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ABSTRACT
�In vitro mutagenesis� is defined as the induction of mutation in cell
cultures maintained in vitro by the use of chemical and physical mutagens
and subsequent establishment of cell lines and regeneration of mutant
plants. In the present paper, the effect of gamma rays was studied on
morphogenesis, rooting efficiency, caulogenesis and multiple shoot
production in Erythrina variegata L. Among the explants studied stem
and petiole have responded well in induction of caulogenesis, rhyzogenesis
and multiple shoots in 3-5 kR gamma irradiation.
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INTRODUCTION

Induced mutations (as opposed to naturally occur-
ring mutations) are of great use for plant breeding, ei-
ther directly to improve specific traits, or indirectly for
cross breeding experiments[1]. Cells have evolved an
elaborate set of enzymes to counteract the DNA dam-
age. They can repair and maintain DNA integrity, mak-
ing natural mutations quite rare. The principle of in vitro
mutagenesis, therefore, is to device a scheme by which
we can induce DNA lesions in a certain population of
cells maintained in vitro and allow these cells to divide
rapidly so that the repair mechanism introduces minor
errors in the nucleotide sequence of the DNA. As a
result, the selected population of cells would have mu-
tations in specific genes, and if whole plants were re-
generated from such cells, one would obtain mutant plant
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lines. The application of in vitro mutagenesis has vast
potential for increasing the available genetic variants in
the years to come. By the year 2000, over 2,200 mu-
tant varieties of plants (mostly ornamentals) had been
released world wide (FAO / IAEA Statistics), includ-
ing 175 crop plant species with induced mutant variet-
ies[2]. The mutagens cause various kinds of DNA dam-
age, such as deletion or duplication of nucleotides, or
rearrangements (inversion, translocation) of segments
of DNA in the chromosomes. Some of the base pair
deletions and substitution (e.g., exactly three bases of a
codon within a gene) may not lead to frameshift muta-
tions and may not result in any change of phenotype.

The definition of the term �In vitro mutagenesis�
mean �induction of mutation in cell cultures maintained
in vitro by the use of chemical and physical mutagens
and subsequent establishment of mutant cell lines and /
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or regeneration of mutant plants�. Plant tissue culture in
conjuction with mutation breeding and related techniques
is a promising and potentially emerging areas of plant
biotechnology and has generated great interest and
speculation for genetic manipulation of crop plants with
desirable results. Mutagenesis in vitro is an important
field for crop improvement[3]. A combination of explant
irradiation and in vitro regeneration is mostly effective
for manifestation of variants[4]. Radiations are poten-
tially useful for introducing plant mutants through tissue
culture. The recent in vitro mutagenic technology has
for reaching application in agriculture and it is envis-
aged that the next agricultural revolution will primarily
be based on in vitro technology. Following the discov-
ery that ionizing radiation[5,6] and mutagenic chemicals[7],
considerable options led to practicability of the mu-
tagenesis technique for improving productivity of a vast
array of organisms useful to man[8].

Several techniques in plant cell culture have been
used to isolate a number of mutants in various crop
plants which are available at the cultivar level[9,10]. The
application of physical mutagens in tissue cultures has
been reported by several authors[11]. Ionizing radiation
viz., X-rays and gamma rays are most useful in pro-
ducing plant mutants through tissue culture. There is
extensive study on the effects of ionizing radiations and
biochemical, physiological and morphological changes
in the plant system[12].

There was considerable work on in vitro mu-
tagenesis especially followed gamma-irradiation on
seeds, seedling and callus culture for their morpho-
logical and physiological variations[13]. There were re-
ports that lower doses of gamma irradiation was stimu-
latory in producing callus[14]. The subject of induced
mutations in tissue cultures has been extensively re-
viewed by several authors[15,16]. Stimulatory effects of
low doses of ionizing radiations, not only on growth
but also on different in cultured plants cells, was dem-
onstrated by several workers[17]. Kochba and Spiegel
Roy demonstrated that by irradiation and addition of
certain growth regulators like IAA to the medium the
response of Citrus sinensis tissue culture was en-
hanced[18].

There are no reports of in vitro mutagenic stud-
ies in Erythrina variegat L. only a few reports are
available in certain plant species of leguminaceae. In

Pachyrrhizus erosus there are reports on in vitro
mutagenesis[19]. Ghosh et al.[20] studied the effect of
gamma rays on callus cultures of Vigna sinensis.
Mutagenesis in vitro can increase variability since
adventitious shoot buds develop from simple callus.
Bajaj[21] studied the effect of gamma irradiation on
growth, RNA, protein and nitrogen contents of bean
callus. According to him the growth of the tissue cul-
tures stimulated by low levels of radiation and in-
creasing dosimetry, RNA and soluble protein con-
tent continued to decrease. Bajaj et al.[22] treated
seeds, seedlings and callus tissues of Phaseolus vul-
garis with gamma rays at 0.5 � 40 kR and found
callus tissue was most tolerant than the seedlings and
buds. Verma and Van Huystee[23] observed the for-
mation of gaint cells in ground nut cell suspension
cultures because of high doses of ionizing radiations.
Sham Rao and Narayana Swamy[17] irradiated cal-
lus tissue of Cajanus cajan with gamma rays at 0-
30 kR and found that irradiation helped in plant re-
generation.

In the present investigation the effect of gamma rays
on morphogenesis, rooting efficiency, caulogenesis and
number of shoot production were studied.

RESULTS

Effect of gamma rays

Gamma ray irradiated explants

Petiole explant cultures (Plate I, Figure 1-4)

The petiole explants collected from seedlings were
irradiated with 5 kR and 10 kR gamma rays. The ex-
plants exposed to 5 kR responded well in callusing on
MS medium supplemented with 2.0 mg/l, 2,4-D and
0.5 mg/l BAP. There is a high proliferation of callus in
subcultures. The browning of calli were observed in
long term cultures. Colour of the callus may be white,
yellowish, green and brown. The texture of the callus is
either friable or hard compact.

The explants exposed 10 kR gamma irradiation in-
duced multiple shoots (Plate I, Figure 3) on MS + 1.0
mg/l TDZ + 15% coconut milk. Plant regeneration was
observed in 5 kR gamma irradiated petiole explants
(Plate I, Figure 4).
Stem explant cultures (Plate I, Figure 5-8)
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During the present studies it was observed that the
callusing ability from irradiated stem explants increased
from 5 kR dose to 15 kR dose on MS medium with
2.0 mg/l BAP + 1.0 mg/l, 2,4-D + 2.0 mg/l L-glutamic
acid (Plate I, Figure 5). The percentage of growth re-
sponse and morphogenetic response was presented.
The maximum percentage of callusing, multiple shoot

formation and rhizogenesis was observed on MS + 2.0
mg/l BAP + 1.0 mg/l 2,4-D + 2.0 mg/l L-glutamic acid
and it was 85% stem irradiated with 5 kR responded
well to this maximum percentage of growth response
(Plate I, Figure 8). After subcultures greening of callus
and globular like structures appeared on the same me-

Plate I

Plate II
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dium (Plate I, Figures 6 & 7). There was a significant
increase in fresh and dry weights of callus in the lower
doses whereas at higher doses there was a progressive
decrease in the fresh weight and dry weights when com-
pared to control callus. Regeneration of plantlets in-
duced from the callus exposed to 10 kR gamma irra-
diation (Plate I, Figure 8).

Leaf explant cultures (Plate II, Figure 1-4)

Young leaves cut from seedling explants were ex-
posed to varied doses i.e., from 1 kR to 20 kR. The
leaf explants were used for the induction of callus by
cutting the leaves into small pieces of about 2-3 sq cm
size. The pieces were inoculated on the MS medium
supplemented with 2.0 mg/l TDZ + 1.0 mg/l NAA
(Plate II, Figure 1). Started proliferation after 15 days
of the inoculation on MS + 1.0 mg/l TDZ + 0.5 mg/l
NAA. The maximum percentage of cultures with growth
(callus response was achieved by increasing the con-
centration of L-glutamic acid). Above levels of 2. 0 mg/
l TDZ reduces the growth response. Green spots ap-
peared on 2.0 mg/l BAP + 1.0 mg/l NAA (Plate II,
Figures 2 & 3). There was a significant increase in fresh
weights and dry weight with an increase in dose of
gamma rays from 1 kR to 10 kR and after there has
been gradual decrease.

Cotyledon cultures (Plate II, Figure 5-8)

The irradiated (5 kR) cotyledons of Erythrina
variegata were inoculated on MS medium supple-

mented with 2.0 mg/l 2,4-D and 1.0 mg/l BAP. BAP
alone could proliferate callus from cut ends but the per-
centage of cultures showing response were less (Plate
II, Figure 5). In 35% of cultures showed the callus pro-
liferation on 0.5 mg/l BAP + 2.0 mg/l L-glutamic acid
and 2.0 mg/l 2,4-D. The combination of 1.0 mg/l 2,4-
D + 2.0 mg/l L-glutamic acid promoted compact and
profused callus formation. On MS medium supple-
mented with above phytohormones green granular cal-
lus proliferation was observed and later the callus turned
brown (Plate II, Figure 7). Rhizogenesis was observed
on 2.0 mg/l BAP + 1.0 mg/l 2,4-D + 2.0 mg/l L-glutamic
acid. The cotyledon callus irradiated with 10 kR doses
on MS + 2.0 mg/l BAP + 1.0 mg/l TDZ + 1.0 mg/l L-
glutamic acid responded well for plant regeneration.

DISCUSSION

Radiation induced mutations have been extensively
used for the improvement of crop plants. A combina-
tion of in vitro techniques and radiation induced mu-
tagenesis has been recommended to improve plants[2].
Genetic variability can be induced through in vitro mu-
tagenesis. Mutagenesis in vitro is an important field for
crop improvement[3]. A combination of explant irradia-
tion and in vitro regeneration is mostly effective for
manifestation of variants[4].

In the present investigation in vitro mutagenesis was
used to study the effect of gamma irradiation on callus
induction and organogenesis. Most of the observations
and findings have confirmed the earlier reports. The ef-
fect of gamma rays in tissue culture has been reported
in different plant materials[24,25]. In the present study on
the effect of gamma rays on callus induction, the lower
doses of irradiation promoted the callus growth and
higher doses decreased it. Such findings were reported
by Venkateswaran and Partanen[26] in tobacco. George
and Rao[27] reported the doses like 2,3 and 4 kRs
favoured callus and multiple shoot induction. When ex-
cised hypocotyl segments of Cajanus seedlings ob-
tained from gamma irradiated seeds were grown on
MS medium containing 2,4-D + Kn. Hypocotyl seg-
ments was observed. Proliferation of the tissue was more
marked in the segments that had received 5 kR[17].
Mustafa et al.[28] reported the effect of gamma radia-
tion on morphogenesis from different explants of bitter

TABLE 5 : Morphogenetic response of leaf explants derived
from gamma irradiated seedlings on ms medium with 2.0 mg/
l BAP + 1.0 mg/l NAA and 2.0 mg/l L-glutamic acid.

Dose 
(kR) 

% of cultures 
with growth 

response 

Morphogenetic 
response 

Control 65 Callus + Shoots + Roots 

1 72 Excessive callus 

2 78 Shoots and Roots 

3 85 Multiple shoots 

4 90 Multiple shoots 

5 80 Initiation of callus 

10 45 Initiation of shoot buds 

15 NR 
Proliferation of death 
callus (after 4 weeks) 

20 NR 
Proliferation of death 
callus (after 2 weeks) 

Data scored at the end of 6 weeks of culture; NR = No response
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gourd Momordica charantia. Effect of gamma irra-
diation on cotyledon cultures of mustard plants were
demonstrated by George and Rao[27]. The effect of
gamma irradiation on growth and cytology of carrot
tissue culture was reported by Bassam, Safadi and
Simon[29]. The exposure dose and dose rate of gamma
irradiation on shoot forming capacity of cotyledon ex-
plants of red pepper was studied. In the present study
variations in leaf, floral characters, induction of callus
and shoot formation were observed. This finding is sup-
ported by Mustafa et al.[30]. The response of cells to
radiations are said to be dose dependent according to
Arya and Hilbdrandt[31] working on grape stem callus.
Bajaj[21] used doses of 0, 1, 2, 3, 10, 20, 30 and 40 kR
gamma rays on callus cultures of Phaseolus vulgaris
to study their effect on total protein and RNA.

The morphogenesis was observed in Erythrina
variegata after two subcultures. King[32] showed that
irradiated tobacco callus induced the initiation at mer-
istem in an adjacent non-irradiated fragment. Effect of
irradiated sucrose on morphogenesis was also stud-
ied[33]. It was suggested that radiation induced organo-
genesis results from inactivation of auxin by radiation,
removing the inhibition of bud formation.

The effect of gamma rays was studied on multiple
shoots from different explants i.e., nodal, cotyledon,
shoot tip, hypocotyl and stem of Erythrina variegata.
Among all the explants used, nodal explants were the
best for mltiple shoot induction followed by shoot tip,
cotyledon, hypocotyl and stem explants. Development
of more number of shoots from shoot-tip than from the
nodal and cotyledons indicates that the former explants
have a high regenerative capacity, which promoted re-
generation of shoots and inhibited regeneration of roots
in the presence of cytokinins.

During the studies it was observed that lower con-
centration of BAP and L-glutamic acid promoted the
multiple shoot induction in almost all the explants stud-
ied. BAP was found essential for shoot multiplication.
Other leguminous tree species where BAP-induced
shoot multiplication has been reported are Acaci[34],
Dalbergia[35], Albizzia[36] and Leucaena[37]. In
Prosopis, however, Kn with IAA proved better than
BAP[38]. BAP and glutamine promoted shoot multipli-
cation in Pterocarpus santalinus in the second pas-
sage but thereafter the rate of shoot proliferation de-

clined. This may probably be due to the endogenous
levels of certain factor/s, inherited with the explants,
which is / are gradually diluted with each passage and is
/ are completely lost after the third passage. The com-
bination of cytokinins and auxins stimulate the in vitro
multiplication and the growth of shoots of several plant
species[39]. However, in our case, the addition of either
NAA, IAA or IBA to the multiplication medium (MS
with BAP) significantly reduced the number of shoots
per explant and did not affect shoot length. Lower con-
centration of auxin (NAA) and cytokinins (BAP) in-
duced callus from nodal and cotyledon explants. Such
results were supported by earlier findings. Halder and
Galdgil[40] reported the shoot bud differentiation in
Momordica and Cucumis. The frequency of adventi-
tious buds were increased with increase in concentra-
tion of BAP or TDZ after irradiating the cotyledons in
Cucumis sativus[41]. During the course of investigation
the higher concentrations of BAP (3.0 mg/l) induced
multiple shoots in all explants studied TDZ proved the
most effective cytokinin in inducing shoot bud forma-
tion, which resembles the earlier reports of Capsi-
cum[42]. Multiple shoot buds were differentiated from
cotyledon explants or Mathioloa incana cultured on
BAP or TDZ[43]. TDZ and BAP combinations were
recorded to induce direct shoots in the present investi-
gation similar observations were made in Brassica
spp.[44] and Castor[45]. TDZ, BAP combinations were
provided superior to BAP-Kn combination in inducing
shoots in tomato[46].
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