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Abstract

The present work is based on developing a protocol for the callus induction, shoot and

root bud multiplication in cotton, Gossypium hirsutum L. from the shoot explant. The

sterilized explant was inoculated in MS-medium containing various combination of

auxin such as naphthalene acetic acid (NAA) and cytokinins such as kinetin and 6

penzyl amino purine (BAP). High frequency of callus induction was found in MS

media with the combination BAP (0.5 mg/l) and NAA (1.5 mg/l) which was followed

by BAP (0.5 mg/l) and IAA (1.5 mg/l). The highest frequency of shoot bud

regeneration (57.2%) was observed on MS basal medium containing KIN (0.5 mg/l)

and IAA (2.0 mg/l). The highest mean number of shoot bud multiplication was

observed on MS medium with KIN (3.0 mg/l) and IAA (0.5 mg/l). The highest mean

number of shoot bud multiplication was observed on MS medium with KIN (3.0 mg/l)

and IAA (0.5 mg/l). The highest frequency of rooting was observed on MS medium

containing 0.3 mg/l of IBA and 0.05 mg/l KIN. The protocol developed here can be

used for genetic transformation experiments of Indian Cotton cultivars.

Keywords: Hormones, callus, shoot, root, Gossypium herbaceum and Gossypium

hirsutum

Introduction

Cotton is an important economic and fiber crop, grown in 70 countries in the world.

Over 180 million people are associated with the fiber industry that produces 20 to 30

billion dollars worth of raw cotton. Both diploid (Gossypium herbaceum) and tetraploid
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(Gossypium hirsutum) cultivars are cultivated in different regions of Iran and are

considered as important crop plants of the country. Over 100 years ago, Haberlandt

envisioned the concept of plant tissue culture for the cultivation of plant tissues and

organs. Plant tissue culture is now a well established technology. Around the mid of

twentieth century, there is a notion that plants could be regenerated or multiplied from

either callus or organ culture through either micropropagation or clonal propagation.

Cotton regeneration was first observed in Gossypium hirsutum cv. Coker (Davidonis

and Hamilton 1983). Regenerated plants have been obtained from explants such as

hypocotyl, cotyledon, root, and anther and from various cotton species (Ozyigit et al.,

2007). In vitro plant regeneration from cells, tissues and organ cultures is a prerequisite

for the application of plant biotechnology to plant propagation (Kehie et al., 2011). The

present study was undertaken to standardize the hormones for the induction of callus,

shoot and root of cotton, Gossypium hirsutum by in vitro culture.

Materials and Methods

The experimental material Gossypium hirsutum obtained from Transgene Institute for

Biotechnology and Bioinformatics, Trichy, Tamil Nadu, South India. The seeds were

sterilized with 0.1 (w/v) aqueous Mercuric chloride (HgCl2) solution for 5 minutes

followed by washing with distilled water and then transferred to hormone and vitamin

B5 added MS medium in test tubes to germinate. The seedlings were grown at 24±2 ºC

with 55% relative humidity under 16h photoperiod provided by white fluorescent tubes.

Nine day old seedlings were selected as source of explants. Shoot tips and node from in

vitro seedlings or regenerated shoots were excised and cultured on a nutrient medium

for callus induction.

Callus induction

Different seedling explants were cultured on Ms medium containing, 3% (w/v) sucrose

and 0.8% (w/v) agar-agar at various concentrations of NAA (0.5, 1.0 and 1.5 mg/l) and

IBA (0.5, 1.0 and 1.5 mg/l) in combination with BAP (0.5 mg/l) for callus induction.

The effect of hormones on callus induction was studied.

Shoot bud regeneration and shoot multiplication

Calli were transferred to regeneration medium containing MS-basal medium, 3% (w/v)

sucrose, 0.8% (w/v) agar-agar and 0.1 mg activated charcoal at different concentrations
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of NAA (0.1, 0.5, 1.0 and 2.0 mg/l), IBA (0.1, 0.5, 1.0 and 2.0 mg/l) and IAA (0.1, 0.5,

1.0 and 2.0 mg/l) in combinations with KIN (0.05 mg/l) for shoot initiation. Shoot bud

regeneration and differentiation of shoot bud could be observed for 20-26 days. The

shoot buds were sub-cultured on shoot bud multiplication medium containing various

concentration of BAP and KIN (1, 2 and 3 mg/l) in combination with IAA (0.5 mg/l)

for further growth and multiple shoot bud formation.

Root induction

Larger shoot buds were excised and transformed to MS basal medium containing 3%

(w/v) agar at different concentration of IBA (0.1, 0.2 and 0.3 mg/l) and IAA (0.1, 0.2

and 0.3 mg/l) in combination with KIN (0.05 mg/l) for root initiation. Rooting could be

observed after 15-18 days.

Results and Discussion

From the above mentioned methods, the highest frequency of callus induction was

observed on MS medium containing 1.5 mg/l NAA and 0.5mg/l BAP combination

which was followed by BAP (0.5 mg/l) and IAA (1.5 mg/l). Callus initiation from

hypocotyls explants varied from 45.8-72.3% in cotton (Table 1). Highest percentage of

callus induction from shoot tips of Cassia obtusifolia L. was reported by using a

combination of 2, 4 D and kinetin (Hasan et al.,2008). Earlier workers reported the use

of very high concentration of BAP for maximal shoot proliferation from shoot tip

explants of capsicum (Christopher and Rajam 1994; Sanatombi and Sharma 2008). The

highest frequency of shoot bud regeneration (57.2%) was observed on MS basal

medium containing KIN (0.5 mg/l) and IAA (2.0 mg/l) which was followed by KIN

(0.5 mg/l) and IAA (1.0 mg/l) (Table 2). The highest mean number of shoot bud

multiplication (18.7) was observed on MS medium with KIN (3.0 mg/l) and IAA (0.5

mg/l) (Table 3). IAA was successfully employed for rooting in C. chinense (Sanatombi

and Sharma 2008) and it was more effective root induction as compared to NAA

(Kehie et al.,2011).

In cotton tissue cultures, rooting problems are also one of the major problems and many

scientists applied different methods to solve this problem (Ouma et al.,2004; Ozyigit et

al.,2007). However, results of rooting success in many literatures are unclear and there

are less data on rooting. In this study, the highest frequency of rooting was observed on
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MS medium containing 0.3 mg/l of IBA and 0.05 mg/l KIN (Table 4). The percentage

of rooting increased with increase in the concentration of auxin. IBA induced

maximum frequency of rooting. The effect of single growth hormone was in which the

best development of shoots was observed on MS containing 0.3 mg/l BA in cotton

(Gossypium hirsutum L. cv. Stoneville 7A) (Hemphil et al., 1998). The rooting by

culturing isolated shoots on MS basal salts supplemented with NAA in cotton

(Gossypium hirsutum L. cv. Khandwa-2) (Gupta et al.,1997).

Different hormonal combinations of auxin (2,4-D) and cytokinin (KT) at varying

concentrations have been previously tested in basal MS medium (Kumria et al., 2003;

Leelavathi et al., 2004; Rajasekaran et al., 2000; Trolinder and Goodin 1987). Inclusion

of an auxin and cytokinin will be necessary for callus growth (Wani et al., 2010). The

combination of auxins and cytokinins at definite proportions are very critical and found

to be essential for the induction of shoot and root in many species (George et al.,1987;

Lazzeri and Dunwell 1986; Ono et al., 1994; Reddy and Bahadur 1989; Shankar and

Ram 1990). The effects of auxins on root induction in in vitro regenerated chili

plantlets have been reported (Agrawal et al.,1989; Christopher and Rajam 1996).

Effect of types of cytokinin used for in vitro shoot proliferation on the subsequent

rooting of shoots was studied and found that shoots of Eucalyptus from the

multiplication medium containing Kn produced more roots and remained healthy for a

longer period on the rooting medium as compared to shoots taken from multiplication

medium containing BAP (Bennett et al.,1994). Effective in vitro callus mass production

can be beneficial for high yield of secondary metabolites and optimization of alkaloid

production. The methods used for in vitro regeneration and rooting can be applied to

increase the efficiency of transformation protocols using shoot and nod as explants

source.
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Table 1. Effect of different concentrations of NAA, IAA, IBA in combination
with 0.5 mg/l BAP on callus induction frequency in Gossypium hirsutum (             )

MS medium + Hormone

mg/l

Callus induction
frequency

NAA BAP Callus

0.1 0.5 45.8±1.8

0.5 0.5 52.2±0.7

1.0 0.5 63.1±1.2

1.5 0.5 72.3±0.8

IAA BAP

0.1 0.5 35.6±1.2

0.5 0.5 42.8±0.9

1.0 0.5 58.9±1.2

1.5 0.5 67.1±1.2

IBA BAP

0.1 0.5 42.2±0.8

0.5 0.5 51.3±1.3

1.0 0.5 59.2±0.9

1.5 0.5 62.1±0.2

X ± SD
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Table 2. Effect of different concentrations of NAA, IBA and IAA in combination
with 0.5 mg/l KIN on shoot bud differentiation in Gossypium hirsutum (             )

MS medium + Hormone

mg/l

Shoot bud differentiation
frequency

NAA KIN Immature leaf

0.1 0.5 32.7±1.7

0.5 0.5 38.2±1.3

1.0 0.5 41.3±0.9

2.0 0.5 48.2±1.3

IBA KIN

0.1 0.5 33.5±1.4

0.5 0.5 36.4±1.5

1.0 0.5 42.3±0.8

2.0 0.5 48.4±1.3

IAA KIN

0.1 0.5 33.3±1.3

0.5 0.5 41.4±1.9

1.0 0.5 52.3±2.1

2.0 0.5 57.2±1.8

X ± SD
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Table 3. Frequency of shoot bud induction on MS basal medium supplemented with

difference of BAP and Kin in combination with 0.5 mg of IAA in Gossypium hirsutum

(              )

MS medium + hormones

mg/l

Shoot induction frequency

BAP + IAA Immature leaf

1.0 0.5 3.8±0.1

2.0 0.5 6.9±0.2

3.0 0.5 10.8±1.2

KIN IAA

1.0 0.5 5.9±0.1

2.0 0.5 11.1±1.2

3.0 0.5 18.7±0.6

Table 4. Effect of different concentration of IAA, IBA along with 0.05 mg/l kin
on the root induction from regenerated shoots in Gossypium hirsutum (             )

MS medium + hormones

mg/l

Root induction frequency

BAP + KIN Immature root

0.1 0.05 1.8±0.9

0.2 0.05 9.3±1.3

0.3 0.05 10.2±1.2

IBA KIN

0.1 0.05 3.8±1.2

0.2 0.05 7.3±1.7

0.3 0.05 8.2 ±1.3

X ± SD

X ± SD
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