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ABSTRACT

An efficient in vitro plant regeneration protocol has been optimized for pea using leaf tissues and 

nodal regions as explants. Various phytohormones [2, 4-D (2, 4-Dichloro phenoxy acetic acid), IBA 

(Indole Butyric Acid), BAP (Benzylaminopurine), IAA (Indole Acetic Acid), Kinetin, and NAA 

(Naphthalene Acetic Acid)] were tested in different concentrations and combinations and the best 

combinations identified for rapid organogenesis are reported. The leaf explants when placed on a 

phytohormonal combination of 2.1/2.1 mg/l of IBA/Kinetin developed vigorous callusing. However, 

shoot regeneration was highest in 2.3 mg/l kinetin from nodal explants and root regeneration from 

such shoots was highest when transferred to a medium containing 0.5 mg/l IBA. Interestingly, root 

regeneration was also induced directly from callus without shoot regeneration in the callusing 

medium when the calli were incubated in darkness for 7 days. By using the current protocol plantlets 

can be regenerated within 50 days which is a much shorter time period compared to the other 

protocols available for pea so far.
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 INTRODUCTION researchers to work with any desired genotype. Efficient 

protocols involving plant tissue culture could open up 

new possibilities in creating genetic variability through 

Plant improvement methods are dependent on transformation.

biotechnological tools and rely heavily on efficient in A number of efforts are going on for transformation 
of plants to develop transgenics for a specific trait as well vitro regeneration system for the species concerned 
as to knock out a gene of interest by RNAi constructs. In (Mallaya & Ravishankar 2013). Such systems allow 
every plant transformation experiment there is need of rapid and repeatable development of transformed 
an efficient complete plant regeneration system.  Garden shoots/roots and could be grown into mature plants in 
pea (Pisum sativum L.) transformation methods reported much lesser time. Additionally, such systems are 
earlier have various drawbacks, such as poor applicable to a broad range of genotypes facilitating the 



regeneration, complicated and long-term regeneration Culture Conditions—The explants were cultured 
2via a callus phase, reduced fertility, phenotypic at 22°C under continuous light (10.8 W/m ). In vitro 

abnormalities, altered ploidy and loss of transgene regenerated shoots approximately 17 mm high were 
activity in subsequent generations (Puonti-Kaerlas et al. transferred on rooting medium for further growth. The 
1990, Zubko et al. 1990). Moreover, pea is an important shoots were kept at 22°C and a 16/8 h photoperiod (10.8 

2legume crop and used mostly as a model plant in W/m ).
different biochemical, physiological, genetic and Hardening— The individual well rooted plants (4 
proteomic studies. Pea is the fourth most important weeks old) were carefully taken out from the media and 
legume crop in the world and, therefore, targeted by washed, thoroughly using sterile distilled water to 
breeders and plant scientists for its improvement (Casey remove the traces of agar and were transferred to 
& Davies 1993). The lateral cotyledonary meristems of sterilized plastic cups filled with perlite. After 2 weeks of 
germinating Pisum sativum cv. Puget seeds were used to acclimatization in culture room, these were put in pots 
develop a reproducible Agrobacterium tumefaciens- and transferred, first to shaded light and finally into 
mediated transformation system (Bean et al. 1997). 

field, after another 2 weeks.
Many other pea transformation experiments were also 

                                                 
conducted using the Agrobacterium-mediated 

RESULTS & DISCUSSION
transformation system (Puonti-Kaerlas et al. 1990, 
Schroeder et al. 1993; Shade et al. 1994). Similarly, 

 The main objective of the study was to develop an 
some workers also studied regeneration of pea plant 

efficient system for regeneration of pea plantlets for 
through organogenesis (Mroginski & Kartha 1981, 

transformation benefits. Transformation is easier in the 
Hussey & Gunn 1984) and through embryogenesis 

friable callus and, therefore, we selected the leaf (Stejskal & Griga 1992, Ozcan et al. 1993). However, all 
explants for developing friable callus. Organogenesis such pea regeneration systems are time consuming and 
was induced by using leaf and nodal explants of pea by therefore, the present experiment was attempted to 
placing in Gamborg B5 medium supplemented with develop a rapid and efficient regeneration system for pea 
different combinations of phytohormones 2, 4-D, IBA, using nodal as well as leaf explants.       
BAP, IAA, Kinetin, and NAA at different concentrations 

and the best combinations were recorded. Callusing was  MATERIALS & METHODS 
induced highest when IBA and Kinetin were applied in 

combination and the best result was obtained with Tissue Culture Media— Gamborg B5 (Gamborg et 
 

2.1/2.1 mg/l IBA/Kinetin (Fig.1a). Callusing was al. 1968; of HIMEDIA, Mumbai catalog No. PT016) 
induced within 5-7 days with a gradual greening (over with modifications as per Nauerby et al. (1991) was used 
60-90%) of both leaf and nodal explants. The effect is as the basal medium for inducing callus, shoot 
attributed to the concentration of IBA and Kinetin as generation and rooting of the regenerants.
higher the concentrations of IBA and Kinetin, stronger Stock of Phytohormones— Stock solutions of 
was the effect of greening and vice versa. Further growth phytohormones were prepared that contained 0.01g of 
of the green explants into callus was slow, and after l each hormone in 10 ml of solution. Phytohormones used 
month of culture, the relative size of calli to original were 2, 4-D, IBA, BAP, IAA, Kinetin, and NAA.
explants was 3 to 5 folds.Plant Material— A single pea cultivar P-3 (NuTech 

First indication of shoot regeneration was Seeds, IA, USA) was used for experiments. Carefully 
observed at 0.08 mg/l of 2, 4-D. Nearly 25% selected seeds were sterilized in 1% (w/v) sodium 
regeneration was observed after 14 days of inoculation hypochlorite for 3 min followed by 5 min with 2.0 % 
of the nodal explants at this concentration (Fig. 1b). calcium hypochlorite, rinsed 4 times with sterile water 

and imbibed in sterile conditions for 6-8 h. Plants were However, Kinetin proved excellent as 1.0 mg/l induced 

grown in aseptic conditions in controlled growth 100 per cent shoot regeneration (Fig. 1c). Observations 

chamber. Sterile pea seedlings of 15-20 days old were made after 21 days showed a distinct difference in shoot 

lengths. The shoot lengths were directly proportional to selected for collecting leaf and nodal explants.

 

 

Fig. 1— Plant regeneration from different explants of Pisum sativum. (a) Callus

formation from leaf explants, (b) Shoot initiation from nodal explants, (c) Shoot 

development from basal callus, (d) Multiple branching in shoots, (e) Shoot 

development from leaf callus, (f) Root development from shoots, (g) Root 

development from callus, and (h) Hardening of regenerated plantlet. 

 

56 January, 6 (1)The International Journal of Plant Reproductive Biology 6(1) pp.55-59, 2014 2014 57Regeneration protocol of Pisum sativum L.



regeneration, complicated and long-term regeneration Culture Conditions—The explants were cultured 
2via a callus phase, reduced fertility, phenotypic at 22°C under continuous light (10.8 W/m ). In vitro 

abnormalities, altered ploidy and loss of transgene regenerated shoots approximately 17 mm high were 
activity in subsequent generations (Puonti-Kaerlas et al. transferred on rooting medium for further growth. The 
1990, Zubko et al. 1990). Moreover, pea is an important shoots were kept at 22°C and a 16/8 h photoperiod (10.8 

2legume crop and used mostly as a model plant in W/m ).
different biochemical, physiological, genetic and Hardening— The individual well rooted plants (4 
proteomic studies. Pea is the fourth most important weeks old) were carefully taken out from the media and 
legume crop in the world and, therefore, targeted by washed, thoroughly using sterile distilled water to 
breeders and plant scientists for its improvement (Casey remove the traces of agar and were transferred to 
& Davies 1993). The lateral cotyledonary meristems of sterilized plastic cups filled with perlite. After 2 weeks of 
germinating Pisum sativum cv. Puget seeds were used to acclimatization in culture room, these were put in pots 
develop a reproducible Agrobacterium tumefaciens- and transferred, first to shaded light and finally into 
mediated transformation system (Bean et al. 1997). 

field, after another 2 weeks.
Many other pea transformation experiments were also 

                                                 
conducted using the Agrobacterium-mediated 

RESULTS & DISCUSSION
transformation system (Puonti-Kaerlas et al. 1990, 
Schroeder et al. 1993; Shade et al. 1994). Similarly, 

 The main objective of the study was to develop an 
some workers also studied regeneration of pea plant 

efficient system for regeneration of pea plantlets for 
through organogenesis (Mroginski & Kartha 1981, 

transformation benefits. Transformation is easier in the 
Hussey & Gunn 1984) and through embryogenesis 

friable callus and, therefore, we selected the leaf (Stejskal & Griga 1992, Ozcan et al. 1993). However, all 
explants for developing friable callus. Organogenesis such pea regeneration systems are time consuming and 
was induced by using leaf and nodal explants of pea by therefore, the present experiment was attempted to 
placing in Gamborg B5 medium supplemented with develop a rapid and efficient regeneration system for pea 
different combinations of phytohormones 2, 4-D, IBA, using nodal as well as leaf explants.       
BAP, IAA, Kinetin, and NAA at different concentrations 

and the best combinations were recorded. Callusing was  MATERIALS & METHODS 
induced highest when IBA and Kinetin were applied in 

combination and the best result was obtained with Tissue Culture Media— Gamborg B5 (Gamborg et 
 

2.1/2.1 mg/l IBA/Kinetin (Fig.1a). Callusing was al. 1968; of HIMEDIA, Mumbai catalog No. PT016) 
induced within 5-7 days with a gradual greening (over with modifications as per Nauerby et al. (1991) was used 
60-90%) of both leaf and nodal explants. The effect is as the basal medium for inducing callus, shoot 
attributed to the concentration of IBA and Kinetin as generation and rooting of the regenerants.
higher the concentrations of IBA and Kinetin, stronger Stock of Phytohormones— Stock solutions of 
was the effect of greening and vice versa. Further growth phytohormones were prepared that contained 0.01g of 
of the green explants into callus was slow, and after l each hormone in 10 ml of solution. Phytohormones used 
month of culture, the relative size of calli to original were 2, 4-D, IBA, BAP, IAA, Kinetin, and NAA.
explants was 3 to 5 folds.Plant Material— A single pea cultivar P-3 (NuTech 

First indication of shoot regeneration was Seeds, IA, USA) was used for experiments. Carefully 
observed at 0.08 mg/l of 2, 4-D. Nearly 25% selected seeds were sterilized in 1% (w/v) sodium 
regeneration was observed after 14 days of inoculation hypochlorite for 3 min followed by 5 min with 2.0 % 
of the nodal explants at this concentration (Fig. 1b). calcium hypochlorite, rinsed 4 times with sterile water 

and imbibed in sterile conditions for 6-8 h. Plants were However, Kinetin proved excellent as 1.0 mg/l induced 

grown in aseptic conditions in controlled growth 100 per cent shoot regeneration (Fig. 1c). Observations 

chamber. Sterile pea seedlings of 15-20 days old were made after 21 days showed a distinct difference in shoot 

lengths. The shoot lengths were directly proportional to selected for collecting leaf and nodal explants.

 

 

Fig. 1— Plant regeneration from different explants of Pisum sativum. (a) Callus

formation from leaf explants, (b) Shoot initiation from nodal explants, (c) Shoot 

development from basal callus, (d) Multiple branching in shoots, (e) Shoot 

development from leaf callus, (f) Root development from shoots, (g) Root 

development from callus, and (h) Hardening of regenerated plantlet. 

 

56 January, 6 (1)The International Journal of Plant Reproductive Biology 6(1) pp.55-59, 2014 2014 57Regeneration protocol of Pisum sativum L.



the Kinetin concentrations and highest kinetin interesting observation was obtained; callus produced 

concentration (2 mg/l) stimulated maximum shoot rooting, after incubation of the callus in darkness for a 

length. For further experiments, 1.5 mg/l Kinetin week in the same callusing medium. A recent report also 

concentration was short listed as prolonged green leaves showed that dark preincubation of leaf explants was 

were observed at this concentration (Fig. 1d). Shoots useful for shoot organogenesis in the medicinal plant 

regenerated from callus when transferred to the medium Rhodiola crenulata (Zhao et al. 2013). In summary, the 

containing 2.0/1.5 mg/l IBA/Kinetin, multiple present work reports a newly developed protocol for 

branching was observed after 10 days of transfer (Fig. rapid callusing and regeneration of pea suitable for 

1e). Brown callusing was also observed at the base after transformation experiments.
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pods and stem as explants. To our knowledge pea leaves Gamborg OL, Miller RA & Ojima O 1968 Nutrient 
were never used as explants by previous workers and our requirements of suspension cultures of soybean root 
report is the first showing pea leaves used as explants for cell. Exp. Cell Res. 50 151-158.
callusing. The current method and the identified 
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