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ABSTRACT

Mass propagation of sugarcane through meristem culture ensures quick availability of the
genetically uniform virus free newly released varieties to the farmers but the cccurrence of genetic
variation however, limits its commercial application. Isoenzyme analysis may be used to screen
somaclones to maintain varietal purity of a sugarcane hybrid lhike that of a breeder seed in
conventionally propagated variety which will be of great benefit to the farmers. Organogenic plant
regeneration directly as well as via callus induction from shoot tip of sugarcane indicated that the
hormone treatment of KIN (2.0 mg L™") and NAA (5.0 mg L") along with 3% table sugar was best
for meristem tip enlargement and shoot initiation. For shoot multiplication a treatment combination
of BAP and KIN (1.5 mg L™ each) was found to be optimum. Highest number of shoots was
obtained in treatment combinations of BAP and KIN (1.5 mg L. each) along with GA, (3.0 mg L),
NAA (5.0 mg L™ was found optimum with high mean response for rhizogenesis. The detection of
genetic varahbility by analysis of peroxidase isozyme of mericlones and calliclones indicated presence
of polymorphism within the mericlones and calliclones. The mericlones exhibited genetic integrity
for invertase isozyme while exhibiting the lowest polymorphism for total soluble proteins. The
calliclones regenerated after third callus subculture exhibited lowest polymorphism over peroxidase,
invertase and total soluble proteins. Thus, micropropagation by callus culture can be advanced up
to third subeculture to obtain large number of plantlets with minimum variability from that of the
parental genotype.

Key words: Saccharum officinarum, isoenzymes, somaclonal variation, shoot tip culture,
Organogenesis

INTRODUCTION

Sugarcane (Saccharum officinarum) is globally the main source of raw material for the
production of sugar. India stands first in area and production among the sugarcane growing
countries of the world. To overcome various constraints prevalent in different agro climatic zones
of the country commercial use of location specific varieties in sugarcane is important. The newly
released varieties take many years to reach the farmers field due to the low seed-multiplication rate
ranging from 1.7 to 1:10. Thus, availability of quality seed of newly released varieties is a major
constraint in their quick adoption for commercial use. Also there i1s a need for quality plant material
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with genetic umiformity of the multiplied plants. Micrepropagation through meristem culture is the
only methodology which can ensure a faster rate of multiplication to ensure quality seed
availability of the new varieties. However, its application is limited due to the occurrence of
somaclonal variation (Cavallini et @l., 1996). Hence it becomes important to detect the presence or
absence of variation in the micropropagated plants.

Biochemical markers like iscenzymes have been used for varietal fingerprinting in sugarcane.
Several researchers have revealed variation among the relatives of sugarcane for peroxidases and
other isozymes (Heinz and Mee, 1969; Manjunatha et «l., 2003; Heinz and Mee, 1971;
Hemaprabha et al., 2004). Micropropagation via callus culture is beneficial in terms of production
of large number of plantlets of a variety in a short period of time but it is required to find out
genetic variation among the regenerated plants. Hence, experiments were conducted to detect the
occurance of variability between and within the calliclones. As described by Larkin and Scoweroft,
{1981), Kvans et al. (1984), Karp (1995) and Zucchi ef al. (2002) chromosomal variability increases
with the increase in time of culture. Keeping this in view analysis using biochemical markers was
carried for plants regenerated up to six subcultures. Iscenzyme markers are simple, reliable, faster
and comparatively cheaper, so population samples can be analyzed at a reasonable cost and time.,
Also the micro propagated plants can be screened for their genetic stability at an early stage.

The technique described here entails standardization of shoot tip culture and detection of
isozyme variation between mericlones and calliclones. Also it addresses the presence and rate of
polymorphism present within the calliclones over a period of time. This will enable to determine the
number of subcultures to be done to get the maximum clones with a minimum of genetic variation.
Also it will help in sereening of genetic variability at the grass root level in the laboratory.

MATERIALS AND METHODS
The tissue culture experiments and the isoenzyme studies were carried out in the Department

of Agricultural Biotechnoclogy of College of Agriculture, Orissa University of Agriculture and
Technology, India from Sept 2001-2004.,

Plant material: The field-collected tops of sugarcane variety Co.87044 (Uttara) (derived from a
cross of Co 62198 and CoC 671, having 19.0% sucrose) was washed thoroughly under running tap
water and pretreated with carbendazim (0.5%) for 10 min followed by hot, water pretreatment for
20 min along with surface sterilization using 70% alcohol for & min and HgCl, (0.1%) for 8 min
{Dash et al., 2007,

In vitro culture via direct regeneration and callusing: In order to study the morphogenetic
response of sugarcane shoot tip, the most widely accepted MS media was supplemented with
6-benzylaminopurine {(BAP), kinetin, naphthalene acetic acid (NAA), 2,4-D) and gibberellic acid
(GA.) at various concentrations. For direct regeneration the sterilized shoot tips were first
inoculated in cell proliferation media and incubated in a light regime of 16 h light and 8 h dark.
After shoot initiation they were sub cultured into shoot multiplication medium at due interval by
subdividing the growing shoots under aseptic conditions over a period of 6 weeks for multiplication.
Subculturing was done for 7-8 cycles of multiplication followed by transferring to rooting media.
For callus induction three level of 2, 4-D [dichlorophenoxyacetic acid] were tested at 3% sugar level
under light and dark conditions of photoperiod. The tubes were dark incubated for seven days
followed by light incubation for shoot regeneration. Full grown callus mass were carefully separated
and transferred to the redifferentiation media under normal light conditions. The callus was sub
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cultured up to 6 generations (R, R, R, R; R, and R,). Healthy elongated shoots were separated from
the clumps and transferred to rooting media.

Crude enzyme and total soluble protein extraction: The leaf samples (approx.500 mg) were
grounded to fine powder with liquid nitrogen and transferred to 1.5 mL eppendroff tubes. Crude
enzyme was extracted at 4°C using 0.2 M cold acetete buffer (pH-5.0). Total soluble protein was
extracted using 10% TCA (w/v) and 1% 2-ME in cold acetone extraction buffer in 4:1 ratio
respectively and incubated for 2 h at —20°C followed by centrifugation at 14,000 g for 15 min with
refrigerated high-speed centrifuge (Sigma-3K 15) at 4°C. The pellet was washed in chilled 100%
acetone till colourless. The washed and colorless pellet was dried to drive off acetone under vacuum
for 5 to 10 min and suspended in 50 mM NaH,PO, (pH-7.0) buffer. The extracted enzyme and
protein was quantified following the procedure of Bradford (1976) and 10 pg of each sample was
used for PAGE. Leaves of normal sett grown plants were taken as contrel. All the experimental
materials were taken at 5-8-leaf stage of the plants.

Electrophoresis: The discontinucus Laemmli system (Laemmli, 1970) was used for the present
study.

Staining gel: The gels were rinsed with distilled water. This was followed by staining immediately
for peroxidase and invertase iscenzymes. The peroxidase staining (50 mL of 1M Sodium acetate,
pH-4.6; 100% Methanol, 50 mL; Benzidine, 50 mg; 30% H,0, 2 mL) was carried cut in dark for
nearly 30 min till brown color bands were cbserved. Observations were recorded without delay as
the minor active bands diffuse after some time. For invertase staining the gel was incubated for
20 min first in a sclution containing 0.1 M sucrese in 0.1 M acetate buffer (pH-4.5) followed by
incubating in a second solution containing 0.3 g 2,3,5- TTZ in 200 mL of 1.0 M NaOH in boiling
water bath till red bands appear. The red bands disappeared within 3-b min. The SDS-PAGE gel
was stained with 1% Coomassie Blue-E-250 overnight and destained appropriately.

Data analysis: The hormones were tested in three sets with 10 meristems per replication per
treatment and analyzed in completely randomized design to study their effect on days to cell
proliferation and shoot initiation, average number of explants showing multiple shoots and multiple
shoots per explant. Significance of treatment effects was tested using analysis of variance using 2
way test (ANOVA, p<0.05). The experiment for callus induction was conducted in four replicates
with 10 explants per replication. The analysis was done as follows:

Average days to callus induection = EN/4 where, [EN, = Total number of days to callus initiation
per treatment, i = 4] and Mean response to callus induction as Number of explants inducing calli
per treatment/4.

The dataset for the 1scenzymes and total seluble protein profiles constituted of nine randomly
selected mericlones and calliclones per culture over six subcultures (R;-E,). The experiment was
conducted to detect presence or absence of isoenzyme polymorphism among the mericlones and
calliclones. All the polymorphic bands were scored for their presence (+) or absence (-) in all the
samples from the isozyme profile as discrete character states. The total number of electrophoretic
bands (T) was based on all the bands observed over samples and control for each clonal generation.
The percent polymorphism was calculated as:

No. of polymorphic electrophoretic bands y
No. of electrophoretic bands

% polymorphism= 100
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RESULTS

Induction of organogenesis and shoot multiplication: The minimum days to tip enlargement
was 2.59 and 2.67 days in a combination treatment of 2.0 mg L™ KIN along with 5.0 mg L™ NAA
without GA, (Fig. 1). The treatment containing 2.0 mg L™ KIN, 5.0 mg L' NAA and 3.0 mg L™*
A, recorded the lowest duration (5.4 days) to shoot initiation. The MS media containing 3% sugar
supplemented with BAP and KIN (1.5 mg ™" each) and GA, (3.0 mg L) resulted in 100% explants
exhibiting shooting (Fig. 2). Presence or absence of gibberellic acid in the media had not influenced
the regeneration frequency of the explants. The media supplemented with equal dose of BAP and
KIN (1.5 mg L.™" in absence of NAA and GA, produced high number (15.50) of multiple shoots. The
average number of effective shoots increased to 15.64 with addition of GA.in the same media
(Fig. 2).

Regeneration via callusing: High dose of 2, 4-D (3.0 mg L™ induced callus formation within
10 days and showed highest Callus Induction Frequency (CIF) of 95% (Fig. 3) under dark
conditions. Callus tissues when transferred to MS media without any harmone supplement. turned
green faster (within 10 days) and formed green microshoots. The microshoots when transferred to
M5 media supplemented with growth hormones formed multiple shoots.

Isoenzyme analysis: Polymorphism was observed for peroxidase isozymes among the mericlones
and calliclones obtained from six subcultures. Most of the mericlones showed similar peroxdase
isozyme pattern as that of the parent. Calliclones regenerated after first subculture (R,) showed a
high degree of electrophoretic polymorphism (87.5%) with respect to peroxidase (Table 1).
Maximum polymorphism (10020) was observed among the regenerants from fifth (K, and sixth (E))
callus subcultures. Electrophoretic analysis of mericlones for invertases indicated absence of
polymorphism among them but calliclones exhibited polymorphism within the same culture and also

301 (a)
—e— Cell proliferation
25- —& Shoot initiaton

20

157

Average No. of days

10

0.5 1 0.5 1
0.5 IKINH IKIN| 1.5 |2KIN|2KIN 05| 1 1 1 2KIN[2K]
BAPH 05 | 1 [BAP+| +4 | +5 B§§+BA1P+ BAP+ KINH KIN+{BAPH| +4 | +5 B(’??BA”
0.5 |NAA |IN 15 INAAINAAL Rl 0s ] os |1 | LS INAANAA| e 1
NAA KIN 0.5 NAA|NAA| NAA| KIN KIN+
. 1 +0.5 1
NAAINAA NAAINAA
No GA 3GA

Growth hormones (mg L")

Fig. 1: Effect of hormones on sugarcane shoot tips initiation and growth
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Fig. 3: Callus induction in sugarcane shoot tips

Table 1: Isoenzyme and TSP polymoaorphism of sugarcane mericlones and calliclones obtained at different stages of subculture

Calliclones
Isoenzyme regenerants Mericlone R, R, R, R; R, Rg
PRX 62.50 87.50 75.00 42.85 83.33 100.00 100.00
INV 0.00 50.00 75.00 75.00 656.66 66.66 66.66
TSP 42.85 100.00 797 87.50 85.71 100.00 88.88
% Polymorphism 47.36 86.95 76.19 658.42 82.60 96.29 88.88

R,-Rg: Callus subcultures, PRX: Peroxidase isoenzyme, INV: Invertase isoenzyme, TSP: Total soluble proteins
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between different subcultures. Lowest polymorphism (50%) was cbserved in regenerants from first
subculture (R;) while maximum polymorphism of 75% was observed in regenerants from second
subculture (R)) and third subculture (R,). From total soluble protein analysis by SDS-PAGE it was
observed that most of the mericlones were similar with that of the parent exhibiting only 42.85%
polymorphism for total soluble proteins. The regenerants from second callus subculture (R))
exhibited the lowest polymorphism (77.77%) followed by the R, regenerants (85.71%).

DISCUSSION

Organogenesis of sugarcane consists of two critical stages. The first stage is shoot tip
enlargement due to cell proliferation which is specifically controlled by endogencus levels of auxins
{Murphy and Briske, 1992) and 1s followed by shoot initiation. The next important stage 1s shoot,
multiplication which is again influenced by a number of factors (media composition, temperature,
photoperiod ete.). Effect of auxin on vascular tissue differentiation seems to be closely dependent,
on the presence of sugars (Bhojwani and Razdan, 2004), It is very interesting to note that addition
of high concentration of NAA increased the rate of cell proliferation and tip enlargement. The result
obtained is in general agreement with those of Hendre ef @l. (1983), Alam ef al. (1995) and
Saini ef al. (2004). Alam el al. (1995) had obtained quick cell proliferation in presence of 4 mg L™
NAA aleng with 0.5-1.0 mg L'BA while, Hendre ef al. (1983) observed shoot elongation in MS
media fortified with 0.01 mg L."! IBA and 0.1 mg L.™! GA,

The growing apical portion produces endogenous auxins (IAA) which stimulate cell enlargement
and development of the growing point. Growth promotive concentrations of auxin have been found
to stimulate the synthesis of both DNA and RNA within the nuclei. This in turn centrols various
metabolic pathways. The sugars are responsible for greater osmotic potential and increased
respiration leading to more synthesis of cell wall material 1.e., cellulose and lipid. These events lead
to cell elongation. Auxin on the other hand causes a preferential movement of nutrients, eytokinins
and other growth promoters towards the shoot tip. This reduces their availability to the lateral buds
inhibiting their further growth. The lateral buds are more sensitive to higher concentrations of
auxins than the apical buds. This inhibition of lateral buds to grow by the presence of apical
meristem 1s known as apical dominance. Presence of apical dominance is an inherent characteristic
of all crops and is predominant in sugarcane. When the growing tip is excised for use as explant
the cells get disturbed and reduces auxin production. So external application of auxins (NAA)
stimulates cell enlargement and helps in cell proliferation and tip enlargement (Morris ef al., 2001;
Boaoker et al., 2003). Quick shoot initiation in presence of GA, NAA and KIN may be primarily due
to the mode of action of the hormones. The effect of gibberellic acid depends on availability of auxin
and conversely auxin induced growth depends on gibherellin (Ralph, 1970). Gibberellin induced
growth i1s mediated by changes in the microtubules and inerease in template activity of DNA,
followed by RNA polymerase activity and synthesis of RINA and proteins. Thus gibberellic acid acts
as gene derepressors and activates some segments of DNA (Bhatia and Parasher, 2003). Cytokinins
are an important regulatory factor of plant meristem activity and morphogenesis, with oppoesing
roles in shoots and roots. Growing on eytokinin rich media can reduce apical dominance leading to
more numbers of shoots (Kozlowski, 1964). High cytokinin concentration is required for meristem
culture t o induce shoot multiplication. The above results are at par with Lal (1992, 1993),
Shukla et al. (1994) and Chattha et al. (2001) for sugarcane. Dhumale et al. (1994) observed that
percentage induction of multiple shoot and mean multiple shoot number were highest (90% and
16.5, respectively) with 3.0 mg L™ BAP+1.0mg L™ TAA. Effect of growth regulators on Shoot-
Tip culture has been demonstrated in Papaya (Kabir et al., 2007).
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Micropropagation via callus culture 1s known to produce large number of shoots as compared
to direct regeneration in the same time period. Auxins applied extrinsically seem to be capable of
erasing the genetically programmed physiology of plant tissues, thereby reverting them to a
dedifferentiated state. It has been suggested that auxins cause changes in DINA methylation
pattern, leading to reprogramming of differentiated cells. Absence of light creates a stress
environment and helps in dedifferentiation of the organized tissues to form unorganized callus
tissues. Auxin destruction occurs by an oxidase system called TAA-oxidase in absence of light.
Oxidation of TAA consumes oxygen and liberates carbondioxide. This in turns leads to release of
monophenols which promote [AA-oxidase activity resulting in very low endogenous auxinsg and no
organ formation (Bhatia and Parasher, 2003). High amount of auxin (3.0 mg L™ 2, 4-D) results
in somatic embryogenesis (Gamborg and Phillips, 1995) but for further growth high auxin content
1s inhibitory and a hormone free medium induces development of somatic embryos which turned
into plantlets. Growth in absence of hormones can be attributed to the growth promoting effect of
hydrolyzed agar (Englivd, 1964). The results are in agreement with those of Mohatkar et al.
{(1993), Nand and Singh (1994) while, Kale et al (2004) obtained quick callus initiation in
1.0 mg L 'of 2,4-D under dark conditions. Use of 3.0 mg L™ 2, 4-D for highest percentage of callus
induction was observed by Karim et al. (2002). Niaz and Azra (2002) reported that Medium
containing BA @1.0 mg L™ performed better than Kinetin with the highest percentage of shoot
induction. Sirmlar results for sheot tip culture was alseo reported by Roy and Kabir (2007).

Several researchers have revealed variation among the relatives of sugarcane for peroxidases
and other 1sozymes (Heinz and Mee, 1969; Manjunatha et al., 2003). Liu and Chen (1978) for
esterases and Nagai ef al. (1991) have conducted isoenzyme analysis to detect and confirm genetic
variation among sugarcane somaclones developed via callus cultures. Hemaprabha ef al. (2004)
used peroxidase, esterase and phosphorylase isoenzyme analysis to detect the relationship between
parental clones and progeny performance in sugarcane. Studies to detect genetic variation or
stability using iscenzymes has also been reported in date coconut (Geethalakshmi et al., 2005) and
palm (Zivdar et al., 2008), respectively.

The electrophoretic gel analysis for peroxidase indicated increase in the number of polymorphic
bands over different subcultures and also within subcultures (Tablel). This indicated that the
meristematic tissues were subjected to high stress environment during in vitro culture. The low
degree of polymorphism among the clones obtained from third callus subculture (R,) indicate that
most of the genetic instability was recovered during redifferentiation of the callus tissues after two
subcultures. This may be due to chromosomal rearrangement and convergence of the variant genes
which had emerged during two subcultures (Brewer, 1970).

The invertase group of sugar catabolising enzymes that control ripening in sugarcane; high
level of acid invertases (in vacuole) and low level of neutral invertase (in cytoplasm) are assocciated
with rapid vegetative growth whereas the reverse pattern is associated with ripening (Mamat and
Galwey, 1999). The hydrolysis of sugars by this enzyme is the principal mechanism by which
hexose sugars are released for the metabolism in tissues undergoing rapid cell expansion (Alaoui-
Sosse ef al., 1996). The activity of invertases is high in early stages of development and decreases
with maturation. Thus study of invertase 1sozymes can be useful to detect variation in the
micropropagated sugarcane plantlets at an early stage of development. Hence, selection of clones
for invertase stability at the lab level will probably lead to less variation for sucrose content, at the
field level. Most of the regenerants from third subculture (R,) were 100% similar and the two
variants were more than 85% similar with the parent. The above findings point to the fact that
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Table 2: A scheme for easy and quick detection of in vitro generated genetic variation

Stages Analysis

Stage-1 Invertase isozyme analysis
Native page Stage-II Peroxidase isoenzyme analysis
SDS page Stage-IIT Total soluble protein analysis

there may be variation in final sucrose concentration of the mature stems obtained from calliclones
while the mericlones and the R, regenerants may not show any variation in final sucrose
concentration of the mature stems.

High polymorphism among the calliclones and mericlones for total soluble protein may be due
to changes in sequential expression of various genes controlling cell cyele and production of special
type of proteins (Sethi and Mukherjee, 1990). High amount of growth regulators especially auxin
used in the culture media induced stress leading to under or over expression of the genes. This must
have resulted in production of new proteins and suppressed production of other proteins (Kalra and
Bhatia, 1996). Mericlones exhibited polymorphism with respect to peroxdase (66%) and total
soluble proteins (42.85%) electrophoretic patterns but did not show any polymorphism for
invertases. On comparing the calliclones with the mericlones, it was observed that the trend of
increase Iin  genetic instability over the three characters was as follows:
Mericlones<R,<R,<R.<R,<R.<R,. Over the subecultures the trend observed was INV<PRX<TSP. [t
was observed that K, clones exhibited low degree of polymorphism as compared to other calliclones.
Decrease in percent polymorphism in R, may be due to convergence of the variant genes which had
emerged during two subcultures. The high percent polymorphism for total soluble proteins (86.11%)
among the clenes and within the clones indicates that lot of change is occurring in most or all of the
genes coding for different leaf proteins during callus phase. The changes may be in form of DNA
methylation, addition or deletion of base pairs during callus tissue redifferentiation which result
in a transeription for a different polypeptide.

CONCLUSION

Micropropagation by callus culture can be advanced up to third subculture to obtain large
number of plantlets with minimum variability from that of the parental genctype. The intrinsic
variability present in the sugarcane clones and the in vitro generated variability can be easily
detected by use of 1sozyme markers and total protein markers (Table 2). This analysis can be done
at the regeneration stage of mass propagation at the grass root level to rough out the off types
before planting the clones in the field. Thus the present technique of shoot tip culture may be used
to maintain varietal purity of a sugarcane hybrid like that of a breeder seed in conventionally
propagated variety which will be of great benefit to the farmers.
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