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Abstract

In the present work an efficient regeneration protocol has been established for mustard (Brassica juncea var Pusa Jaikisan) using
hypocotyls of in vitro grown seedlings for callus induction and multiple shoot induction. Different concentrations of
phytohormones, auxin (NAA: Naphthalene acetic acid) and cytokinins (BAP: Benzylaminopurine) were used. For callus induction
and plant regeneration, the MS medium was supplemented with 3% sucrose and BAP (6-benzylamino purine) and NAA
(Naphthalene acetic acid) at different concentrations of 0.2, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/L. About 91.6-100% formation of callus
from hypocotyls explants were observed in the MS media supplemented with BAP at 0.5-1.0 mg/L + NAA at 0.5-1.0 mg/L. In these
conditions, the explants also produce more number of shoots ranging from 7 to 20 shootlets/explant. It was also observed that at
MS medium with BPA at 2.0-2.5 mg/L + NAA at 0.5 mg/L, all the explants (100%) produced callus but shoot induction was found
to be very less and about 8.3-33.3% explants showed shoot formation with as less as 1-2 shootlets/explant. This protocol can be

further explored for transformation of mustard for incorporation of specific genetic traits for improvement of crops.
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Introduction

The oilseed (Brassica sp) cultivation has increased tremendously
from last few years and by now it is the second largest contributor
to the world supply of vegetable oil. Tissue culture technique can
be use in combination with molecular techniques, which find to
be a successful approach for incorporation of specific trait
through gene transfer called DNA recombinant technology'.

It has been reported from various studies that improvement of
plants through conventional breeding method is relatively time
consuming, slow and labor intensive. Conventional genetic
improvement programmes based on plant tissue culture and
molecular genetics are essential as a complement to standard
breeding. Regeneration in mustard is highly variable and
genotype specific. Use of hypocotyls and / or cotyledons as an
explants for in vitro plant regeneration has received considerable
attention” > >,

Success in plant tissue culture and plant transformation depends
on two important factors, choice of explant and supplemented
culture medium. Frequency of shoot regeneration is high when
we use hypocotyls as an explants, it has been reported from
several Brassica sp for genetic transformation’. Advances in
technologies such as transfer of foreign gene in plants have
overcome several barriers to crop improvement’. As a
consequence, both for agronomic improvement and genetic
studies, callus induction and regeneration protocol are required.
The present experiments were conducted to determine the callus
formation and regeneration efficiency of hypocotyl segments of
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in vitro grown mustard seedling and find out the best medium for
further tissue culture based crop management of mustard.

Material and Methods

Surface sterilization and inoculation of seeds in MS media:
The seeds of mustard (Brassica juncea var Pusa Jaikisan) were
procured from Division of Genetics, Indian Agricultural Research
Institute, New Delhi. As the percent in vitro seed germination is
reduced with high bacterial and fungal contamination, an efficient
protocol for surface sterilization of seeds was standardized. The
seed size is a considerable and significant factor in the
germination and early stage of plant growth’. Germination of
seeds and shoot and root induction also affected by increasing salt
concentration®. So concentration of all salts in MS medium
should be balanced for appropriate regeneration. In the present
study medium size seeds has been taken for germination The
seeds were given treatment with Tween-20 for 10 min and then
washed with distilled water. The seeds were then treated with
Bavastin (Carbendazim at 0.25%, w/v) for 2 min followed by
washing with distilled water. The seeds were further treated with
70% ethanol for 2 min followed by washing distilled water and
further surface sterilized by immersing the seed in 0.1% mercuric
chloride (HgCl,) for 2-3 min, rinsed with sterile water. About 7-8
seeds were transferred aseptically with the help of forceps to each
jam bottle (7-8 cm diameter) containing 50 ml of MS medium
and incubated at 26 + 2°C under photoperiod of 16 hr light and 8
hr dark.

Callus formation and shoot regeneration: Hypocotyls were
used as an explant from in vitro grown seedlings source in the
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present study. About 0.8-1 cm long pieces of hypocotyls of 10
days old mustard seedlings were cut with the help of sterile
blades. Hypocotyls below the first true leaf from 3-4 weeks old in
vitro seedlings were taken. Four pieces of hypocotyls were
transferred to each of the jam bottle containing 50 ml of MS
medium supplemented with different combinations of hormones
(BAP and NAA) and kept in incubation chamber at 26 * 2°c
temp’ maintaining white florescent lights under photoperiod of 16
hr light and 8 hr dark. For callus induction and plant regeneration,
the MS medium was supplemented with 3% sucrose and BAP (6-
benzylamino purine) and NAA (Naphthalene acetic acid) at
different concentrations of 0.2, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/L.
Fourteen plant regeneration media, CRM1 to CRM14 were made
and used for determination of regeneration capacity Table-1.

To get higher regeneration, the explants were sliced at an angle
increasing surface and placed the explants horizontally dipping
the basal end on medium. The regenerated explants were sub-
cultured regularly at 10 days interval. The results were observed
according to appearance of callus after 28 days of inoculation and
percent plants regenerated was calculated.

Results and Discussion

Brassica seeds started germination after 2-3 days after inocultion
on the MS medium figure-1a. The matured seedlings with two-
leaf stages were arisen at 8-10 days after germination of the seeds
(data not shown). Similar results were also reported earlier”'”.
The hypocotyls of the in vitro grown seedlings were used as

explants in the present study. Earlier, hypocotyls segment of in
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vitro grown Brassica seedlings have been used''. The hypocotyls
of uniform size (1 cm) were taken in the present study.

The number of explants inducing callus and producing shoots
varied at different hormonal treatment Figure-1b,c. About 91.6-
100% callus formation from hypocotyls explants were observed
in the MS media supplemented with BAP at 0.5-1.0 mg/L + NAA
at 0.5-1.0 mg/L. In these conditions, the explants also produce
more number of shoots ranging from 7 to 20 shootlets/explants
Figure-1d. It was also observed that at MS medium with BAP at
2.0-2.5 mg/L + NAA at 0.5 mg/L, all the explants (100%)
produced callus but shoot induction was found to be very less and
about 8.3-33.3% explants showed shoot formation with as less as
1-2 shootlets per explant. Maximum shoots formation from
hypocotyl-derived callus was obtained earlier on a medium
supplemented with 4.0 mg/ L of BAP and 0.05 mg/L of NAA'. In
the present study, increased number of shoot per hypocotyls
derived callus was found in the medium with 0.5-1.0 mg/L of
BAP + 0.5-1.0 mg/L of NAA. Minimum callus induction has
been reported earlier in MS medium, supplemented with 2 mg/l
BAP and 5 mg/l Kinetin’. Effect of heavy metals on callus
induction and regeneration has also been studied earlier'”.
Previously, cent percent shoot regeneration has been reported in
the MS medium supplemented with 2mg/L of BAP and 0.01mg/L
of NAA". Successful shoot regeneration up to 90% from
hypocotyls of Brassica sp callus has been achieved at 2mg/L of
BAP*. Regeneration of 67-82% shoots from hypocotyls derived
callus at different concentrations of hormones BAP (2mg/L) and
L Silver nitrate (Smg/L) in MS medium having 0.1mg/L NAA
has been reported'*.

Table-1
Callus and shoot Induction of hypocotyls of in vitro grown seedling of Brassica juncea var Pusa Jaikisan

MS media Callus induction* Shoot induction after keeping the callus
supplemented with in the same medium**
BAP and NAA No. of explants No. of Percent explants No. of explant Percent explants
used for callus explant inducing callus indeuced inducing shoot
formation producing formation formation formation
callus (Frequency) (Frequency)

CRM1.0.5B+0.2N 12 7 58.33 - -

CRM2.2.0 B+0.2 N 10 7 70 - -

CRM3.1.0B+1.0N 12 11 91.6 1(20) 8.3
CRM4. 1.0 B+0.5 N 12 12 100 1(10) 8.3
CRMS. 0.5 B+0.5 N 12 12 100 1(7) 8.3
CRM6. 0.5 B+1.0N 12 12 100 1(15) 8.3
CRM7.2.5B+1.0N 12 5 41.6 2(1) 16.6
CRMS. 0.5 B+1.5N 6 12 50 1(1) 16.6
CRM9. 2.5 B+0.5 N 12 11 100 1(1) 12.5
CRM10.2.5B+1.5N 12 10 91.66 1(1) 12.5
CRM11.2.0 B+1.0 N 12 9 83.33 1(1) 12.5
CRM12.2.0 B+1.5N 16 12 56.25 3(2) 18.7
CRM13.2.0 B+0.5 N 12 8 100 4(2) 33.3
CRM14 0.5 B+0.1 N 8 - 100 1(1) 12.5

B: BAP; N: NAA; Numerical denotes the concentration of the hormone/L; Parentesis denotes maximum number of shoot/explants
produced; *: data taken after 4 weeks, **: data taken after six weeks
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Figure-1 a-d
Callus formation and shoot Induction in inoculated hypocotyls of mustard var Pusa Jaikishan at different concentrations of
BAP and NAA in MS medium; A: germination of seeds in to seedlings B:callus formation at MS medium supplemented with
1.0 mg/L +1.0 mg/L of BAP +NAA, shoot formation at 1.0 mg/L+1 mg/L of BAP +NAA (B/N), C: shoot initiation at 0.5
mg/L +1.0 mg/L of BAP +NAA, D: multiple shoot formation at 2.5 mg/L+0.5 mg/L of BAP +NAA

The present study revealed that MS medium supplemented with
0.5-2.5 mg/L of BAP along with 0.5-1.0mg/L. of NAA gives
good response to maximum callus induction and shoot
regeneration for mustard. The increased amount of NAA (>1.5
mg/L) decreased the callus formation. As the effect a
combination of growth regulators on callus induction was
genotype-dependent, it is concluded that mustard var. Pusa
Jaikisan is more responsive to in vito regeneration in minimum
concentration of hormones. Genetic modification can be done in
the enzymes which involve in phytohormones production
pathways, which can change the architecture of plant, as earlier
genetic modification in gibberelin oxidase has been done to
change plant architecture”. Finally, it was concluded that the
regeneration protocol developed in the present investigation is
reliable and it would be effectively utilized for further genetic
transformation of Brassica sp using different genetic traits of
crop improvement.
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Conclusion

On the basis of results it may be concluded that regeneration
protocol developed in the present investigation for Brassica
juncea var. Pusa Jaikisan is reliable and can be effectively
utilized for genetic transformation of Brassica species.

Acknowledgement

This work was financially supported by DST-FIST.

Reference

1. Brown D.C.W. and T.A. Thorpe, Crop improvement
through tissue culture. World Journal of Microbiology and
Biotechnology, 11, 400-41 (1995)



Research Journal of Recent Sciences

ISSN 2277-2502

Vol. 3(0VC-2014), 16-19 (2014)

2.

Burbulis N., Kupriene R. and Blinstrubiene A., Callus
induction and plant regeneration from somatic tissue in
spring rapeseed (Brassica napus L.). Biologica, 54, 258-
263 (2008)

Khan M.R., Rashid H., Muhammad A. and Chaudhry Z.,
High frequency shoot regeneration and Agrobacterium-
mediated DNA transfer in Canola (Brassica napus), Plant
Cell, Tissue and Organ Culture, 75, 223-231 (2003)

Abrha G.T., Mekbib F. and Admasu B., In vitro plant
regeneration from callus of hypocotyls and cotyledonary
explants in Ethiopian mustard (Brassica cainata A Braun),
yellow Dodoll Cultivar, Asian J of Pl Sci, 12, 262-270
(2013)

De Block M. De Brouwer D. and P. Tenning,
Transformation of Brassica napus and Brassica oleracea
using Agrobacterium tumefaciens and the expression of

the bar and neo genes in the transgenic plants, J. Plant
Physiology, 91, 694-701 (1989)

Kansal M. and Sangha G.K., Ecological Impact of
Genetically Modified Crops, Res.J.Recent Sci., 2, 1-4
(2013)

Ahirwar J.R., Effect of seed size and weight on seed
germination of Alangium lamarckii, Akola, India.
Res.J.Recent Sci., 1, 320-322 (2012)

Chauhan R.R., Chaudhary R., Singh A. and Singh P.K.,
Salt Tolerance of Sorghum bicolor Cultivars during
Germination and Seedling Growth, Res.J.Recent Sci., 1(3),
1-10 (2012)

International Science Congress Association

10.

11.

12.

13.

14.

15.

Res. J. Recent. Sci.

Patil S., Shalini P. and Pillewan S., Callus induction and
plant regeneration in mustard (Brassica juncea). Advances
in Pl Sci., 15, 369-372 (2002)

Munir M., Rashid H., Rauf M., Chaudhry Z. and M.
Shahjahan Bukhari, M.S., Callus formation and plantlets
regeneration from hypocotyl of brassica napus by using
different media combinations, Pak. J. Bot., 40, 309-315
(2008)

Pushpa K., Chowdhury J.B., Jain R.K. and Kharb P.,
Assessment of somaclonal variation in three tetraploid
species of Brassica, National J. Plt Improvement, 4, 30-34
(2002)

Krishania S. and Agarwal K., Effects of heavy metal stress
on callus induction and regeneration of Finger millet
(Eleusine coracana) (L.) Gaertn, Res.J.Recent Sci., 2, 24-
28 (2013)

Mei-Zhu Y., Shi- Rang J. and Eng-chong P., High
frequency of plant regeneration from hypocotyle explants
of Brassic carinata A. Br. Plant cell, Tissue and Organ
Culture, 24, 79-82 (1991)

Alil H., Ali Z., Ali H., Mehmood S. and Ali W., In vitro
regeneration of brassica napus L., cultivars (star, cyclone
and westar) from hypocotyls and cotyledonary leaves, Pak.
J. Bot., 39, 1251-1256 (2007)

Bhattacharya A., Power J.B. and Davey M.R., Genetic
Manipulation of Gibberellin (GA) Oxidase Genes in
Nicotiana sylvestris using constitutive promoter to modify
Plant Architecture, Res.J.Recent Sci., 1(5), 1-7 (2012)



