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Abstract In the present study, in vitro selection tech-
nique using pathogen culture filtrate of Colletotrichum
falcatum Went was employed with the aim to identify
associations (if any), between selection at the cellular and
plant level for red rot resistance in sugarcane (Saccharum
sp.). Five to eight months old sugarcane calli of genotypes
CoJ 88 and CoJ 64 were screened in vitro against pathogen
culture filtrate for two selection cycles. Effect of pathogen
culture filtrate on callus survival and/or proliferation was
observed to be directly related to its concentration in the
selection media. Calli survived and exhibited further pro-
liferation at 5, 10 and 15% v/v pathogen culture filtrate
concentrations whereas, at higher concentrations (20 and
25% vlIv) proliferation was completely inhibited. Shoot
regeneration percent was higher in calli selected on 5%
pathogen culture filtrate concentration than those selected
on 10 and 15% concentrations. In vivo screening of field
transferred somaclones against two pathtypes (Cf 03 and Cf
08) showed considerable variation for red rot resistance.
Somaclones regenerated from resistant and/or tolerant calli
exhibited better resistance than the parental genotypes. The
results indicated that in vitro selection for red rot resistance
was effective and expressed when somaclones were
screened in the field. This indicated a positive association
between in vitro and in vivo methods of selection for dis-
ease resistance in sugarcane.
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Introduction

Sugarcane is an economic and highly productive crop used
as the chief source of sugar for centuries and recently to
produce ethanol, a renewable energy source of bio fuel.
Red rot caused by Colletotrichum falcatum went is a
devastating fungal disease of sugarcane. It reduces yield
and causes a deterioration in juice quality, leading to
economic losses for both growers and millers. It occurs in
many cane growing countries but a continuous threat for
subtropical countries. Most commercial varieties in India
are susceptible to red rot to varying degrees. Besides
causing losses in yield and quality, it is also responsible for
varietal failure in this crop. Thus, a number of elite vari-
eties like BO 70, BO 74, Co 213, -312, -453, Co 1148 and
CoS 510 have been wiped out due to susceptibility to this
disease (Rafay 1950; Chona and Srivastava 1960; Kirtikar
et al. 1972; Singh et al. 1985).

Use of resistant varieties is the most satisfactory, long
lasting and economical means of fighting to this disease.
Resistance of a variety breaks down and become suscep-
tible with time due to the emergence of new highly virulent
pathotypes of C. falcatum. Selection and development of
genotypes resistant to red rot, coupled with high yield and
improved quality traits, requires a long time in this vege-
tatively propagated crop through conventional breeding
programme. In vitro selection approach appears a new tool
to rectify specific defects and/or to improve a specific
desirable trait of highly adapted sugarcane cultivars with-
out involving a sexual cycle. This technique is considered
particularly useful in improving vegetatively propagated
crops, as the mutated character can be maintained through
asexual propagation. Selection of resistant cells and callus
cultures in vitro followed by regeneration of resistant
plants has been utilized as a direct application of the cell
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culture approach to crop improvement. The most common
approach to select disease resistant lines in culture has been
to use phytotoxic fungal culture filtrate or purified toxins
produced by the pathogen (Behnke 1979; Strobel 1982;
Wenzel 1985; Daub 1986; Chawla et al. 1987; Mohanraj
et al. 1995, 2003, 2004). A positive correlation has been
found between toxin resistance in vitro at the cellular level
and resistance to the pathogen at the plant level (Thanutong
et al. 1983; Mitchell 1984; Nyange et al. 1995; Rines and
Luke 1995; Jayasankar et al. 2000; Prasad and Naik 2000).
In vitro selection in sugarcane has been used for selection
of eye spot resistant lines (Heinz et al. 1977; Larkin and
Scowcroft 1983; Prasad and Naik 2000), red rot resistance
(Mohanraj et al. 2003), salt stress (Gandonou et al. 2004)
and drought stress (Errabii et al. 2006). In present study the
phytotoxic effects of pathogen culture filtrate (PCF) on
5-8 months old sugarcane calli and association between
selection at callus and plant levels were studied for red rot
resistance.

Materials and methods
Plant material

This study was conducted on two commercial sugarcane
genotypes namely CoJ 88 and CoJ 64 classified as mod-
erately and highly susceptible to red rot, respectively.
Healthy spindles of these varieties were obtained from
sugarcane research station, Ladhowal, Punjab Agricultural
University, Ludhiana (India).

Callus initiation and induction of somatic
embryogenesis

The explants used for callus initiation comprised of apical
spindle tips. Explants were prepared for surface sterilization
with Teepol™ (0.5% v/v) for 5-10 min under tap water.
They were further treated with Bavistin (0.25% w/v) solution
and placed in a rotary shaker for 10 min of rigorous shaking.
Finally, the explants were treated with HgCl, (0.1% w/v) for
10 min under aseptic conditions in laminar air flow system
followed by rinsing thrice with autoclaved distilled water.
These sterilized spindles were used as explants for callus
induction on callus initiation MS medium (Murashige and
Skoog 1962) supplemented with 2,4-dichlorophenoxyacetic
acid (2-4-p) (4 mg 17" + kinetin (0.5 mg1™") + inositol
(560 mg 17" + proline (100 mg 17") + sucrose (30 g 17").
Initiated callus was excised and subsequently subcultured on
MS medium containing 2,4-p (2.5 mg 1™") + kinetin (0.5
mg 17") + inositol (560 mg 17") + proline (100 mg 1™ ")
+ sucrose (30 g 17" after 5 weeks of primary culture. The
medium was solidified with 0.8% agar and pH adjusted at 5.8
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using 0.1N HCI/0.1N NaOH prior to autoclaving at 121.6°C
and 108.0 kPa for 20.0 min. The cultures were maintained at
25 + 2°C in culture tubes under dark conditions. Embryo-
genic calli, identified by their nodular appearance, were
selectively excised after 4 weeks of growth and transferred to
fresh MS medium. The process was continued for
18-36 weeks for proliferation and induction of somaclonal
variation. All chemicals used were of analytical grade
(Sigma Chemicals Co. USA, Merck, Hi-Media and Quali-
gens India Ltd.).

Isolation, maintenance and multiplication of the red rot
pathogen

Red rot pathogen was isolated from naturally infected
canes of the genotypes CoJ 84 and CoJ 64. Setts were
surface sterilized with 90% ethanol and longitudinally split
open with sharp knife. The bits taken from diseased tissue
were cultured on oat meal agar medium [Champion white
oat (30 g 171) (Hindustan Vegetable Oils Co. Litd,
India) + agar (20 g 17")] slants. Single spore isolates were
maintained on oat meal agar slants at 4 £ 2°C and renewed
periodically. Fungal isolates were multiplied on oat meal
agar medium in Petri dishes (9 x 15 mm) at 25 £ 2°C.

Fractionation of the pathogen culture filtrate

Three mycelial discs (10 mm) of 4-week old fungal culture
were inoculated in 100 ml oat meal liquid medium in
250 ml Erlenmeyer flasks. The flasks were incubated in a
rotary shaker set at, 75 rpm, 25 £ 2°C for 20 days. The
culture filtrate containing the phytotoxic compounds was
filtered through several layers of sterilized cheesecloth. The
culture filtrate and crushed spores were pooled, homoge-
nized and further filtered through Seitz Filter (0.45 pum) to
remove mycelium and spores. The pH of culture filtrate
was adjusted to 5.8 by addition of 1N NaCl/NaOH. Finally,
the pathogen culture filtrate was filter sterilized through
syringe-driven, disposable membrane filters (Millipore™,
Millipore Corporation, Bedford, MA, USA) having 0.5 um
pore size and stored at 4°C.

In vitro selection and plant regeneration

Selection medium was prepared by adding filter-sterilized
volumes of PCF to the autoclaved molten MS medium
incorporated with 24-p (2.5 mg 171) + kinetin (0.5
mg 17" + inositol (560 mg 17") + proline (100 mg 17"
+ sucrose (30 g 171) to provide concentrations of (5, 10,
15, 20 and 25% v/v). Calli of differing ages (5, 6, 7 and
8 month old) were cultured on the toxic media in test tubes.
The cultures were incubated at 25 & 2°C in the dark for
two selection cycles (each selection cycle of 5 weeks).
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Percent callus survival was calculated for each treatment to
study the effect of PCF on callus survival and/or prolifer-
ation. The overall means were expressed as arc sine
transformations as per statistical methods (Gomez and
Gomez 1976). Factorial CRD was calculated as per the
statistical programme CPCS 1 (Cheema and Singh 1993).
After two selection cycles on PCF incorporated media,
calli showing resistance and/or tolerance were selected in
vitro and incubated on regeneration medium [MS +
6-benzyl amino purine (BAP) 1.0 mg 1~ + indole-3-ace-
tic acid (IAA) 0.2 mg1™' + inositol 560 mg1~' +
proline 100 mg 17" + sucrose 30 g 17']. Regenerated
plants were elongated on 2 MS medium devoid of hor-
mones. Rooting was initiated on medium containing MS +
indole-3-butyric acid (IBA) 2 mg 17" + naphthalene acetic
acid (NAA) 3 mg 1" + inositol (560 mg 1~") + proline
(100 mg 1_1) + sucrose (60 g 1_1). All cultures were
incubated in 16 h light/8 h dark photoperiod under light
intensity of 50 uE m? s~' provided by cool white fluores-
cent light. Plantlets with developed roots were hardened at
25 &+ 2°C with 55% relative humidity in incubation room
for 4-5 days. Plantlets were shifted to polybags containing
field soil with farmyard manure and kept in a glass house
for 10-12 weeks at 30 £ 5°C and 70-80% humidity.
Thereafter, plantlets were transferred to the field and
planted in a completely randomized design (CRD).

In vivo screening of somaclones for red rot resistance

Somaclones transferred to the field were evaluated for red
rot resistance against two pathoypes, Cf 08 (isolated from
sugarcane genotype CoJ 84) and Cf 03 (isolated from
sugarcane genotype CoJ 64) of C. falcatum, at 180 days
after transplanting through artificial inoculation (spore
suspension 1 x 106 per ml) by plug method (Srinivasan
and Bhatt 1961). The inoculations were done on the middle
of third exposed internode from bottom. Bore holes were
made with Indian institute of sugarcane research (IISR),
cane inoculator and 1 ml of spore suspension was injected
into bore holes of each cane. Holes were immediately
sealed with plasticine to avoid aerial contamination. After a
further 60 days, the inoculated canes were split open lon-
gitudinally and graded as resistant (R), intermediate (I) and
susceptible (S) to red rot based on 0-9 scale developed at
Sugarcane Breeding Institute, Coimbatore (India).

Results
Effect of pathogen culture filtrate on callus growth

A differential effect was observed on callus survival and/or
proliferation when 5-8 months old sugarcane calli were

treated with different concentrations of PCF (Table 1).
Pathogen culture filtrate inhibited callus growth and degree
of inhibition was observed to be directly related to the
concentration in the selection medium. Callus survival and
subsequent proliferation was observed at 5, 10 and 15% v/v
PCF concentrations in the selection media whereas, pro-
liferation was completely inhibited followed by 100% cell
death at higher concentrations (20 and 25% v/v) (Fig. 1a).
In first selection cycle, the percent callus survival for both
the genotypes was low with increasing concentrations of
PCF of either pathotype. However, in the second selection
cycle the survival percent increased up to 72 and 50% in
genotypes CoJ 88 and ColJ 64, respectively. Callus clumps
showing discoloration and subsequent dark brown necrosis,
did not survive. The browning of the calli was considered
as an indication of cell death because most of the brown
calli did not proliferate further, even after an incubation
period of longer than 5 weeks. Percent survival of calli in
the genotype Col 88 with respect to age and concentration
of the culture filtrate was higher than that of Col 64
(Table 1). There was little effect of age of PCF on the
survival and/or proliferation of the calli. Calli of both the
genotypes cultured on toxin free medium exhibited 100%
survival and proliferation in both the selection cycles.

Selection and shoot regeneration from toxin resistant
calli

The gradual selection of the tissues for resistance to higher
toxin level was apparent as the tissues finally surviving on
the toxin at the different stages resulted in a small pro-
portion of viable shoots, which may have the potential to
develop as resistant genotypes. Resistant and/or tolerant
calli were selected from the treatments that were free from
necrosis and proliferated vigorously. Shoot regeneration
was observed after 2 weeks of culture (Fig. 1b). Plant
regeneration frequency in both the genotypes, after two
selection cycles, varied significantly with respect to con-
centration of PCF (Table 2). Regeneration frequency was
lower in the selected calli of both genotypes on media
supplemented with Cf 08 filtrate than on media supple-
mented with Cf 03 filtrate. Regeneration frequency
decreased with increased PCF concentration (Table 2) in
both the genotypes. The frequency of regeneration was
higher in genotype CoJ 88 than ColJ 64 irrespective of PCF
thereby suggesting a differential genotypic response to
selection. The calli selected on media supplemented with
pathotype Cf 08 also showed differential response of
regeneration with respect to genotype and it was higher in
CoJ 88 than Col 64.

Statistical analysis using factorial CRD revealed signifi-
cant interactions (P = 0.05) between genotype, pathotype
and PCF concentration (Table 3) for selection and
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Table 1 Effect of pathogen culture filtrate of Colletotrichum falcatum Went on percentage survival of sugarcane calli

Genotype Pathotype

PCF conc. (ml/l)

Mean callus survival (%)*

Age of PCF (days)

Overall mean (%)°

0 5 10
Ist selection cycle

CoJ 88 Cf 08 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 23.70 + 2.44 21.60 £ 1.80 22.70 £ 2.08 22.60 £+ 0.48 (28.41)
10 17.70 £ 2.30 15.90 £ 2.02 16.40 £ 1.89 16.80 £ 0.48 (24.07)
15 9.08 £ 2.06 7.61 £ 1.59 8.46 + 1.48 8.38 £ 1.60 (16.81)
Cf 03 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 38.80 £ 3.38 3440 £ 3.44 3540 £ 3.44 35.20 £ 1.93 (36.96)
10 29.90 £+ 3.72 23.80 £ 4.07 25.30 £ 3.82 25.00 £ 2.34 (30.83)
15 1530 £ 2.92 13.10 £ 2.63 14.70 £ 2.61 14.40 £+ 1.55 (22.25)
Col 64 Cf 08 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 15.80 £ 2.06 10.10 £ 1.86 14.20 £ 1.66 14.30 £+ 1.64 (21.35)
10 11.40 £ 2.84 9.07 £ 2.72 9.83 £2093 10.10 £ 2.39 (18.50)
15 7.53 £2.56 537 £ 1.78 6.56 £ 1.93 6.48 £ 0.85 (14.71)
Cf 03 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 18.90 £+ 1.38 16.80 £ 1.32 18.00 £ 1.12 17.90 £+ 0.74 (25.01)
10 14.60 £ 2.07 12.00 £+ 1.81 13.90 £ 2.32 13.80 £ 1.85 (21.53)
15 11.40 £ 2.57 9.40 £ 2.30 10.60 £ 2.43 10.40 £ 2.37 (18.85)

1Ind selection cycle
CoJ 88 Cf 08 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 68.50 + 8.32 70.50 £ 8.52 67.00 £ 8.52 68.60 £ 8.46 (55.94)
10 58.30 £+ 8.14 61.50 £ 7.22 55.50 £ 9.59 58.40 £ 8.31 (49.84)
15 53.00 £+ 11.09 59.90 £ 8.46 50.60 £ 9.21 54.50 £ 8.83 (47.57)
Cf 03 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 71.80 £+ 6.80 73.60 £ 6.83 70.20 £+ 6.97 71.90 £ 6.78 (57.95)
10 68.60 £ 8.70 70.00 £ 8.82 70.00 £ 8.20 68.30 £ 8.72 (56.47)
15 64.20 £+ 7.85 67.10 £ 8.95 61.40 £ 7.15 64.20 £ 6.39 (53.25)
CoJ 64 Cf 08 100.00 £ 0.00 100.00 £ 0.00 100.00 £+ 0.00 100.00 £ 0.00 (89.96)
5 56.00 £+ 6.50 56.90 £ 7.20 51.50 £ 8.08 71.90 £ 6.85 (47.73)
10 49.70 £+ 7.15 52.10 £ 7.41 43.60 £ 9.80 69.50 £ 8.57 (44.10)
15 37.00 £ 10.58 43.00 £+ 11.45 33.50 £ 7.28 64.20 £+ 7.97 (37.92)
Cf 03 0 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 100.00 £ 0.00 (89.96)
5 61.20 £+ 8.20 63.90 £ 7.29 58.60 £ 8.95 61.20 £ 8.16 (51.47)
10 56.60 + 8.14 60.70 £ 7.76 52.00 £ 6.56 56.20 £ 7.38 (48.68)
15 51.70 £ 9.13 56.00 £ 7.19 49.20 £+ 7.03 52.30 £ 6.99 (46.30)

Values in parenthesis are arc sine transformed means
PCF, Pathogen culture filtrate

# Data are means of 4 replicates
® Pooled mean of calli selected on 0, 5 and 10 days old PCF

regeneration parameters studied. Interactions between all
above treatments were significant in first selection cycle at
selection and/or proliferation stage whereas, non significant
interactions were observed in treatments (genotype X
pathotype) and (genotype x pathotype x PCF concentration)
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in second selection cycle. At regeneration stage interactions
were found to be non significant in treatments (geno-
type x path type), (pathotype x PCF concentration) and
(genotype x pathotype x PCF concentration) (Table 3).
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Fig. 1 a In vitro selection of
sugarcane calli (0, 5, 10, 15, 20,
and 25% v/v PCF
concentrations), b, ¢ Shoot
regeneration and elongation
from calli selected at 0, 5, 10
and 15% v/v PCF
concentrations, d Hardening of
the plants in the glass house,

e field screening of the
somaclones into resistant (R),
Intermediate (I) and susceptible
categories (S); UL
uninoculated cane

Elongation, rooting, hardening and transfer of the plants
to the soil

Regenerated shoots exhibited shoot elongation within a period
of 4-6 weeks (Fig. 1c). Five to ten fibrous roots were seen
which grew up to 3—4 cm in 3 weeks. Fully grown in vitro
rooted plants were shifted to the glass house where, they were
hardened for the period of 3 months (Fig. 1d). Plants regen-
erated from the calli selected at higher PCF concentrations
showed lower percent survival in the glass house than those
selected at lower PCF concentrations. Percent plant survival at
hardening phase was 75.7, 68.7 and 55.0 in variety CoJ 88 and
71.1,61.7 and 50.0 in variety CoJ 64 at the 5, 10 and 15% v/v
toxin concentrations, respectively upon which the calli were in
vitro selected. Whereas, plants regenerated from toxin free
medium exhibited 78.5 and 75.0% survival in varieties CoJ 88
and CoJ 64, respectively. Survival percent at field stage varied
from 80.0 to 87.3% for both the varieties.

In vivo screening of the regenerated somaclones for red
rot resistance

Somaclones of both the varieties exhibited variation in
red rot resistance at field level (Fig. le). Plants regener-
ated from calli, selected on higher PCF concentrations
exhibited higher levels of resistance to red rot than those
screened on lower PCF concentrations and control
(Table 4). Further, somaclones of CoJ 88 exhibited
higher levels of resistance than those of CoJ 64. The
percentage of resistant plants regenerated from in vitro
selected calli ranged from 20.0 to 70.0% in somaclones
of CoJ 88 when concentration of PCF was increased
from 0.0 to 15% against Cf 08 whereas, for Cf 03 the
range was 22.9-75.0%. Resistant somaclones of CoJ 64
from calli selected on Cf 08 and Cf 03 at concentration
varying from 0.0 to 15% ranged from 0.0 to 75.0% and
0.0-87.5%, respectively.
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Table 2 Mean shoot regeneration from toxin insensitive sugarcane calli

Genotype Pathotype PCF conc. (ml/l) Mean shoot regeneration (%)* Overall mean (%)°
Age of PCF (days)
0 5 10
CoJ 88 Cf 08 40.00 £ 2.69 39.10 £ 3.40 38.20 + 4.44 39.10 £ 3.36 (38.68)
5 23.90 + 5.16 26.00 £+ 4.27 27.70 + 5.14 25.90 + 4.80 (30.54)
10 23.40 + 7.50 23.70 £+ 5.19 24.60 £+ 4.15 23.90 £+ 5.57 (29.25)
15 18.20 £+ 6.24 18.90 £+ 2.93 21.70 £+ 4.50 19.60 £ 4.16 (26.25)
Cf 03 38.80 + 4.77 41.10 + 4.37 39.00 £+ 3.99 39.60 £ 4.12 (38.99)
5 29.10 £+ 6.22 26.60 £ 6.14 28.20 £ 6.55 28.00 £+ 6.28 (31.91)
10 27.50 &£ 5.55 24.40 £+ 5.40 25.60 £+ 4.92 25.80 £+ 5.27 (30.52)
15 26.10 + 6.49 20.80 £+ 7.09 24.50 £+ 8.39 23.80 £ 7.29 (29.16)
ColJ 64 Cf 08 0 37.10 £ 5.73 37.00 £ 3.03 36.50 £+ 2.93 36.30 £ 3.88 (37.37)
5 24.30 + 4.53 22.50 £+ 3.41 22.40 + 4.46 23.10 £ 4.05 (28.68)
10 22.80 + 4.47 22.50 £+ 8.22 17.70 + 2.83 21.00 £+ 5.04 (27.22)
15 13.50 £+ 13.94 11.20 £ 13.15 5.00 £ 10.00 9.90 £ 4.74 (18.00)
Cf 03 36.70 + 7.24 35.00 £ 6.14 36.00 £+ 2.87 35.90 £ 4.08 (36.79)
5 25.10 + 7.80 22.80 £ 6.31 24.00 + 6.24 24.00 £ 4.08 (29.29)
10 23.80 + 3.26 20.30 £+ 3.94 22.20 + 4.80 22.20 £+ 6.77 (28.01)
15 20.30 + 6.35 7.30 £+ 8.95 17.70 £+ 2.83 15.30 & 2.06 (22.43)

Values in parenthesis are arc sine transformed means
PCF, Pathogen culture filtrate
? Data are means of 4 replicates

® Pooled mean of calli regenerated selected on 0, 5 and 10 days old PCF

Table 3 Analysis of variance using factorial completely randomized design

Source df In vitro selection with PCF

Shoot regeneration

Ist selection cycle

IInd selection cycle

M.S. CD. (P =0.5) M.S. C.D. (P =0.5) M.S. CD. (P =0.5)

A (Genotype) 1 290.99 0.66 376.580 0.99 141.89 1.24

B (Pathotype) 1 186.98 0.66 180.55 0.99 23.16 1.24

A x B 1 18.43 0.94 1.08 NS 0.72 NS

C (PCF conc.) 3 13533.29 0.94 4944 .47 1.41 405.01 1.76

A xC 3 56.31 1.33 43.06 1.99 22.02 1.49

B xC 3 21.82 1.33 29.02 1.99 7.81 NS

A xBxC 3 3.74 1.89 3.25 NS 0.95 NS

Error 32 1.29 2.88 4.50

df degree of freedom, MS mean sum of squares, CD critical difference

Discussion

Cells and plant protoplast could be selected in cultures for
resistance to a pathogenic toxins and plants with an altered
response to infection by pathogen could be regenerated
from these cultured cells Carlson (1973). Culture filtrate or
partially purified toxin, obtained from fungal pathogen has
been extensively used for in vitro selection of resistant host
species (Buiatti and Ingram 1991).The preliminary and
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basic requirement for selection of resistant lines at cellular
level is to generate genetic variability in the cells. High
genetic variability induced in vitro and the correlation
observed between responses of a host to a challenging
pathogen in vitro and in vivo, support the use of in vitro
selection techniques in resistance breeding (Van den Bulk
1991). Selection of toxin resistant cells is apparent from the
observation that cells finally surviving at different screen-
ing stages results in small proportion of viable shoots,
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Table 4 In vivo performance of somaclones into three reaction categories when inoculated with two pathotypes individually

Toxin conc. Pathotype Genotype No. of Reaction category, number of plants/percentage in each reaction type
per cent (v/v) plants - - -
in MS basal screened Resistant (0.0-4.0) Intermediate (4.1-6.0) Susceptible (>6.1)
medium
0 Cf 08 Co J 88 35 2 (5.71) 18 (51.43) 15 (42.86)
Co J 64 22 0 (0.00) 8 (36.36) 14 (63.64)
Cf 03 Co J 88 35 3 (8.57) 20 (57.14) 12 (34.29)
Co J 64 22 0 (0.00) 10 (45.45) 12 (54.55)
5 Cf 08 Co J 88 29 6 (20.69) 12 (41.38) 11 (37.93)
Co J 64 25 3 (12.00) 12 (48.00) 10 (40.00)
Cf 03 Co J 88 29 8 (27.59) 13 (44.83) 8 (27.59)
Co J 64 25 4 (16.00) 13 (52.00) 8 (32.00)
10 Cf 08 Co J 88 22 9 (40.91) 8 (36.36) 5(22.73)
Co J 64 15 3 (20.00) 8 (53.33) 4 (26.67)
Cf 03 Co J 88 22 11 (50.00) 9 (40.91) 2 (9.09)
Co J 64 15 4 (26.67) 9 (60.00) 2 (13.33)
15 Cf 08 Co J 88 10 6 (60.00) 3 (30.0) 1 (10.00)
Co J 64 8 4 (50.00) 3 (37.50) 1 (12.50)
Cf 03 Co J 88 10 7 (70.00) 3 (30.00) 0 (0.00)
Co J 64 8 5 (62.50) 2 (25.00) 1 (12.50)

Score on 0-9 scale

which may have the potential to develop into disease
resistant lines. High concentration of red rot toxin used
resulted in limited survival of calli and shoot differentiation
in sugarcane Mohanraj et al. (1995). The results of present
study also shows that high concentration of PCF markedly
inhibits development of in vitro cultures in proliferation of
sugarcane calli (Table 1). These results confirm earlier
studies where differential reactions to culture filtrate were
observed in sugarcane callus. In this study, high concen-
trations of PCF resulted in a limited survival of the calli
and shoot differentiation, suggesting that more selective
responses could be obtained by using further purified
phytotoxin which could be effective even at low concen-
trations. The brownish discoloration of the calli (Fig. 1a)
associated with necrosis suggests the involvement of phe-
nolic compounds and their oxidation products similar to
symptoms observed in sugarcane plants infected with the
red rot pathogen (Rao et al. 1968). Similar influences of
toxins on different crops have been reported by Gohbara
et al. (1978) on lettuce, Jin et al. (1996) on soybean,
Boonchitsirikul et al. (1997) and Narong et al. (1998) on
rice and Prasad and Naik (2000) on sugarcane. Growth
inhibition of sugarcane calli by the PCF provides a positive
selection system in which susceptible cells presumably die
and/or grow slowly, while more resistant cells proliferate
faster. A second selection cycle allowed for the recovery of
higher percent of resistant/tolerant callus variants.
Successful plant regeneration from in vitro selected calli
and cell lines has been achieved by many workers

(Gengenbach et al. 1977; Behnke 1980a, b; Thanutong
et al. 1983; Daub 1986; Van den Bulk 1991). The inhibi-
tory effect of red rot toxin on shoot regeneration in
sugarcane calli was reported by Mohanraj et al. (2003,
2004). The differential regeneration response of the calli in
the study reflected genotypic differences between both the
genotypes with respect to pathogenicity of both the path-
otypes (Table 3). CoJ 88 had a higher percentage of
surviving callus with respect to PCF than CoJ 64. CoJ 64 is
a highly susceptible genotype, while CoJ 88 is moderately
susceptible to red rot disease under artificial field inocu-
lations. Likewise, pathotype Cf 08 isolated from Col 84,
proved to be more virulent than Cf 03 isolated from CoJ
64.

An important aspect of crop improvement via an in vitro
selection strategy is that traits selected at the cellular level
must be expressed in the regenerated plants. Our results
showed that plants selected using PCF through callus and
regeneration exhibited improved resistance when tested in
the field (Table 4). Positive association was observed
between in vitro selection at callus level and in vivo
screening at plant level, for red rot resistance. The results
indicated that in vitro selection for red rot resistance is
effective and were confirmed further through in vivo
screening by plug method. The fact that some of the so-
maclones tested did not differ significantly from parental
genotypes may suggest that the selected calli consist of a
mixture of resistant and sensitive cells probably arising
from somaclonal variation. Genetic variability has been
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reported in cultured plant cells (Evans et al. 1984). There
are several reports on the recovery of toxin resistant
regenerants from unselected cultures for Helminthosporium
maydis resistance in maize (Brettell et al. 1980) H. victo-
riae resistance in oat (Rines and Luke 1985) and
H. sacchari resistance in sugarcane (Heinz et al. 1977;
Larkin and Scowcroft 1983). The differences in frequen-
cies of toxin-resistant regenerants from unselected cultures
among the oats, maize and sugarcane systems is probably
due to the genetic nature of resistance.

The study shows that in vitro selection system for ame-
liorating problems like susceptibility to red rot through
somaclonal variation can be successfully addressed, espe-
cially in popular genotypes like CoJ 88 and CoJ 64 which has
desirable traits in all other aspects except resistance to red rot
diseases. A stable selection system in vitro developed on the
basis of the current study can go a long way in eliminating
single trait problem while retaining others and also, short-
ening the time to release a variety which otherwise would
entail a long period of 10-12 years by conventional means.

References

Behnke M (1979) Selection of potato callus for resistance to culture
filtrates of Phytophthora infestans and regeneration of resistant
plants. Theor Appl Genet 55:69-71. doi:10.1007/BF00285192

Behnke M (1980a) General resistance to late blight of Solanum
tuberosum plants regenerated from callus resistant to culture
filtrates of Phytophthora infestans. Theor Appl Genet 56:151—
152. doi:10.1007/BF00286676

Behnke M (1980b) Selection of dihaploid potatao callus for resistance
to the culture filtrate of Fusarium oxysporum. Z Pflanzenzuch-
tung 85:254-258

Boonchitsirikul C, Waano K, Yamamoto M, Nose A, Ishibashi N
(1997) Recovery of blast resistant rice plants following selection
in vitro in culture filtrate from Pyricularia grisea (Cooke) Sacc.
SABRAO J 29:67-72

Brettell RIS, Thomas E, Ingram DS (1980) Reversion of Texas male-
sterile cytoplasm maize in culture to give fertile T-toxin resistant
plants. Theor Appl Genet 58:55-58

Buiatti M, Ingram DS (1991) Phytotoxins as a tool in breeding and
selection of disease resistant plants. Experientia 47:811-819.
doi:10.1007/BF01922461

Carlson PS (1973) Methionine sulfoximine resistant mutants of
tobacco. Science 180:1366-1368. doi:10.1126/science.180.
4093.1366

Chawla HS, Wenzel G (1987) In vitro selection of barley and wheat
for resistance against Helminthosporium sativum. Theor Appl
Genet 74:841-845. doi:10.1007/BF00247566

Cheema HS, Singh B (1993) CPCS 1: a programme package for the
analysis of commonly used experimental designs. Punjab
Agricultural University, Ludhiana

Chona BL, Srivastava DN (1960) Variation in Colletotrichum
falcatum went the causal organism of red rot of sugarcane.
Indian Phytopathol 13:58-66

Daub ME (1986) Tissue culture and the selection of resistance to
pathogens. Annu Rev Phytopathol 24:159-186. doi:10.1146/
annurev.py.24.090186.001111

@ Springer

Errabii T, Gandonou C, Essalmani H, Abrini J, Idaomar M, Senhaji N
(2006) Growth, proline and ion accumulation in sugarcane callus
cultures under drought-induced osmotic stress and its subsequent
relief. Afr J Biotechnol 4:1250-1255

Evans DA, Sharp WR, Medina-Filho HP (1984) Somaclonal and
gametoclonal variation. Am J Bot 71:759-774. doi:10.2307/
2443467

Gandonu C, Errabii J, Abrini M, Idaomar M, Senhaji N (2004)
Selection of callus cultures of sugarcane (Saccharum sp.)
tolerant to NaCl and their response to salt stress. Plant Cell
Tissue Organ Cult 87:9-16. doi:10.1007/s11240-006-9113-3

Gengenbach BC, Green CE, Donovan CM (1977) Inheritance of
selected pathotoxin resistance in maize plants regenerated from
cell cultures. Proc Natl Acad Sci USA 74:5113-5117.
doi:10.1073/pnas.74.11.5113

Gohbara M, Kosuge Y, Yamasaki S, Kimura Y, Suzuki A, Tamura S
(1978) Isolation, structure and biological activities of colletotri-
chins, phytotoxic substances from Colletotrichum nicotianae.
Agric Biol Chem 42:1037-1043

Gomez KA, Gomez AA (1976) Statistical procedures for agricultural
research. Wiley, New York

Heinz DJ, Krishnamurthi M, Nickel LG, Maretzki A (1977) Applied
and functional aspects of plant cell, tissue and organ culture. In:
Reinert J, Bajaj YPS (eds) Cell tissue and organ culture in
sugarcane improvement. Springer-Verlag, New York, pp 3-17

Jayasankar S, Li Z, Gray DJ (2000) In vitro selection of Vitis vinifera
‘Chardonnay’ with Elsinoe ampelina culture filtrate is accom-
panied by fungal resistance and enhanced secretion of chitinase.
Planta 211:200-208. doi:10.1007/s004250000285

Jin H, Hartman GL, Nickell CD, Widholm JM (1996) Phytotoxicity
of culture filtrate from Fusarium solani, the causal agent of
soybean sudden death syndrome. Plant Dis 80:922-927

Kirtikar, Singh GP, Prasad KC (1972) Varietal position of sugarcane
in relation to epidemiology and spread of red rot disease in Uttar
Pradesh. Coop Sugar 3:285-291

Larkin PJ, Scowcroft WR (1983) Somaclonal variation and crop
improvement. In: Kosuge T, Mereditch CP, Hollaender A (eds)
Genetic engineering of plants: an agricultural perspective.
Plenum Press, New York, pp 289-314

Mitchell RE (1984) The relevance of non-host-specific toxins in the
expression of virulence by pathogens. Annu Rev Phytopathol
22:215-245. doi:10.1146/annurev.py.22.090184.001243

Mohanraj D, Padmanabhan P, Jothi R, Alexander KC (1995) Possible
role of phytotoxin(s) in red rot disease of sugarcane. In:
Agnihotri VP, Sinha OK, Singh P (eds) Proceedings of national
seminar on strategies for research and management of red rot.
IISR, Lucknow, India, pp 263-270

Mohanraj D, Padmanabhan P, Karunakaran M (2003) Effect of
phytotoxin of Colletotrichum falcatum Went (Physalospora
tucumanensis) on sugarcane in tissue culture. Acta Phytopathol
Entomol Hung 38:21-28. doi:10.1556/APhyt.38.2003.1-2.4

Mohanraj D, Padmanabhan P, Karunakaran M (2004) Purification and
partial characterization of a phytotoxin produced by Colletotri-
chum falcatum. Indian Phytopathol 57:65-67

Murashige T, Skoog F (1962) A revised medium for rapid growth and
bioassays with tobacco culture. Plant Physiol 15:473-497.
doi:10.1111/5.1399-3054.1962.tb08052.x

Narong S, Chuntharathin P, Rukvidhayasartra V, Sripichitt P (1998)
Response of rice tissue and callus to culture filtrate of
Magnaporthe grisea (Pyricularia oryzae Cav.) in vitro. Kaetsart
J (Nat Sci) 32:126-141

Nyange NE, Williamson B, McNicol RJ, Lycon GD, Hackett CA
(1995) In vitro selection of coffea arabica callus for resistance to
partially purified phytotoxic culture filtrates from Colletotrichum
kahawae. Ann Appl Biol 127:425-439. doi:10.1111/j.1744-
7348.1995.tb07602.x


http://dx.doi.org/10.1007/BF00285192
http://dx.doi.org/10.1007/BF00286676
http://dx.doi.org/10.1007/BF01922461
http://dx.doi.org/10.1126/science.180.4093.1366
http://dx.doi.org/10.1126/science.180.4093.1366
http://dx.doi.org/10.1007/BF00247566
http://dx.doi.org/10.1146/annurev.py.24.090186.001111
http://dx.doi.org/10.1146/annurev.py.24.090186.001111
http://dx.doi.org/10.2307/2443467
http://dx.doi.org/10.2307/2443467
http://dx.doi.org/10.1007/s11240-006-9113-3
http://dx.doi.org/10.1073/pnas.74.11.5113
http://dx.doi.org/10.1007/s004250000285
http://dx.doi.org/10.1146/annurev.py.22.090184.001243
http://dx.doi.org/10.1556/APhyt.38.2003.1-2.4
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1111/j.1744-7348.1995.tb07602.x
http://dx.doi.org/10.1111/j.1744-7348.1995.tb07602.x

Plant Growth Regul (2009) 58:201-209

209

Prasad V, Naik GR (2000) In vitro strategies for selection of eye-spot
resistant sugarcane lines using toxins of Helminthosporium
sacchari. Indian J Exp Biol 38:69-73

Rafay SA (1950) Another strain of Physalosphora tucumanensis. Curr
Sci 19:385-386

Rao KC, Krishnamurthy TN, Lalitha E, Rajalaksmi VK (1968)
Phenols in relation to resistance of sugarcane varieties to red rot
disease. Curr Sci 37:532-534

Rines HW, Luke HH (1995) Selection and regeneration of toxin-
insensitive plants from tissue cultures of oats (Avena sativa)
susceptible to Helminthosporium victoriae. Theor Appl Genet
71:16-21. doi:10.1007/BF00278247

Singh MP, Verma KP, Upadhaya UC, Singh HN (1985) Varietal
deterioration due to diseases in sugarcane. Coop Sugar 25:
487-492

Srinivasan KV, Bhatt NR (1961) Red rot of sugarcane—criteria for
grading resistance. J Indian Bot Soc 11:566-577

Strobel GA (1982) Phytotoxins. Annu Rev Biochem 51:359-364.
doi:10.1146/annurev.bi.51.070182.001521

Thanutong P, Furusawa I, Yamamoto M (1983) Resistant tobacco
plants from protoplast-derived calluses selected for their resis-
tance to Pseudomonas and Alternaria toxins. Theor Appl Genet
66:209-215. doi:10.1007/BF00251145

Van den Bulk RW (1991) Application of cell and tissue culture and in
vitro selection for disease resistance breeding: a review.
Euphytica 25:269-285. doi:10.1007/BF00042373

Wenzel G (1985) Strategies in unconventional breeding for disease
resistance. Annu Rev Phytopathol 23:149-172. doi:10.1146/
annurev.py.23.090185.001053

@ Springer


http://dx.doi.org/10.1007/BF00278247
http://dx.doi.org/10.1146/annurev.bi.51.070182.001521
http://dx.doi.org/10.1007/BF00251145
http://dx.doi.org/10.1007/BF00042373
http://dx.doi.org/10.1146/annurev.py.23.090185.001053
http://dx.doi.org/10.1146/annurev.py.23.090185.001053

	In vitro selection at cellular level for red rot resistance �in sugarcane (Saccharum sp.)
	Abstract
	Introduction
	Materials and methods
	Plant material
	Callus initiation and induction of somatic embryogenesis
	Isolation, maintenance and multiplication of the red rot pathogen
	Fractionation of the pathogen culture filtrate
	In vitro selection and plant regeneration
	In vivo screening of somaclones for red rot resistance

	Results
	Effect of pathogen culture filtrate on callus growth
	Selection and shoot regeneration from toxin resistant calli
	Elongation, rooting, hardening and transfer of the plants to the soil
	In vivo screening of the regenerated somaclones for red rot resistance

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


