Indian J. Plant Physiol., Vol. 10, No. 3, (N.S.) pp. 205-210 (July-Sept., 2005)

AN EFFICIENT DIRECT SHOOT REGENERATION FROM COTYLEDONARY NODE
EXPLANTS OF PEANUT (ARACHIS HYPOGAEA L. CV. JL-24)
M.R. BEENA, S.K. JAMI, T. SRINIVASAN, T. SWATHI ANURADHA, G. PADMAJA AND P.B. KIRTI*
Department of Plant Sciences, School of Life Sciences, University of Hyderabad, Hyderabad 500 046, India
Received on 15 June, 2005

SUMMARY
The shoot regeneration response from different explants, viz. cotyledon, cotyledonary node and
petiolule, of the most popular Indian cultivar, JL-24 of peanut (Arachis hypogaea L.), was evaluated by
culturing on Murashige and Skoog medium containing B5 vitamins supplemented with different growth
regulators. Shoot bud initiation, proliferation and subsequent development into shoots were found to
be superior from cotyledonary node explants in comparison to other explants. High frequency (69%)
direct shoot regeneration from cotyledonary node was observed on MS medium with 4.0 mg l-1 BAP
and 0.2 mg l-1 NAA. The shoots elongated upon transfer to MS medium with lower concentrations of
BAP. Elongated shoots could be continuously harvested at 15 days interval for a period of 75 to 90
days. The regenerated shoots were rooted at a high frequency of 84.5% on MS medium containing 1.0
mg l-1 NAA. The regenerated plantlets survived to maturity in greenhouse, flowered, set pods and seed
normally. This protocol could be very efficiently used for transformation studies.
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INTRODUCTION
Peanut (Arachis hypogaea L.) is an important
oilseed crop with high economic value in India and
worldwide. The peanut seed has the dual advantage of
being important as a source of edible oil as well as
protein. In India, much of the cultivation of this crop
occurs in the semi-arid tropical regions and the fate of
the crop is dependent on the vagaries of nature, which
are in the form of abiotic and biotic stresses. Though the
genus Arachis contains a number of wild accessions
possessing genes for resistance against different stresses,
these genes could not so far utilized in peanut
improvement through conventional breeding because of
the association of these desirable genes with undesirable
gene blocks. In such a situation, genetic transformation
technology offers an efficient alternative for introducing

known alien genes conferring stress tolerance into peanut.
These genes could be introduced through genetic
transformation into desirable cultivars of a crop species
and a good number of transgenic plants could be tested
for the desired level of transgene expression and
improvement of the target trait. To achieve this, an
efficient and repeatable regeneration protocol is a
prerequisite.
Regeneration in peanut is a difficult task as it is a
leguminous plant with high polyphenol content. Tissue
culture at every step - shoot bud induction, elongation,
rooting, acclimatization and transfer to greenhouse and
establishment - is critical for this crop. Direct shoot
regeneration from different explants like hypocotyl,
epicotyl, leaflet, cotyledonary node etc. has been reported
earlier (Mroginski et al. 1981, McKently et al. 1991,
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Cheng et al. 1992, Eapen and George 1993, Kanyand et
al. 1994, Venkatachalam et al. 1996, Ponsamuel et al.
1998, Venkatachalam et al. 1999). But most of the
protocols showed either sporadic or transient shoot
regeneration with less conversion frequency. Direct
shoot organogenesis from meristematic explants without
callus phase is emerging as a rapid and relatively efficient
method for Agrobacterium mediated transformation in
a number of legume species as it would eliminate the
negative effects of somaclonal variation. In the present
study the shoot regeneration response of cotyledon,
cotyledonary node and petiolule explants have been
evaluated. The results obtained in the study differ from
earlier reports in induction of shoot buds from
cotyledonary node explants followed by continuous
recovery of shoots by repeated transfer to medium
containing lower levels of BAP. The protocol described
here can be efficiently exploited for genetic
transformation.
MATERIALS AND METHODS
Mature seeds of peanut (Arachis hypogaea L.)
cultivar JL-24 were shelled and stored at 4°C at least
24 h before use. Seeds were surface sterilized with 0.1%
(w/v) HgCl2 for 7 min and rinsed four to five times in
sterile double distilled water. The seeds were soaked for
6 h and were germinated on filter paper wicks soaked
in sterile double distilled water. Three to four-day old
germinating seeds were used for the experiments; at the
stage when the cotyledons turned light green and radicle
of about an inch length was discernible. After removing
the seed coat completely, about 70% of the radicle and
the apical shoot were removed and the explants were
cut vertically into two halves along the embryo axis. The
nodal region that was exposed by the removal of the part
of the embryo axis attached to the cotyledon was
damaged vertically to inhibit the growth of any primary
buds. The cotyledonary node explants so prepared was
cultured on MS medium with different growth regulator
combinations. For petiolule explants with the lamina
attached, the unopened leaflets were excised from five
to six-day old seedlings and cultured on MS media with
different combinations and concentrations of growth
regulators. Cotyledon explants were taken directly from
the seeds that were soaked for 4 to 6 hr in sterile distilled
water after surface sterilization and de-embryonation.
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Cotyledons and cotyledonary node explants were cut into
two vertical halves and were cultured with the cut end
touching medium with the proximal end inserted. A
minimum of 100 explants were cultured for each
treatment combination. The data obtained was analyzed
by analysis of variance (ANOVA).
For the experiments on in vitro regeneration, various
combinations of growth regulators were used with MS
(Murashige and Skoog 1962) basal salts, B5 (Gamborg
et al. 1968) organic constituents and 3% (w/v) sucrose.
The pH of the medium was adjusted to 5.7 and solidified
with the addition of 0.5% (w/v) agargel (Sigma-Aldrich,
St. Louis, USA). For initial experiments, different
concentrations of BAP (0.5-8.0 mg l-1) alone and in
combination with other growth regulators like 2,4-D and
NAA at concentrations ranging from 0.1 to 1.5 mg l-1
were tested (Table 1). All cultures were incubated at 27
± 1°C in the culture room with 16/8 hr photoperiod
maintained at about 1500 lux. Subcultures were done at
30-day intervals unless otherwise mentioned. Explants
with shoot buds were transferred to media containing ≤
2.0 mg l-1 BAP for shoot elongation. Rooting of elongated
shoots was tried on nutrient media without any growth
regulators and those containing 0.1, 0.5, 0.8 and 1.0 mg
l-1 NAA.
RESULTS AND DISCUSSION
Shoot Regeneration

Direct shoot bud regeneration was observed with a
high frequency from cotyledonary node in comparison to
cotyledon and leaf petiolule (Fig. 1 a-d). Effectiveness
of cotyledonary node in shoot regeneration was
demonstrated in soybean by Olhoft and Somers (2001)
and Olhoft et al. (2001) that was successfully used for
genetic transformation. In the present study cotyledonary
node explants developed numerous shoot buds only when
the explant was cultured with the cotyledon attached to
it. Cotyledon became shrunk once the shoot buds started
developing.
The cotyledons turned green, enlarged and started
developing callus at the cut end within 7 to 10 days of
culture. Shoot bud initiation was observed at the proximal
end of the cotyledon (Fig. 1a), where the embryonic axis
was previously attached and similar observations have
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Fig. 1. a-g: Regeneration in peanut (Arachis hypogaea L.) cultivar JL.24. Regeneration of shoot buds on a) cotyledon,
b) petiolule, c and d) cotyledonary node initial stage and after 30 days of culture, e) elongated shoot buds developed on
cotyledonary explants, f) well rooted shoots ready for acclimatization and glass-house transfer, g) well established and
flowered plant in green house.

been made in soybean by Mante et al. (1989).
Occasionally shoot buds developed from the cut region
in contact with the medium, though profuse callus growth
was prominent. When petiolule explants were cultured
in vitro, leaflets turned green after one week of
incubation and enlarged four times in size. From the
petiolule cut end, small bud primordia started developing
along with white friable callus.
Cotyledonary node explants enlarged and turned
green in 3 days and green nodular structures differentiated
at the meristematic region half way to proximal end by
5-7 days of culture, and the basal hypocotyl region
attached to the explant developed callus (Fig. 1c) that
probably acted as nurse cells for the developing shoot
buds once the cotyledon was removed. This explains the
better growth of shoot buds when this callus was retained
in the culture until the shoots elongated. The shoot buds
became prominent within 10 to 15 days of culture. Unlike
cotyledon explants, clustering of sheath like structures
(Fig. 1a) were not found in shoots developed on
cotyledonary node explants (Fig. 1 c and d).

Cotyledons cultured on MS medium with BAP (0.58.0 mg l-1) alone developed shoot buds. Green hard callus
developed on medium containing low concentrations of
BAP (0.5-3.0 mg l-1) and the number of shoots produced
was found to be less. On medium containing higher
concentrations of BAP (6.0-8.0 mg l-1) the number of
shoot buds decreased and the shoots formed were very
short with dark green brittle leaves. Large number of
shoot buds proliferated on medium with 4. 0 mg l-1 BAP;
however, on an average, 7.5 shoot buds elongated into
shoots after 30 days of culture on the same medium.
Shoot regeneration was higher on medium containing 4.0
mg l-1 BAP in combination with 0.2 mg l-1 NAA. An
average of 6 shoot buds elongated following sub-culture
to the same medium. When clumps of shoot buds were
transferred to medium containing 2.0 mg l-1 BAP, 4 to 5
shoot buds elongated accounting to 75% shoot recovery
and as many as 40 shoots could be harvested from a
single cotyledonary node explant in 90 days time following
this method. Similar situation has been encountered while
culturing petiolule explants on MS medium containing

Indian J. Plant Physiol., Vol. 10, No. 3, (N.S.) pp. 205-210 (July-Sept., 2005)

207

M.R. BEENA et al.

different concentrations of BAP alone and in combination
with NAA but with induction of less number of shoot
buds and low frequency of shoot bud elongation.
Among the various concentrations of BAP tested on
cotyledonary node explants 4.0 mg l -1 BAP gave
maximum number of shoot buds (35-40) per explant
(Table 1). The shoot buds were clustered and fasciation
was occasionally noticed at higher concentration of BAP
and similar observations have been made earlier in peanut
(Baker and Wetzstein 1998). Higher concentration of
BAP stimulated bud formation but inhibited further
development and growth of shoot buds as also observed
by Venkatachalam et al. (1999). Relatively low number
of shoot buds were produced at lower concentration of
BAP (0.5-3.0 mg l-1). Addition of auxin along with BAP
favoured induction of more shoot buds (50-60) per
cotyledonary node explant (Table 1). Among the growth
regulators tested, 2.0 mg l-1 NAA and 1.0 mg l-1 2,4-D

along with 4.0 and 5.0 mg l-1 BAP, respectively gave
better results (Table 1 and 2). Cytokinins always showed
this synergistic effect when used along with lower
concentration of auxins.
When similar growth regulator combinations were
tried with slight variations on petiolule explants, the
regeneration response was poor. Though few shoot buds
differentiated, only 2% of them elongated to shoots even
after 2-3 sub-cultures. Cheng et al. (1992) reported
regeneration from petiolules at a very high concentration
of BAP (25.0 mg l-1) in combination with 1.0 mg l-1
NAA. Differences in the regeneration potential among
the three explants used could be due to physiological
status and extent of tissue differentiation. This also
explains the fact that younger unopened leaves
responded faster and positively compared to the older
leaves. Mroginski et al. (1981) and Baker and Wetzstein
(1998) reported that young unopened leaves have high

Table 1. Effect of different growth regulators on direct shoot regeneration from cotyledonary node (Cn), cotyledon
and petiolule explants of peanut after 20 days of culture
Sl
no.

Plant growth regulators
(mg l-1)
BAP
NAA
2,4-D

Av. number of shoot
buds ± SD
Cotyledon
Cn
Petiolule

1

3.0

—

—

13.9 ± 1.37

30.6 ± 2.16

2

4.0

—

—

20.3 ± 1.18

3

5.0

—

—

4

3.0

0.1

5

4.0

6

Per cent response
Cotyledon

Cn

Petiolule

15 ± 1.0

60

63

50

34.8 ± 0.66

10 ± 0.33

58

76

49

18.1 ± 1.51

32.2 ± 2.19

10 ± 0.33

35

58

30

—

17.8 ± 1.4

28.4 ± 0.66

19 ± 0.89

12

50

43

0.1

—

22.4 ± 1.95

39.7 ± 2.10

10 ± 0.6

30

25

50

5.0

0.1

—

19.5 ± 2.8

25.2 ± 4.04

11 ± 1.2

50

65

40

7

3.0

0.2

—

18.1 ± 1.3

31.1 ± 0.94

16 ± 0.04

48

25

50

8

4.0

0.2

—

24.7 ± 1.61

52.2 ± 4.52

10 ± 0.93

64

79

40

9

5.0

0.2

—

17.9 ± 1.44

27.3 ± 1.41

10 ± 1.14

45

50

45

10

3.0

—

0.5

—

21.1 ± 1.22

—

—

67

—

11

4.0

—

0.5

—

18.8 ± 1.09

—

—

75

—

12

5.0

—

1.0

—

29.8 ± 1.77

—

—

60

—

13

3.0

—

1.5

—

25.8 ± 1.06

—

—

50

—

14

4.0

—

1.5

—

17.2 ± 0.9

—

—

20

—

15

5.0

—

1.5

—

15.0 ± 1.67

—

—

40

—

208

Indian J. Plant Physiol., Vol. 10, No. 3, (N.S.) pp. 205-210 (July-Sept., 2005)

SHOOT REGENERATION OF PEANUT

Table 2. Regeneration percentage and average number of shoot buds per explant of cotyledon and cotyledonary
nodal (Cn) explants of Arachis hypogaea cv. JL-24 on MS medium containing BAP and NAA (after
60 days)
S.No.

Growth regulators (mg l-1)
BAP
NAA

Av. no. of shoot buds/ explant ± SD
Cotyledon
Cn

Per cent regeneration
Cotyledon
Cn

1

3.0

0.1

22 ± 0.08

25 ± 1.2

22

25

2

3.0

0.2

28 ± 1.6

46 ± 2.8

36

37

3

3.0

0.5

25 ± 0.95

55 ± 2.19

35

39

4

4.0

0.1

43 ± 1.4

84 ±1.79

40

41

5

4.0

0.2

54 ± 1.5

104 ± 13.8

48

69

6

4.0

0.5

25 ± 0.1

77 ± 1.23

19

42

7

5.0

0.1

20 ± 1.3

—

22

—

8

5.0

0.2

15 ± 0.66

—

18

—

9

5.0

0.5

19 ± 0.52

—

5

—

potential for shoot regeneration in comparison to older
leaves. Culture of petiolule explants on 2,4-D containing
medium resulted in more callus along with shoot buds,
which started re-callusing upon subculture to medium
devoid of auxin. While reporting shoot regeneration in
peanut, similar observations were also made by
Narasimhulu and Reddy (1983). This could be due to the
higher levels of endogenous auxins in the explants or
imbalance between the endogenous hormone levels and
the growth regulators supplied externally.

of BAP could be done till it was cultured on to MS basal
medium without any cytokinin. Thus at the end of 5 to 6
sub cultures at 15 days interval about 65 shoots were
obtained. This result is in corroboration with the study
of Kanyand et al. (1994) that showed the suitability of
such regeneration system for gene transfer because of
the ease in imposing antibiotic selection on transformed
tissues and the de novo induction of shoot buds from
transformed tissues without the intervention of callus
phase.

Initial culture of cotyledonary node explants on 4.0
mg l-1 BAP with 0.2 mg l-1 NAA gave an average of
52.2 shoot buds. An average of three shoot buds per
cotyledonary node explant developed into shoots of 1.02.0 cm length in the same medium. Efficient shoot
development (69%) was observed from cotyledonary
node explants and the number of shoot buds almost
doubled at the end of 60 days of culture (Table 2).
Remaining 31% of the cotyledonary node explants
showed callus formation along with few shoot buds. On
medium containing 2.0 mg l-1 BAP, 4-5 shoot-buds per
explant elongated per cluster (Fig. 1e). Elongation of
shoot buds from the shoot buds that failed to elongate
was achieved by gradual reduction of BAP from 1.5 to
0.5 mg l-1. This cycle of harvesting shoots and subculturing on to medium containing lower concentration

Rooting of in vitro shoots

Elongated shoots when cultured on MS salts alone
gave rise to less number of roots that were thin and
unbranched. On MS medium containing 1.0 mg l-1 NAA
84.5% shoots rooted readily with induction of four to
eight healthy roots from the base of each shoot. Shoots
developed from cotyledon explants took more than ten
days to root while shoots from cotyledonary node rooted
relatively easily. Roots developed were thick and long
with more than 10 branches (Fig. 1f). Plantlets survived
on sterile vermiculite-sand mixture (1:1), grew well and
acclimatized within 15 days under culture room conditions
and were subsequently transferred to the glass house,
where they were covered with polythene bags to maintain
high humidity initially. Once in a week, they were supplied
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with MS salts and vitamins for one month or until they
produced new leaves and started growing normally.
About 60% of the plantlets developed from cotyledon and
98% of the plantlets from cotyledonary node grew well
and established under glass house conditions, where they
flowered (Fig. 1g) and set viable seeds, which showed
100% germination and produced phenotypically normal
R 1 generation. The present study showed that
cotyledonary node is the most regenerative explant for
producing large number of shoots within short period of
time and can be utilized for regeneration and
transformation of peanut with good efficiency.
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