiated with five
doses of gamma rays from a 60Co-source at N1AB. About 60-70 calli were exposed to each
radiation dose (0, 5, 20, 40 and 60 Gy). Irradiated and non-irradiated materials were maintained
and proliferated by sub-culturing after every 3-4 weeks.

Six weeks old microshoots of potato were irradiated with gamma rays from a 60Co
gamma source with a dose of 20 Gy.

Salt treatment

For salt treatments, 4-5 weeks old embryogenic calli of sugarcane were subjected to
sodium chloride (NaCl) stress. Seven equal pieces (128±10 mg) of calli were placed on callus
induction medium supplemented with various concentration of NaCl (0, 50, 100, 150 and 200
mM) on petri dishes (180 mm). Five replicates were used in each treatment. Sub-culturing was
performed after every 2 weeks.

To study the effect of salt (NaCl) on bud culture of potato, axillary bud segments were
placed in 250 ml conical flasks containing 25 ml modified MS liquid medium [9] supplemented
with different levels of salt (0, 50, 100, 200 mM NaCl). Eight flasks for each salt level were
used with ten axillary buds/flask. Flasks were maintained for one month on an orbital shaker
at 100 rpm at 25±1°C under 16 hours photoperiod.

Regeneration studies

Four week old post-irradiated and non-irradiated calli were transferred to four
regeneration media with following composition:

a) MS0 (Hormone free) + 500 mg I"1 casein hydrolysate + 30 mg 1"' cysteine HCL (MS0)
b) MS0 + 2 mg 1"' Kinetin + 5 mg I1 IAA.
c) MS0 containing 6% sucrose (MS06S).
d) MS06S + 2 mg I1 kinetin + 5mg I"1 IAA.

Four callus pieces (0.5-1.0 g) were placed in each glass bottle containing 50 ml of
regeneration medium. Jars were kept at 25±2°C with 16 hr photoperiod in a controlled growth
room. For root induction, MS0 + 500 mg I1 casein hydrolysate + 50 mg I'1 Arginine + 5 mg
I1 NAA was used.

DNA isolation and PCR amplification

DNA was isolated from sugarcane calli as described in a previous report [6]. The
purified DNA after RNase treatment was diluted in sterilized distilled water at a cone, of 12.5
mg/ml and 50 mg of it was used in each PCR amplification. Random primers (10 nucleotide
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long) obtained from Operon Technologies Inc. Alameda, CA, USA were used for amplification.
The amplification conditions and PCR product analysis was done as mentioned in a previous
report [6].

3. RESULTS AND DISCUSSION

In vitro culture studies

Callus initiation and proliferation in dark produced yellow to white nodular tissue at
the cut edges after 2-3 weeks. Callus kept in dark when transferred to light, turned pink brown
in most of the cases. However, in some calli, green pinheads developed, which differentiated
into shoots [7,8]. The change in colour on transfer from dark to light even in the presence of
cysteine-HCl might be due to physical effect of light or some other chemical changes [8].
Cysteine-HCl is known to inhibit the release of phenolic compounds from tissue into medium.
To minimize the browning of calli, activated charcoal and polyvinylpyrrolidone (PVP) was
used; however, no significant effect was observed.

Regeneration studies

It was observed that different media affected the regeneration frequency of sugarcane
calli (Table II). Of the media tested, MSO6S was the best and used for routine regeneration.
The calli developed green pin dot like regions which later on differentiated into shoots. The
regeneration was also affected by increase of radiation dose. Although, a few regenerants were
obtained from 60 Gy irradiated calli, they failed to establish in soil. A limited number of
regenerants were established in soil from 20 and 40 Gy treatments. There was no significant
difference between control and 5 Gy treatments in regeneration and survival frequency. Hence,
the experiment were repeated to regenerate plants from 20 and 40 Gy treatments, and
regenerated 150 plants from 20 Gy treated and 50 plants from 40 Gy treated calli.

Shoots regenerated from calli were transferred to rooting medium. After root formation,
the regenerants were transferred to vermiculite and kept under high humidity by covering the
plants with plastic envelops. Regenerants from irradiated and control calli exhibited variation
in their height and colour (Fig. 2). After 3-4 weeks, regenerants were transferred into pots
containing a mixture of silt and farm yard manure (FYM) in a ratio of 3:1, and kept in a
greenhouse. After 4 months, the regenerants were transferred to a field. The regenerants are
being studied at two locations for tolerance to salinity under field conditions.

Effect of gamma irradiation

Effect of different radiation doses on callus growth and differentiation of sugarcane calli
are shown in Table II. Significant effect of increase in radiation dose was observed on the
survival and differentiation of callus (Fig. 1). The colour and proliferation efficiency of callus
was effected by radiation [12].

TABLE II. EFFECT OF MEDIUM COMPOSITION AND RADIATION DOSE ON
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REGENERATION OF CALLUS IN SUGARCANE

Treatment

Radiation
(Gy)

CONTROL
5
20
40
60

No. of
Calli

100
100
100
100
100

MS0

regeneration
%

81.20
72.50
50.00
13.00
2.50

MS0+KI+1AA

regeneration
%

75.00
66.00
50.00
12.00
0.00

MS06S

regeneration
%

85.00
80.00
52.30
12.50
5.60

MS06S+KI+IAA

regeneration
%

87.00
78.00
48.20

9.50
3.50

I . :

I.V i

Figure 1: Effect of radiation dose on regeneration of sugarcane calli
a) 40 Gy b) 20 Gy c) 5 Gy d) Control

Figure 2: Plants obtained from irradiated calli growing in pots
a) Control b) 5 Gy c) 20 Gy d) 40 Gy
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Radiation dose of 20 Gy to potato seemed to be LD50 as 50% of the axillary buds failed
to form shoots on the modified MS media, while in the surviving M,V2 material leaf size and
internodes were markedly influenced by radiation dose of 20 Gy; stunted growth and bunches
of small leaves formed on the lower nodes of microplants. One batch of irradiated (20 Gy)
microplants of M,V4 generation are under salt stress evaluation. A second batch of irradiated
and control micropropagated plants were planted under a plastic tunnel at NIBGE to produce
minitubers. 20 Gy microtubers were also planted in the tunnel to produce minitubers. These
minitubers will be then subjected to different levels of salinity.

Effect of salt stress

After one month, the fresh weight of calli of sugarcane was recorded. A slight decrease
in fresh weight was observed in salt treated calli. The treated calli cultured on regeneration
medium without any salt became necrotic and lost their ability to differentiate into shoots. It
was interesting that the growth of calli was observed even at 200 mM salt level (Table III).
However, even low level of salinity 50 mM NaCl affected the regeneration process in all the
tissues. To understand this process, this experiment was repeated by culturing calli for more
than one month on the salt medium and to regenerate shoots from the stressed calli. No
regeneration was observed in salt stressed calli. To explore the salinity effect at cellular level,
irradiated and non-irradiated calli were also cultured on regeneration medium containing
different levels of salts (0, 100, 200, 300, 400 mM NaCl). Not a single regenerant was obtained
from these calli. This indicates that sugarcane is very sensitive to salinity at cell level.

TABLE III. EFFECT OF NaCl ON GROWTH OF SUGARCANE CALLUS

NaCl (mM)

Final wt.:
(nig)

0

250(192•3)

50

160(123. 1)

100

200(153•8)

150

170(130.7)

200

210(161.5)

Initial wt of calli in each treatment: (nig) 130±10
Replicates : 5
Incubation time: 4 weeks
* Figure in the parenthesis show percent increase in weight over the initial weight

In potato various concentrations of salt had drastic effect on shoot height. This effect
was significant even at a lower level of salt concentration (50 mM NaCl). At this concentration
burning and decay of shoot tip was observed. It was also noted that with the increase in salt
concentration (150 mM and 200 mM) growth was reduced and the number of nodes, branches
and roots decreased

Detection of stress induced variability by PCR based DNA Fingerprinting

Stress caused by tissue culture, irradiation and high levels of salt may cause change in
the genetic material which may result in somaclonal variation. However, it is hard to detect any
genetic variation or somaclones at the callus stage from morphology. Random amplified
polymorphic DNA (RAPD) markers were used to detect changes in DNA at callus stage. DNA
was isolated from sugarcane control callus, and the calli subjected to 5, 20 and 40 Gy doses
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of radiation and 100, 150 and 200 mM NaCI concentration, and used for PCR amplification.

Polymorphisms in amplification profiles was detected in 5 Gy with OPJ 13 (Fig. 3) and
0PJ17 primers and in 200 mM NaCI treatment with 0PJ18 primers. The polymorphic bands
represents the genetic changes that occurred due to salt stress and irradiation. At callus stage,
these polymorphism cannot be linked to any of the morphological characters, but in plants
regenerated from calli, these markers may be linked to the morphological/physiological changes.

Figure 3: Amplification profiles ofDNA isolated from sugarcane calli with OPJ13 (lanes 1-2) and
OPJ 17 (lanes 8-14) primers. Lanes l,8=control callus, 2,9=5 Gy treatments, 10=20 Gy
treatments, 4,11=40 Gy treatment, 5,12 = 100 mM salt stress, 6,13 = 150 mM salt stress,
7,14=200 mM salt stress. M=Size Marker (1-kb DNA ladder)

In vegetatively propagated crops, genetic variation can be increased for useful agronomic
characters by various kinds of stress. Tissue cultures parameters have been optimized for the
two crops and effective levels of gamma irradiation and salt stress are being studied. The
selected clones of the two crops have been multiplied in the field.

TABLE IV. EFFECT OF NaCI ON SHOOT LENGTH, NUMBER OF NODES,
BRANCHES AND ROOTS OF POTATO AXILLARY BUD CULTURE

NaCI Cone.(mM) Plant Height No. of nodes No. of branches No. of roots

00
50
100
150
200

5.61 a
2.70 b
1.04 be
0.49 c
0.40 c

7.40 a
5.51 b
5.99 b
3.93 c
2.34 d

1.75 a
0.55 b
0.31 b
0.25 b
0.49 b

2.93 a
2.32 a
0.65 b
0.42 b
0.02 b

* a. b, c and d; results with same letter in each column are not significantly different at 0.05 probability.
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