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Abstract

Standardization of protocol for high frequency regeneration of Eleusine coracana via formation of callus produced from scutellar
portion of seeds of five genotypes (ML-181, ML-322, MR-1, PR-202 and VR-708). The induction of callus occurred on MS
medium supplemented with different auxins (2,4- Dichlorophenoxy acetic acid) and cytokinins [6-bezyl amino purine (BAP)]. The
frequency of callus induction was found to be highest in cultivar MR-1 (93%) on medium supplemented with 2,4-D (3 mg/l) + BAP
(0.5 mg/l). The plantlets regenerated on BAP (1 mg/l) were found to be more favorable giving rise to highest mean number of
shoots (94.2) for the cultivar MR-1. After four weeks well-developed plants with healthy roots were transferred to field condition,
where 100% plantlets acclimatized successfully.

Keywords: cereal tissue culture, Eleusine coracana, plant regeneration, seed callus

Abbreviations: MS-Murashige and Skoog; 2,4-D- 2,4-dichlorophenoryaetic acid; BA-6-benzylaminopurine; NAA- 1-
naphthaleneacetic acid

1. Introduction

Millets rank as the world’s sixth most important food crops among cereals. They are primarily grown in Asian and African
countries. They are grouped as major and minor millets. Minor millets are a group of grassy plants with short slender culms and
small grains (Faostat, 2003). They are endowed with the rare ability to survive in infertile soils under harsh and severe drought
conditions. Among eight minor millets, finger millet (Eleusine coracana), also known as African millet, has outstanding attributes
as a subsistence food crop. It is the primary food source for millions of people in tropical dry land regions. It is grown globally in
more than 4 million ha. Its seeds can be stored safely for several years without any insect damage, and is a traditional component
of farmer’s risk avoidance strategies in the drought-prone areas. Finger millet possesses superior nutritional qualities than of rice
and is on a par with that of wheat.

Hence, with an ultimate aim of supplementing conventional breeding efforts, the genetic transformation protocols for millets need
to be developed so that important quality traits could be incorporated across the barriers of incompatibility (Gupta et al., 2001).
Most of the genetic transformation protocols are dependent on the callus induction and plant regeneration potential of the
species. Preliminary investigation on in vitro response of a genotype provides the route for recovery of transgenic plants. These



protocols are tuned to suit the needs of gene transfer, selection and regeneration

A repeating theme in cereal tissue culture is the genotypic variation in culture response (Wernicke and Milkonits, 1984).
Conditions optimal for plant regeneration in one cultivar fail to produce plants in another cultivar of the same species. This has
been a nagging problem in cereal tissue culture.

Many cereal explants express embryogenic competence in the presence of 2,4-D. A combination of auxin and cytokinin found
to be suitable for embryogenic callus initiation in several cultures. Reponses to plant growth regulators are similar in all the
cereals. A combination of auxin and cytokinin was found to be suitable for embryogenic callus initiation in several cultivars of rice

Mature seeds are the most preferred explants for in vitro protocols as they can be stored, available round the year and can be
easily handled. Kothari et al., (2004) and Wakizuka and Yamaguchi (1987) have reported callus induction and regeneration in
finger millet. In the current study we evaluated the responses of 5 genotypes of finger millet to various concentrations of plant
growth regulators.

2. Material and Methods

Mature seeds of five genotypes (PR-202, MR-1, VR-708, ML-181 and ML-322) of Eleusine coracana (L.) Gaertn were obtained
from All India Coordinated Research Project (AICRP) on Small millets, University of Agricultural Sciences, GKVK, Bangalore.
Seeds were dehusked, surface- sterilized with 0.1% (w/v) mercuric chloride solution for 5 minutes and then rinsed thrice for 5
minutes each in sterile distilled water and inoculated aseptically on MS basal medium (Murashige and Skoog, 1962) with 3%
sucrose supplemented with various growth regulators singly or in combination. The medium was solidified with 0.8% agar
(Bacteriological Grade, Qualigens, India), pH was adjusted to 5.8 and then autoclaved at 1.2-1.3 kg/cm2 pressure and 121°C
temperature for 15 min. The growth regulators like BA and NAA were added before autoclaving the cultures. Cultures were
incubated in dark conditions at 26 + 1°C temperature.

2.1. Induction and maintenance of embryogenic callus

Callus was induced from the germinating embryos of the cultured seeds (in petri plates with 25 ml medium) 4-5 weeks after
incubation. The media used for callus induction were MS basal media, MS medium supplemented with 1,2,3,4, and 5-mg/1

2, 4-D individually or in combination with 0.5 mg/l BA. The selection of these concentrations was on the basis of related works
carried out in our laboratory and elsewhere, previously.

Fifty seeds were cultured in a Petri plate. After inoculation, the cultures were incubated under photoperiod of 16h light (1400
Umol m-2 s-1) at 26 + 1 °C temperature. After 4 weeks of incubation, the compact, green, nodulated embryogenic sectors of
callus were separated from non-embryogenic, watery callus and then sub-cultured on MS medium with lower level of 2, 4-D (0.2
mg/l). The embryogenic callus was sub -cultured every 3-4 weeks on fresh medium for maintaining the same in embryogenic
state. The embryogenic calli developed after 5-6 passages, were used for subsequent plantlet regeneration.



2.2. Plantlet regeneration

The embryogenic callus which gave highest frequency in each genotype was used for plant regeneration on MS basal medium,
MS basal medium supplemented with 1.0 and 2.0 mg/l BA or with NAA and incubated under photoperiod of 16h light (1400 Umol
m-2 s-1) and 26 £ 1 °c temperature. Each treatment was replicated 5-6 times. After 5-6 weeks of incubation, regenerated
plantlets were counted.

3. Experimental Results

3.1 Induction and maintenance of embryogenic callus

The first response of the seeds to culture media was similar up to 10 days. They were mostly independent of genotypes and
culture media. Although seeds were swollen, no callus proliferation was observed during the first few days. During second week
of culture, callus formation was observed from the scutellar portion of the seeds. Embryos initiating callus were counted 4 weeks
after incubation. In the 10 culture media tested, its frequency varied among genotypes as well as culture media. The frequency of
callus induced among genotypes ranged from 30 to 93% (Table 1).

At 30 days distinct calli organized to compact structures appeared in all the genotypes in both auxin alone and in combination
with cytokinin media. Medium supplemented with the higher concentration of 2,4-D alone (3-4 mg/l) showed higher percentage of
callus induction. Higher concentration (5 mg/l) was inhibitory for callus induction. Maximum callus induction was obtained when
low levels of cytokinin was combined with 2,4-D. Response to callus induction was influenced by medium and genotype
independently and thus their interaction (table not shown) had a stronger effect.

Culture medium supplemented with both 2, 4-D and BA was superior to 2,4-D alone. Responses to different culture media were
significantly different, they being best on MS medium supplemented with 3 mg/l 2,4-D + 0.5 mg/l BA in MR-1 (93%) genotype
followed by 2 mg/l 2, 4-D + 0.5 mg/l BA in PR-202 (80.2%) and VR-708 (68.8%). ML-181 (51.2%) and ML-322 (60%) showed
highest percentage of callus induction in 1 mg/l 2,4-D + 0.5 mg/l BA (Tablel).

Table 1. Callus induction in 5 genotypes of finger millet (mean £ S.D.) (%)




3.2 Morphogenic callus formation

After 2-3 weeks of culturing, on the same medium the calli could be distinguished on the basis of their morphogenic features.
After 4 weeks of incubation two types of calli were distinguishable: a compact nodulated embryogenic callus with green and white
patches (Fig. 1a) and white, friable, watery, apparently non embryogenic callus. On microscopic examination, the compact
nodulated callus was found to contain few embryoids. The soft watery callus did not contain any embryoids in it. Non-
embryogenic callus (Fig. 1b) was not subcultured. This type of callus was predominant in the mediacontaining 2,4-D alone. But
the media supplemented with both auxin and cytokinin favoured embryogenic callus. A mixture of greenish and light green calli
with dense and glossy texture was taken as morphogenic calli for observation.

The embryogenic callus was maintained and proliferated on medium with a lower level of 2,4-D (0.2 mg/l). The embryogenic
sectors of the callus were selectively subcultured every 3-4 weeks. With each sub-culture, the number of embryoids increased
profusely. Different culture media responded significantly for this. Maximum embryogenic calli formation was recorded on the
medium supplemented with 3 mg/l 2, 4-D + 0.5 mg/l BA with genotype MR-1 (81.4%) followed by 2 mg/l 2, 4-D + 0.5 mg/l BA in
PR-202 (73.8%) and VR-708 (67.9%). ML-181. ML-322 showed highest percentage of embyogenic callus 50.5% and 57.1%
respectively in 1 mg/l 2,4-D + 0.5 mg/l BA. (Table2).

Table 2: Embryogenic callus induction on MS medium with different plant growth regulators (mean £ S.D.) (%).




3.3 Plantlet regeneration

Most of the calli gave rise to plantlets after a prolonged culture on the maintenance media. However, transfer of embryogenic calli
on to regeneration medium exhibited higher plantlet regeneration and growth (Fig. 1c). Along with proliferation of the embryogenic
callus differentiation of additional embryoids was also observed. Regeneration took place by germination of embryoids. The
plantlets formed were healthy, green and with well developed root-shoot axes. Plantlet regeneration required lower concentration
of BA (1 mg/l) and higher concentration of NAA (2 mg/l), suggesting that lower concentration of a cytokinin and higher
concentration of an auxin are essential for efficient plantlet regeneration from seed culture of finger millet.

The percentage of plantlet regeneration frequencies varied among genotypes from 20.8 to 94.2 % (Table 3). Higher percentage
of regeneration was observed on medium MS + 1 mg/l BA being maximum from genotype MR-1 (94.2%) and VR-708 (58.9%)
followed by MS + 1 mg/l NAA in PR-202 (60.6%). However, plant regeneration frequencies were maximum in growth regulator
free media in ML-181 (48.8%) and ML- 322 (45.1%). Among the five genotypes studied, the ideal genotype for callus induction
was MR-1 (93%), which also showed highest percentage of embryogenic callus (81.4%) irrespective of culture concentrations.
Among the five genotypes studied, the ideal genotype for both callus induction and plantlet regeneration is MR-1 followed by PR-
202.

Plants with well developed root system were transferred to jiffy cups containing vermiculite and kept for about four weeks for
hardening (Fig. 1d) in the growth chamber. Finally; the plants were transferred to pots containing soil where 100% plantlets
acclimatized successfully and grown to maturity in glass house (Fig. 1e).

Table 3: Frequency of plant regeneration in 5 genot  ypes of finger millet

(mean = S.D.) (%)




4. Discussion

The establishment of finger millet callus cultures, which are competent to express embrygenesis, has become quite
routine. An explant on a simple medium containing 2,4-D and low levels of cytokinin generally produces the white,
nodulated callus. Visual selection and separation of this callus is important for maintenance of embryogenic potential.
Thus the genetic basis of variability in tissue culture response and morphogeneis is most likely due to differences in
hormone metabolism within the explant that is established by the level of gene expression for individual hormones by the
genotype. It could be inferred, that all genotypes are capable of producing embryogenic cultures and initial exposure to
the appropriate plant growth regulator are critical (Bhaskaran and Smith, 1990). In sorghum, Ma et al., (1987) found that
the ability to form regenerable callus varied among genotypes, was heritable, and acted as a dominant trait; they felt at
least two gene pairs were involved.

This technique can be used efficiently for raising somaclonal variations, and in vitro selection and MR-1 could be
considered as an ideal genotype for gene transfer.
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