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Abstract Morphogenetic potential of cotyledon and

hypocotyl explants of cabbage (Brassica oleracea L. var.

capitata) was studied to develop a reliable plant regener-

ation protocol. Nine days old aseptically grown seedlings

of cabbage were used as source of explant for plant

regeneration. Out of 36 combinations of growth regulators

used in MS medium, high frequency shoot regeneration

from cotyledon explant was obtained on MS medium

supplemented with 1.5 mg/l BAP and 0.50 mg/l NAA and

2 mg/l BAP and 0.25 mg/l IAA respectively. High per-

centage root regeneration (90 %) in in vitro developed

shoots were obtained on MS medium supplemented with

0.10 mg/l IBA. The regenerated complete plantlets were

transferred to pots containing a mixture of sand and soil

and acclimatized. A reproducible and efficient plant

regeneration protocol has been standardized in cabbage cv.

Pride of India.

Keywords Acclimatization � Cabbage � Cotyledon �
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Abbreviations

BAP N6-Benzylaminopurine

NAA Naphthalene acetic acid

IAA Indole-3-acetic acid

IBA Indole-3-butyric acid

MS Murashige and Skoog

Introduction

Cabbage (Brassica oleracea L. var. capitata) is one of the

most popular and widely grown cole crops in the world,

belonging to family Brassicaceae. This crop is a native of

Asia Minor. It is rich in minerals (phosphorus, potassium,

calcium and iron); protein and vitamin-C and is consumed in

various form like salad and boiled vegetable. Cabbage also

possesses many medicinal properties [1]. The ‘American

Cancer Society’ and ‘National Research Council’ have

recommended increasing the consumption of cabbage as a

means of decreasing the risk of certain types of cancer [2].

Cabbage is cultivated extensively in several parts of our

country including Himachal Pradesh. In Himachal Pradesh,

cabbage it is a major off season vegetable crop covering an

area 2,150 ha with an annual production of 28,663 kg/ha

(FAO Abstract, 2002), bulk of which is exported to the

markets located in plains. However, cabbage is severely

affected by the insect pests such as cabbage butterfly, dia-

mondback moth and cabbage semilooper. Being an eco-

nomically important crop, application of plant tissue culture

and genetic engineering in cabbage cultivation is of special

value to obtain improved or desirable traits like disease and

insect resistance in this vegetable crop.

Development of high frequency plant regeneration

protocol is a prerequisite to carry out genetic transforma-

tion studies. Plant regeneration studies have been carried in

cabbage using various explants such as cotyledons [3, 4],

hypocotyl [3, 5], leaf [6, 7], petiole [8, 9], protoplast [10,

11] and anther culture [12]. In the present investigation, we
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examined the high frequency shoot regeneration ability of

cotyledon and hypocotyls explants by using different

concentration of Kn ? IAA, Kn ? NAA, BAP ? IAA and

BAP ? NAA in MS medium. We are currently using this

plant regeneration system for the genetic transformation of

Cabbage by genetically engineered Agrobacterium tum-

efaciens strain containing insect resistance gene.

Materials and Methods

Plant Material and Culture Medium

The certified seeds of cabbage (B. oleracea var. capitata

cv. Pride of India) were procured from the Department of

vegetable crops, of our university. The seeds were surface

sterilized and then inoculated on the MS half strength basal

medium [13] containing 0.5 % sucrose for seed germina-

tion. Nine days old seedlings were used as a source of

explants (cotyledon and hypocotyl) for plant regeneration

studies. The explants were cultured on MS salt (macro and

micro), vitamins supplemented with 100 mg/l meso-inosi-

tol, 3 % sucrose and 0.8 % agar agar was also used as basal

medium in shoot regeneration experiments. Different

concentrations and combinations of cytokinins and auxins

[Kn–IAA, Kn–NAA, BAP–IAA, BAP–NAA] were used in

the MS basal medium for shoot regeneration studies. The

pH of the medium was adjusted to 5.8 before adding agar

agar. The medium was poured in culture vessels and ster-

ilized at 1.08 kg/cm2 for 15 min in an autoclave. All the

aseptic manipulations were carried out under laminar air

flow chamber.

Plant Regeneration from Cotyledon and Hypocotyl

Explants

To optimize the culture medium for high frequency shoot

regeneration, cotyledon (0.5–1.0 cm) and hypocotyls

(0.5–1 cm) explants were excised from 9 days old asepti-

cally grown seedlings. Both the explants were inoculated

on MS medium supplemented with various combinations

and concentrations of plant growth regulators such as Kn

and IAA, Kn and NAA, BAP and IAA, BAP and NAA

(mg/l), respectively. The explants were evaluated for

average number of shoots per explants. After inoculation,

the culture vessels were kept in the culture room at

26 ± 2 �C under 16 h photoperiod with cool fluorescent

lamps (40 mmol/m2/s) having 70–80 % humidity. The

regenerated shoots (2–3 cm), obtained from both the

explants were separated and individual shoot was trans-

ferred to the MS medium containing various concentrations

of different auxins IAA, NAA, IBA and 2,4-D for root

induction to get a complete plantlet. These were then

evaluated for percentage of root regeneration after 4 weeks

of culturing.

Hardening of Regenerated Plantlets

The regenerated plantlets were taken out of the tubes and

flasks carefully and the roots were washed gently under

running tap water to remove adhering medium. After

removal of the medium, the plantlets were kept in running

tap water for a few minutes so that they do not wilt after

transfer to soil. After sterilization of sand and soil, the pots

were filled half with soil and sand mixture in equal pro-

portion and half with sand. The plantlets with washed roots

were transferred to the pots. The root portion was placed

inside the soil and sand mixture gently and was covered

with sand. The plants were watered and covered with jam

jars to maintain high relative humidity. These were then

transferred to the culture room in which temperature and

light conditions were controlled. Water was sprayed twice

a day to maintain high relative humidity. After a week

when plants showed initial signs of establishment in pots

with appearance of new leaves, the jars were temporarily

removed daily for few hours. The plants were finally

transferred to earthen pots and were acclimatized further in

glass house. The percentage survival of the hardened plants

was recorded 5 weeks after transfer.

Data Analysis

Each treatment consisted of at least 30 explants and each

experiment was repeated thrice. The data recorded for the

different parameters were subjected to ‘‘Complete Ran-

domized Design’’. The statistical analysis based on mean

values per treatment was made using analysis of variance

of CRD.

Results and Discussion

The cotyledon segments on different medium expanded in

size after 3–4 days of inoculation. The colour of explants

changed from green to violet green. However, there was no

change in the colour of the medium. After 20 days in

culture, shoot buds started originating from the tissue

around the cut edges of cotyledon segments after little

callusing on different media, whereas, in case of hypo-

cotyls, the size of the hypocotyls explants increased after

about 1 week of inoculation. Callus formation was seen

round the cut ends of the explants. Shoot bud development

was seen after 15 days in culture from the explants. The

shoot elongation occurred on the same media.
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Shoot Regeneration from Cotyledon Explants

Effect of Kn and IAA on Shoot Regeneration

Different concentrations and combination of Kinetin and

IAA mg/l (in MS medium) were used for shoot induction

from cotyledon explants. Out of the nine combinations of

Kinetin and IAA tried, the maximum number (4.667) of

shoots per explants were found in MS medium supple-

mented with 1 mg/l Kn ? 0.25 mg/l IAA closely followed

by (4.334) MS medium containing 1 mg/l Kn ? 0.50 mg/l

IAA which were statistically at par with each other. MS

medium containing 1 mg/l Kn ? 0.75 mg/l IAA (1.334)

gave the least number of shoot (Table 1).

Effect of Kn and NAA on Adventitious Shoot Bud

Development

Nine different combinations of Kinetin and NAA were

used for shoot induction from cotyledon explants. The

maximum number of shoots per explants were found in MS

medium supplemented with 2 mg/l Kn ? 0.25 mg/l NAA

(4.000). The least performers were observed in MS med-

ium containing 1 mg/l Kn ? 0.50 mg/l NAA (1.334)

(Table 2; Fig. 1b).

Effect of BAP and IAA on Shoot Induction

BAP and IAA were used in different concentrations and

combinations in MS medium for shoot induction. High

frequency shoot regeneration (maximum average number

of shoots per explant) was found in MS medium containing

2 mg/l BAP ? 0.25 mg/l IAA (5.000) which was superior

to all other combinations under study with whereas MS

medium supplemented with 1 mg/l BAP ? 0.50 mg/l IAA

(1.000) gave the lowest shoot regeneration (Table 3;

Fig. 1a).

Effect of BAP and NAA on Adventitious Shoot Bud

Formation

Nine combination of BAP and NAA (mg/l) were used in

the MS medium for shoot induction and best results were

observed in MS medium containing 1.5 mg/l

BAP ? 0.50 mg/l NAA (5.334) which was statistically at

par with MS medium containing 2 mg/l BAP ? 0.25 mg/l

NAA. The lowest number of shoots were found in MS

medium containing 2 mg/l BAP ? 0.50 mg/l NAA and

MS medium ? 1 mg/l BAP ? 0.75 mg/l NAA (1.667).

These shoots were excised and further subcultured on root

regeneration media to obtain complete plantlets (Table 4).

Shoot Regeneration from Hypocotyls Explants

Effect of Kn and IAA on Adventitious Shoot Bud Formation

Different concentrations and combinations of Kn and IAA

(mg/l) were used in order to get high frequency shoot

regeneration from hypocotyls explants on MS medium

supplemented with 1.5 mg/l Kn ? 0.75 mg/l IAA (5.667)

was found to be the best for shoot induction from hypo-

cotyl explants followed by MS medium containing 2 mg/l

Kn ? 0.25 mg/l IAA (5.000) with non-significant differ-

ence. While in MS medium containing 2 mg/l

Kn ? 0.50 mg/l IAA (1.667) recorded the lowest number

of shoots with non-significant differences with (2.334) MS

medium ? 2 mg/l Kn ? 0.75 mg/l IAA (Table 1).

Effect of Kn and NAA on Shoot Regeneration

Nine different combinations of Kn and NAA (mg/l) were

used for shoot induction from hypocotyls explants. The

maximum number of shoots formed per explants were

recorded in MS medium containing 2 mg/l Kn ? 0.75 mg/l

NAA (5.000) followed by MS medium containing

Table 1 Effect of different

concentrations and various

combinations of Kn and IAA on

shoot regeneration from

cotyledon and hypocotyl

explants of cabbage (Brassica

oleracea L. var. capitata)

a Denotes highly significant

values

S. No Medium composition Average number of shoots

formed per explant

Cotyledon Hypocotyl

1. MS medium ? 1 mg/l Kn ? 0.25 mg/l IAA 4.667a 4.334

2. MS medium ? 1 mg/l Kn ? 0.50 mg/l IAA 4.334 4.000

3. MS medium ? 1 mg/l Kn ? 0.75 mg/l IAA 1.334 2.667

4. MS medium ? 1.5 mg/l Kn ? 0.25 mg/l IAA 2.667 5.000

5. MS medium ? 1.5 mg/l Kn ? 0.50 mg/l IAA 3.334 2.667

6. MS medium ? 1.5 mg/l Kn ? 0.75 mg/l IAA 3.667 5.667a

7. MS medium ? 2.0 mg/l Kn ? 0.25 mg/l IAA 2.000 4.334

8. MS medium ? 2.0 mg/l Kn ? 0.50 mg/l IAA 2.334 1.667

9. MS medium ? 2.0 mg/l Kn ? 0.75 mg/l IAA 1.667 2.334

LSD 0.0836 0.0731
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1.5 mg/l Kn ? 0.25 mg/l NAA and MS medium ? 2 mg/l

Kn ? 0.75 mg/l NAA while the poorest performers were

recorded in MS medium ? 1 mg/l Kn ? 0.50 mg/l NAA

and MS medium ? 1.5 mg/l Kn ? 0.50 mg/l NAA

(2.334) (Table 2; Fig. 1d).

Effect of BAP and IAA on Adventitious Shoot Bud

Formation

BAP and IAA were used in nine different combinations

and concentrations to get high frequency shoot bud for-

mation from hypocotyl explants. The MS medium sup-

plemented with 2 mg/l BAP ? 0.25 mg/l IAA (6.000) was

the best for shoot regeneration with non-significant dif-

ference with MS medium containing 2 mg/l

BAP ? 0.75 mg/l IAA (5.000) whereas MS basal medium

containing 1 mg/l BAP ? 0.50 mg/l IAA (1.000) was the

poorest of all (Table 3; Fig. 1c).

Effect of BAP and NAA on Shoot Induction

Nine different combinations and concentrations of BAP

and NAA were used for shoot regeneration from hypocotyl

explants. High frequency shoot regeneration (maximum

average number of shoots per explant) was found in MS

basal medium ? 1 mg/l BAP ? 0.50 mg/l NAA and MS

basal medium ? 2 mg/l BAP ? 0.25 mg/l NAA (4.667).

Culture media, MS basal ? 2 mg/l BAP ? 0.50 mg/l

NAA and MS basal ? 2 mg/l BAP ? 0.75 mg/l NAA

were the least performer (1.334) (Table 4).

Cotyledons from 9 days old seedlings, were almost fully

expanded and turned completely green whereas, hypocot-

yls were greenish in colour and turgid nature. The effect of

age of donor seedlings (source of explant) on shoot

induction from cotyledon, hypocotyl or leaf have also been

studied in different species [14–17] and in Brassica species

also [18–21]. Dong and Jia [22] have reported that shoot

differentiation frequencies of cotyledonary explants from

seedlings older than 7 days dropped sharply, while about

5 days old cotyledons were the most sensitive to shoot

induction. A possible explanation is that the young coty-

ledon and hypocotyl explants are physiologically and bio-

chemically more active and they have less rigid cell wall

and are easily affected by the environmental factors, such

as exogenous plant growth regulators. Two types of cyto-

kinins i.e. BAP and Kinetin were used in the present

studies, which were effective in shoot induction from

cotyledon and hypocotyls explants. In hypocotyls explants

the maximum average number of shoots per explants was

obtained from combination of BAP–IAA where as in cot-

yledon explants, the maximum average number of shoots

per explants was obtained from combination of BAP–

NAA. Guo et al. [23], has reported the effects of plant

growth regulators on shoot regeneration from cotyledon

and leaf segments of stem mustard (Brassica juncea var.

tsatsai), in which NAA in combination with various cyto-

kinins increased frequency of shoot regeneration. Arora

et al. [24] found that MS medium fortified BAP 1.0 mg/l

with IAA 0.1 mg/l in combination was best for shoot

regeneration. Similarly Rafat et al. [25] reported use of

1 mg/l BAP alone for the shoot regeneration. Similar result

was reported by Jin et al. [26] that BAP–NAA combination

showed best result in case of hypocotyls explants. The

results indicate that BAP in the medium enhanced the

average number of shoots per explants in case of cotyledon

explants whereas, Kinetin enhanced the number of shoots

from hypocotyls explants. The similar results were reported

by Yang et al. [27] in broccoli.

Root Regeneration from In Vitro Developed Shoots

Elongated shoots (about 2–3 cm in length) obtained from

the cotyledon and hypocotyl explants were excised and

cultured separately on MS medium supplemented with

Table 2 Effect of different

concentrations and

combinations of Kn and NAA

on shoot regeneration from

cotyledon and hypocotyl

explants of cabbage (Brassica

oleracea L. var. capitata)

a Denotes highly significant

values

S. No. Medium composition Average number of shoots

formed per explant

Cotyledon Hypocotyl

1. MS medium ? 1 mg/l Kn ? 0.25 mg/l NAA 2.000 2.667

2. MS medium ? 1 mg/l Kn ? 0.50 mg/l NAA 1.334 2.334

3. MS medium ? 1 mg/l Kn ? 0.75 mg/l NAA 2.500 3.000

4. MS medium ? 1.5 mg/l Kn ? 0.25 mg/l NAA 2.500 4.000

5. MS medium ? 1.5 mg/l Kn ? 0.50 mg/l NAA 3.000 2.334

6. MS medium ? 1.5 mg/l Kn 0.75 mg/l NAA 2.334 2.500

7. MS medium ? 2.0 mg/l Kn ? 0.25 mg/l NAA 4.000a 5.500a

8. MS medium ? 2.0 mg/l Kn ? 0.50 mg/l NAA 3.667 3.334

9. MS medium ? 2.0 mg/l Kn ? 0.75 mg/l NAA 3.000 4.000

LSD 0.1245 0.0845
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various concentration of different auxins i.e. IAA, IBA,

NAA and 2,4-D. The period for the induction of roots were

variable among various concentrations of different auxins

but it was generally after 9–10 days in culture in cotyledon

where as 7–8 days in culture in hypocotyls. When 2,4-D

was used in the medium, callus formation was observed at

Fig. 1 Plant regeneration from cotyledon and hypocotyl explants of

Cabbage (Brassica oleracea L. var. capitata cv. Pride of India).

a Regenerated shoots obtained from cotyledon explant on medium

supplemented with (MS ? 1.5 mg/l BAP ? 0.75 mg/l IAA).

b Shoots regeneration from cotyledon explants on medium supple-

mented with (MS ? 1.5 mg/l Kn ? 0.5 mg/l NAA). c Regenerated

shoots obtained from hypocotyl explants on medium supplemented

with (MS ? 2 mg/l BAP ? 0.25 mg/l IAA). d Shoots regeneration

from hypocotyl explants on medium supplemented with

(MS ? 1 mg/l Kn ? 0.25 mg/l NAA). e Root regeneration from

the in vitro developed shoot regenerated from cotyledon explants on

medium supplemented with (MS ? 0.10 mg/l IAA). f Root regener-

ation from the in vitro developed shoots regenerated from hypocotyl

explants on medium supplemented with (MS ? 0.05 mg/l NAA).

g Regenerated plantlets transferred to pots containing mixture of

sterilized sand and soil for hardening. h Growth of the regenerated

plant after about 20 days of its transfer in pot for hardening
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Table 5 Effect of various concentrations of different auxins on the percent root regeneration (shoots regenerated from cotyledon explants) of

cabbage (Brassica oleracea L. var. capitata)

S.No. Auxins 0.05 mg/l 0.10 mg/l 0.20 mg/l Overall mean

1. IBA 90.00 (71.95) 90.00 (71.95) 88.88 (70.52) 89.63 (71.35)

2. IAA 87.66 (69.44) 88.88 (70.52) 90.00 (71.75) 88.85 (70.64)

3. NAA 73.33 (58.91) 66.66 (54.73) 73.33 (58.91) 71.11 (57.52)

4. 2,4-D 58.33 (49.87) 60.00 (50.77) 66.66 (54.73) 61.66 (51.79)

LSD 1.1392

Values in the parentheses are arc sine transformed values

Table 6 Effect of various concentrations of different auxins on the percent root regeneration (shoots regenerated from hypocotyl explants) of

cabbage (Brassica oleracea L. var. capitata)

S.No. Auxins 0.05 mg/l 0.10 mg/l 0.20 mg/l Overall mean

1. IBA 81.88 (65.35) 90.00 (71.57) 90.90 (72.44) 87.57 (69.79)

2. IAA 90.00 (71.57) 88.88 (70.52) 90.00 (71.57) 89.63 (71.22)

3. NAA 80.00 (63.93) 83.33 (65.90) 87.50 (70.63) 83.61 (66.82)

4. 2,4-D 66.66 (54.73) 77.77 (61.87) 66.66 (54.73) 70.36 (57.11)

LSD 0.8658

Values in the parenthesis are arc sine transformed values

Table 3 Effect of different

concentrations and

combinations of BAP and IAA

on shoot regeneration from

cotyledon and hypocotyl

explants of cabbage (Brassica

oleracea L. var. capitata)

a Denotes highly significant

values

S. No. Medium composition Average number of shoots

formed per explant

Cotyledon Hypocotyl

1. MS medium ? 1 mg/l BAP ? 0.25 mg/l IAA 1.334 2.500

2. MS medium ? 1 mg/l BAP ? 0.50 mg/l IAA 1.000 1.000

3. MS medium ? 1 mg/l BAP ? 0.75 mg/l IAA 2.000 2.500

4. MS medium ? 1.5 mg/l BAP ? 0.25 mg/l IAA 1.500 3.000

5. MS medium ? 1.5 mg/l BAP ? 0.50 mg/l IAA 1.334 1.667

6. MS medium ? 1.5 mg/l BAP ? 0.75 mg/l IAA 2.334 2.500

7. MS medium ? 2.0 mg/l BAP ? 0.25 mg/l IAA 5.000a 6.000a

8. MS medium ? 2.0 mg/l BAP ? 0.50 mg/l IAA 4.000 4.334

9. MS medium ? 2.0 mg/l BAP ? 0.75 mg/l IAA 4.000 5.000

LSD 0.1068 0.0408

Table 4 Effect of different

concentrations and

combinations of BAP and NAA

on shoot regeneration from

cotyledon and hypocotyl

explants of cabbage (Brassica

oleracea L. var. capitata)

a Denotes highly significant

values

S. No. Medium composition Average number of shoots

formed per explant

Cotyledon Hypocotyl

1. MS medium ? 1 mg/l BAP ? 0.25 mg/l NAA 2.667 3.000

2. MS medium ? 1 mg/l BAP ? 0.50 mg/l NAA 3.334 4.667a

3. MS medium ? 1 mg/l BAP ? 0.75 mg/l NAA 1.667 2.667

4. MS medium ? 1.5 mg/l BAP ? 0.25 mg/l NAA 3.334 3.334

5. MS medium ? 1.5 mg/l BAP ? 0.50 mg/l NAA 5.334a 4.000

6. MS medium ? 1.5 mg/l BAP ? 0.75 mg/l NAA 2.334 3.667

7. MS medium ? 2.0 mg/l BAP ? 0.25 mg/l NAA 3.667 4.667

8. MS medium ? 2.0 mg/l BAP ? 0.50 mg/l NAA 1.667 1.334

9. MS medium ? 2.0 mg/l BAP ? 0.75 mg/l NAA 2.667 1.334

LSD 0.0163 0.0161
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the base of shoots in both cases. Shoots continued to grow

after root regeneration and formed new leaves. It was clear

from the data that the growth regulator IBA resulted in

highest percentage of root regeneration (89.63 %) which

was statistically at par with IAA (88.85 %) in cotyledon.

Whereas in hypocotyl the highest percentage roots regen-

eration observed in IAA (89.63 %) which was statistically

at par with IBA (87.57 %) and NAA (83.61 %). In coty-

ledon, NAA and 2,4-D were comparatively less effective in

percentage root formation with values (71.11%) and

(61.66%) whereas, in case of hypocotyl 2,4-D was the less

effective (70.36 %) as it resulted in callusing at the base of

the shoots. (Tables 5, 6; Fig. 1e, f). Bhalla and Weerd [28]

used 0.2 mg/l IBA and obtained maximum rooting and

Sretenovic et al. [29] used 4.0 mg/dm3 IBA for root

regeneration from in vitro developed shoots. The concen-

tration of different cytokinins and auxins in combination or

alone required for shoot regeneration and root regeneration

varies with the type of explants or cultivar used [30–37].

Hardening of Regenerated Plantlets of Cabbage

After proper in vitro development, the plantlets were taken

out of the culture tubes and transferred to the pots fot

hardening. Acclimatized plants were obtained after

5–6 weeks of transfer to the plastic pots with 70 % survival

(Fig. 1g, h).

The primary aim of our work to develop reliable and

high frequency plant regeneration protocol for the intro-

duction of a desirable gene, in cabbage, was successfully

achieved. These results clearly suggest that high frequency

plant regeneration was possible in the cultivar ‘‘Pride of

India’’ (cabbage) and it can be favourably exploited for

genetic engineering purposes. The regenerated plantlets

were transferred to pots containing a mixture of sand and

soil for hardening. The acclimatized plantlets were

obtained within 2–3 months.
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