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ABSTRACT

The use of leaf roll discs for in vitro propagation and genetic transformation of sugarcane was investigated. For in vitro propagation, three
varieties namely, M 3035/66, S 17 and R 570 were used, and the number of shoots produced from leaf roll discs was compared to that of
apical buds. No shoots were regenerated from apical buds of variety S 17 following a culture period of 24 weeks, as they were all either
contaminated or oxidized. With M 3035/66 and R 570, only few shoots were obtained. On the other hand, using leaf roll discs, contamina-
tion and oxidation were minimal resulting in more than 70% of the cultured explants forming shoots. Prolific shoot regeneration occurred
in all three varieties with a total of 400 and 280 shoot clumps produced in varieties M 3035/66 and S 17 respectively, and 250 clumps in R
570. For genetic transformation, leaf roll discs of varieties M 292/70 and M 3035/66, pre-cultured for 10 days on callus induction medium,
were bombarded with plasmid pAHC25 containing the gus and bar genes using the Bio-Rad PDS-1000/He Particle Delivery System.
After selection on bialaphos, 66 and 24 plants of M 3035/66 and M 292/70 were respectively regenerated and transferred to the
glasshouse. Fifty-cight well-established plants of M 3035/66 and 17 of M 292/70 were sprayed with 0.1% herbicide Basta® four weeks
later. Two plants of the latter variety were highly resistant to the herbicide whilst one displayed moderate tolerance. Upon analysis by
PCR, all three plants were found to contain the bar gene. For M 3035/66, seven plants with a functional bar gene were obtained. Gene

integration was confirmed by Southern blot analysis.
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INTRODUCTION

Sugarcane (Saccharum spp. hybrid) is a crop of major
worldwide economic importance, with an estimated sugar
production of 169.8 million tonnes in 2007-2008 (FAO
2011). It is also a prime candidate as a fuel crop because of
its high biomass. In order to increase its rate of multiplica-
tion compared to conventional sett-based propagation
method, tissue culture techniques have been investigated
and conclusive results obtained. For instance, Hendre et al.
(1983) reported that it was possible to produce some
260,000 shoots from a single shoot tip in four months out of
which some 200,000 could be rooted within another two
months. Using shoot tip culture also, Lee (1987) obtained
more than 78,000 plantlets in three months whilst Lal and
Singh (1994) found that the multiplication rate of shoots
increased by 18.5-fold in a 17-20 day culture on modified
MS medium containing kinetin and 6-BAP. In Brazil, a
monthly average production of 50,000 plantlets has been
reported (Uchoa et al. 1995) whereas in Mauritius, more
than 165,000 plantlets were produced in 1999 (MSIRI
1999). Large scale production of sugarcane through micro-
progation has also been reported by Ali et al. (2008) using
shoot apical meristems as explants. Similarly, a high
throughput propagation system for production of disease-
free planting stocks of sugarcane using apical meristem
culture has been reported by Sharma ef al. (2010).

Different explants can be used for in vitro propagation
of sugarcane. In the early days, micropropagules derived
from calli were used for establishing disease-free nurseries
but nowadays the preferred method is by meristem or bud
proliferation where the risk of somaclonal variation is negli-
gible. Bud culture, however, has some disadvantages. For
some varieties, intrinsic contamination in the bud cultures,
especially axillary buds, can be a major problem (Taylor

and Dukic 1993; Mulleegadoo and Dookun 1999) and
sometimes not detectable until the second or third subcul-
ture, whilst for others, shoot proliferation from a single bud
can be slow. Oxidation can also be a problem hindering
shoot development (Mulleegadoo and Dookun 1999).

In Mauritius, these problems have been recurrent for
bud cultures initiated from old ratoon crops and the produc-
tion of tissue-culture plantlets has been very difficult for
some varieties. For instance, a recent attempt to initiate api-
cal bud cultures of three sugarcane varieties, M 3035/66, S
17 and R 570, that have been growing in the field for about
14 years, has failed as a result of high contamination. These
varieties have been extensively cultivated but their yields
have declined over the years (MSIRI 2004). Consequently,
it was proposed to set up new trials from tissue-culture
plantlets for yield comparison. In the present study, an
alternative approach for the production of in vitro plantlets
of sugarcane using leaf roll discs as explants was inves-
tigated and compared with apical bud culture. A similar
approach, the SmartSett™ technology, has been used in
Australia and has given good results. Shoot regeneration
was prolific with a 20- to 125-fold increase, depending on
the cultivar, over the number of plants produced from a
stalk (Geijskes et al. 2003).

Genetic transformation has been identified as a useful
tool for sugarcane improvement because breeding advances
by conventional methods are slow due to the genetic com-
plexity of the plant and its low fertility. Sugarcane has been
transformed in several laboratories for a range of agronomic
traits including resistance to herbicides (Gallo-Meagher and
Irvine 1996; CTC 1997-1998; Snyman et al. 1998; MSIRI
1999), viruses (Joyce et al. 1998), bacteria (Zhang et al.
1999) and insects (Smith ez al. 1999). More recently, novel
traits such as bioplastic production (Brumbley et al. 2003)
and increased sugar content (Wu and Birch 2007) have been
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introduced into sugarcane.

Embryogenic callus has been the preferred recipient
material for DNA delivery into sugarcane using micropro-
jectile bombardment. Production of callus is, however, a
labour-intensive process that requires regular subcultures.
Moreover, depending upon varieties, about three to four
months are required before sufficient callus is obtained,
thereby increasing the time for production of transgenic
plants. In order to overcome these constraints in transfor-
mation programmes, alternative explant sources and regene-
ration pathways have been investigated. An approach using
leaf roll discs as targets for the production of transgenic
sugarcane (Snyman et al. 2001; Mulleegadoo and Dookun-
Saumtally 2005) has given promising results. However, in
the latter study, a high percentage of escapes was obtained.
The aim of the present study was, therefore, to further in-
vestigate the leaf roll disc bombardment system and selec-
tive regeneration scheme in order to improve the transfor-
mation efficiency. The effect of modifying the regeneration
pathway to include a selective callus phase prior to regene-
ration was determined. Two varieties, M 292/70 and M
30335/66, were used in this study.

MATERIALS AND METHODS
Micropropagation
1. Apical bud culture

Three commercial varieties namely, M 3035/66, S 17 and R 570
were used. Cane tops from 14 year-old ratoon crops were surface-
sterilized in a six-fold dilution commercial bleach containing
3.25% active chlorine for 15 min and rinsed in three changes of
sterile distilled water. Enclosing leaf sheaths were removed and
young buds were dissected and cultured on initiation medium
(Mulleegadoo and Dookun 1999) in a 16-h photoperiod. Regene-
rated shoots were micropropagated in liquid multiplication
medium (Mulleegadoo and Dookun 1999) and the total number of
shoots regenerated after 24 weeks were counted. Six cane tops
were used for each variety and a total of 24 and 22 apical buds
were initiated for varieties M 3035/66 and S 17 respectively. For
variety R 570, 26 buds were cultured.

2. Leaf'roll disc culture

For leaf roll disc culture, cane tops were sterilized as for apical
bud culture. Outermost leaf sheaths were aseptically removed and
segments of young leaf roll discs about 2 mm thick were cultured
in continuous darkness at 26°C on callus induction medium -Cl;
(Gallo-Meagher and Irvine 1996). Six cane tops were used for
each variety and 20 leaf roll discs per cane top were cultured.

Two weeks later, the leaf roll discs were transferred to regene-
ration medium in a 16-h photoperiod. That medium was similar to
CI; medium except that it lacked 2,4-D and contained 2 mg It
kinetin and 5 mg 1! NAA. After 4-6 weeks, the cultures were
transferred to hormone-free solid MS (Murashige and Skoog
1962) medium. When the shoots reached two to three cm in height,
they were transferred to liquid MS medium. Subculture onto fresh
medium was effected every 2-3 weeks and each clump of shoots
was split into individual plants or smaller clumps for further multi-
plication. As for apical bud culture, shoot multiplication was
monitored over a 24-week period.

Genetic transformation
1. Target tissue

Immature leaf rolls of sugarcane varieties, M 292/70 and M
3035/66 obtained from field-grown plants were used. Cane tops
were surface-sterilised as described earlier and leaf roll discs were
cultured on CI; medium for 10 days. Prior to bombardment, leaf
roll discs were arranged in a circle, 2.5 ¢cm in diameter, in a Petri
dish containing an osmotic medium - CI; medium supplemented
with 0.2 M mannitol and 0.2 M sorbitol. They were osmotically
treated for 4 h prior to and 4 h after bombardment. A total of 20
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Petri dishes were bombarded for each variety.
2. Microprojectile bombardment

Plasmid pAHC25 (Christensen and Quail 1996) containing the f3-
glucuronidase (gus) and bar genes both under the control of the
maize ubiquitin promoter was precipitated onto gold microcarriers
as described previously (Mulleegadoo and Dookun-Saumtally
2005). The bar gene encodes the enzyme phosphinothricin acetyl
transferase which detoxifies phosphinothricin (PPT) and its deri-
vatives which are the active ingredients of the herbicide Basta®.

The Bio-Rad PDS-1000/He Particle Delivery System was
used to accelerate the DNA-coated microcarriers onto the leaf roll
discs. The cultures were placed at a distance of 6 cm from the
macrocarrier launch assembly and were bombarded at 1550 psi
under 27 in. Hg vacuum. Controls consisted of non-bombarded tis-
sues. Four hours after bombardment, the leaf rolls were transferred
from the osmotic medium to Cl; medium.

3. Histochemical GUS assay

Two days after bombardment, GUS activity was histochemically
assayed in randomly selected leaf rolls following the protocol des-
cribed by Jefferson et al. (1987) using X-GLUC as substrate.

4. Selective regeneration

Six days after bombardment, leaf roll discs of variety M 3036/66
were transferred onto selective callus medium containing 6 mg ™'
bialaphos, and they were subcultured onto fresh medium every
two weeks. Six weeks later, they were transferred onto regenera-
tion medium containing 5 mg I""' NAA, 2 mg I Kinetin (Irvine
and Benda 1985) and 2 mg I"' bialaphos, in a 16-h photoperiod.
For variety M 292/70, which was observed to be more susceptible
to bialaphos in preliminary experiments, the concentration of the
selective agent used in the callus and regeneration media was 3 mg
1" and 1 mg I'"" respectively. Shoots were rooted on medium con-
taining 4 mg I”' NAA and 2 mg I"! bialaphos. Plantlets with a well-
established root system were transferred to the glasshouse.

5. Herbicide test

Four weeks after transfer to the glasshouse, all established plants
were sprayed with a 0.1% solution (v/v) of the herbicide Basta®, a
commercial formulation of glufosinate ammonium (140 g I'"). The
plants were scored for herbicide tolerance 10 days later.

6. DNA extraction and polymerase chain reaction (PCR)

Genomic DNA was extracted from leaf tissue of resistant plants
using a CTAB (hexadecyltrimethylammonium bromide) extraction
procedure based on Doyle and Doyle (1987). The presence of the
bar gene in putative transformants was determined by PCR using
primers 5-TCAGATCTCGGTGACGGGCA-3' and 5-CCATGA
GCCCAGAACGACGCCCG-3' which amplify an internal 560-bp
fragment of the gene. Thermocycling conditions were as follows:
94°C for 5 min, 55°C for 1 min and 72°C for 2 min followed by
30 cycles at 94°C for 45 s, 55°C for 45 s and 72°C for 2 min. The
final extension step was for 7 min at 72°C. PCR products were
analysed on 1% agarose gel.

7. Southern blot analysis

Southern blot analysis was carried out using a digoxigenin-
labelled probe. The probe was prepared using a Dig PCR Probe
Synthesis Kit (Roche Products) using primers to amplify frag-
ments internal to the bar coding region according to the manufac-
turer’s instructions. Fifteen pg of DNA were restricted with EcoRI,
electrophoresed overnight in a 0.8% agarose gel and transferred to
a nylon membrane using standard procedures (Sambrook et al.,
1989). Membranes were hybridized overnight, washed twice in 2X
SSC, 0.1% SDS and twice in 0.5X SSC, 0.1% SDS. CDP-Star
(Roche Products) was used as the chemiluminescent substrate and
the light signals were detected on an X-Ray film.
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RESULTS
Micropropagation
1. Apical bud culture

Using apical buds, shoot development did not occur or was
very poor in all three varieties. For variety M 3035/66, out
of the 24 buds cultured, only four developed into shoots
after eight weeks, the rest being either contaminated or
oxidized (Table 1). Shoot multiplication was also poor and
after 24 weeks culture only 12 shoots were formed. In R 570,
shoot development was even poorer. Out of 26 buds cul-
tured, only two developed into shoots and after multiplica-
tion, a total of six shoots were obtained. With variety S 17,
it was not possible to regenerate shoots as all 22 buds initi-
ated were either contaminated with saprophytic organisms
or oxidized (Table 1).

2. Leaf'roll disc culture

On CI; medium, the leaf roll discs enlarged and a small
amount of callus formed on the cut surface of some leaf roll
discs. Upon transfer to regeneration medium, some callus
formed in nearly all the leaf roll discs and in a few of them,
small globular embryos were observed. One to two weeks
after transfer to regeneration medium, small shoot primor-
dia emerged from the callus in the three varieties. Shoots
were transferred to hormone-free MS medium and subcul-
tured onto fresh medium every two to three weeks.

Contamination and/or oxidation was minimal. Out of
120 leaf roll discs cultured per variety, fewer than 35 were
contaminated or were oxidized. This is a significant im-
provement as in apical bud culture a very high rate of con-
tamination/oxidation was obtained when explants were
taken from similarly grown mother plants.

In variety M 3035/66, shoot clumps were formed five
weeks after culture initiation (Fig. 1) and two weeks later,
well-developed clumps were transferred to liquid MS
medium for micropropagation. Tillering was highly prolific
in this variety and 15 weeks after culture initiation, more
than 275 shoot clumps were regenerated. Nine weeks later,
400 shoot clumps were obtained (Table 1). In varieties S 17
and R 570, although growth was slower and tillering not as
vigorous as in M 3035/66, prolific shoot regeneration was
also observed. Shoot clumps formed seven weeks after cul-
ture initiation in S 17 and five weeks later, 50 shoot clumps
were transferred to liquid MS medium. Twenty-four weeks
after culture initiation, 280 shoot clumps were obtained. In
variety R 570, more than 100 shoot clumps were regene-
rated within 14 weeks of culture and 10 weeks later, 250
clumps were produced (Table 1). With an average produc-
tion of five single shoots per shoot clump, between 1250
and 2000 single shoots were regenerated from leaf roll discs
depending on the variety.

Genetic transformation
1. Transient GUS assay
Two days after bombardment, histochemical gus assays

were performed on leaf rolls and several intense blue spots
were observed, indicating efficient delivery of the plasmid

to the target tissues (Fig. 2).
2. Regeneration

Six days after bombardment, the bombarded tissues were
transferred to selective callus medium containing 3 or 6
mg/L bialaphos. They were cultured for a period of six
weeks before transfer under light to regeneration medium
containing 1 or 2 mg/L bialaphos. On CI; medium, callus
formed on the cut surfaces of the leaf roll discs and four to
six weeks after transfer to regeneration medium, green
shoot primordia could be seen emerging from the callus.
Most of the leaf roll discs were, however, no longer viable
after exposure to the selective agent and this was probably
due to the fact that light accelerates the phytotoxic effect of
the herbicide (Casas et al. 1993). Twenty to twenty-six
weeks after bombardment, 24 plantlets of M 292/70 and 66
of M 3035/66 with a well-established root system were
transferred to the glasshouse.

3. Herbicide test and molecular analysis

Four weeks after transfer to the glasshouse, 17 well-estab-
lished plants of M 292/70 together with non-transformed
controls were sprayed with a 0.1% solution of the herbicide
Basta” and they were assessed for tolerance 10 days later.
Two plants displayed high resistance to the herbicide with
all leaves remaining green, one moderate resistance where-
by some necrosed spots were observed while the others
were as severely necrosed as the non-transformed controls.
For M 3035/66, out of 58 well-established plants that were
treated with the herbicide, seven were highly resistant
whilst the others displayed severe necrosis.

PCR analysis was performed on the 10 resistant plants
to detect the presence of the bar gene, and a band cor-
responding to the expected 560 bp amplifiable fragment of
the gene was obtained in all plants (Fig. 3). Gene integ-
ration was confirmed by Southern blot analysis by the pre-
sence of a 1481 bp band, after digestion of genomic DNA
with EcoRI and hybridization with a PCR Dig-labelled bar
probe (results not shown).

DISCUSSION

The results in this study demonstrate that leaf roll discs can
be successfully used for the production of in vitro plantlets
from sugarcane varieties that have been in the field for
many years. In comparison to apical bud culture whereby
contamination and oxidation were major problems hin-
dering shoot regeneration, in leaf disc culture more than
70% of the initiated explants formed shoots. Thus in variety
S 17, no shoots were regenerated for apical bud culture as
opposed to more than 275 shoot clumps obtained for leaf
disc culture from the same number of cane tops. Similarly
for varieties M 3036/66 and R 570, very few shoots were
regenerated from apical bud culture compared to prolific
shoot regeneration for leaf disc culture. In a previous study,
Mulleegadoo and Dookun (1999) also reported that con-
tamination was a serious problem in axillary bud cultures of
sugarcane in the three varieties under study. For apical bud
culture, although contamination was less severe, oxidation
was a problem hindering shoot development. The higher
level of contamination/ oxidation observed in this study

Table 1 Shoot regeneration from apical buds and leaf roll discs of three sugarcane varieties.

Variety Explant source
Apical buds* Leaf roll discs*
No initiated % contamination / Total number of No initiated % contamination / Total number of
oxidation shoots formed after oxidation shoot clumps formed
24 weeks after 24 weeks

M 3035/66 24 83 12 120 21 400
S 17 22 100 0 120 28 280
R 570 26 92 6 120 25 250

*Both apical buds and leaf roll discs were obtained from six cane tops
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Fig. 1 Different stages in shoot regeneration from leaf roll discs of variety M 3035/66. (A) Dissection of leaf roll discs from sugarcane top; (B) Culture
on callus induction medium; (C) Formation of shoot primordia after transfer to regeneration medium; (D, E) Shoot regeneration.

Fig. 2 Transient gus expression in leaf roll discs.

560 by

Fig. 3 PCR analysis for the detection of the bar gene in sugarcane
plants. Lanes 1, 2, 3: transformed plants; lane 4: untransformed plant;
lane 5: positive plasmid control; lane 6: molecular weight marker (100 bp
ladder).

with apical buds was most probably due to the fact that
buds were taken from old ratoon field-grown crops.

The low level of contamination coupled with the pro-
lific shoot regeneration obtained with leaf roll disc culture
imply that far less resources as well as starting material
would be required in the culture initiation process using
these explants. Thus, leaf roll disc culture of sugarcane
could replace apical bud culture when contamination and

oxidation are major setbacks in the culture initiation process.

Our results have further demonstrated that leaf roll discs
can be used as targets for the production of transgenic
sugarcane. Previous studies (Snyman et al. 2001; Mullee-
gadoo and Dookun-Saumtally 2005) also reported on the
use of primary explants of sugarcane as targets for micro-
projectile bombardment. Bombardment of primary explants
has also been used in other monocotyledonous plants such
as orchardgrass (Denchev et al. 1997), maize (Brettschnei-
der et al. 1997), wheat (Barro ef al. 1998), rice (Vain ef al.
1998) and barley (Cho et al. 1999) whereby leaf tissue, scu-
tellar tissue, immature embryos and endosperm have been
used as targets.

The time lapse from bombardment to generation of
transgenic sugarcane plants was between 20 and 26 weeks,
as opposed to a period of seven to eight months reported in
a recent study using embryogenic callus as targets (Mullee-
gadoo and Dookun-Saumtally 2009). Similarly, in their stu-
dies with leaf roll discs, Snyman et al. (2001) obtained
transgenic plants within a period of 13 to 22 weeks com-

pared to some 36 weeks using embryogenic callus as targets.
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Ingelbrecht et al. (1999) reported a lapse of about 24 weeks
from bombardment to production of transgenic plants. The
age of the callus was between 7 and 40 weeks. Our previous
studies (results unpublished) have shown that callus, suita-
ble for bombardment, was obtained 10 to 14 weeks after
initiation, depending upon varieties. Regular subcultures,
every three to four weeks, onto fresh medium were also re-
quired. Similarly, Taylor et al. (1992) found that sugarcane
embryogenic callus was established after 70 to 84 days in
culture. The above results with direct bombardment of leaf
roll discs therefore indicate a substantial time saving for the
production of transgenic plants.

Three transgenic herbicide-resistant plants of variety M
292/70 were produced using a selective callus phase with 3
mg 1" bialaphos and regeneration on 1 mg I'' bialaphos.
The 14 herbicide-susceptible plants probably contained a
silenced bar gene or were escapes produced from an in-
adequate selection regime. With variety M 3035/66, 7 out of
58 plants contained a functional bar gene. The transfor-
mation efficiencies expressed in terms of herbicide-resistant
plants per bombardment was 0.15 and 0.35 for varieties M
292/70 and M 30305/66, respectively. In a previous study,
two transgenic herbicide-resistant plants of variety M
292/70, out of a total of 17, were obtained using bombard-
ment of leaf rolls and direct regeneration on 1 mg 1" biala-
phos (Mulleegadoo and Dookun-Saumtally 2005). These
results indicate that a modification of the selection scheme
to include a selective callus phase on high-bialaphos con-
taining medium, prior to regeneration, was still inadequate
as it did not reduce the escape rate. The high escape rate
could actually be due to the selective agent used in the
study as similar results have been reported by other authors.
For instance, Gallo-Meagher and Irvine (1996) reported an
escape rate of forty-one percent and transformation effici-
ency of 1.5 transgenic plants per bombardment with variety
NCo 310 after selection for eight months on bialaphos-
containing media. Bower et al. (1996) found that selection
on phosphinotricin was problematic in cultivar Q 117 due to
extreme variation in the concentration required to kill callus.
On the other hand, selection on geneticin was reliable, and
an escape rate of less than 5% and high transformation ef-
ficiency of 20 transgenic plants per bombardment was ob-
tained. A high transformation efficiency, using geneticin,
has also been reported by Falco et al. (2000) using bom-
bardment of embryogenic callus. On the other hand, in our
work, using conventional callus bombardment method and
selection on bialaphos, an escape rate of 91% was obtained
(Mulleegadoo and Dookun-Saumtally 2009).

In conclusion, our results have shown that micropropa-
gation of sugarcane can be substantially enhanced using
leaf roll discs, and would be an advantage in varieties where
contamination and oxidation of apical buds hinder the
culture initiation process. Leaf roll discs have also been
found to be potential targets for genetic transformation.
However, in order to effectively compare the transformation
efficiencies of leaf roll discs as opposed to embryogenic
callus bombardment systems, in terms of number of trans-
genic plants recovered per bombardment, time taken and
input of resources for callus production, both systems need
to be further evaluated concurrently using geneticin as the
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selective agent.
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