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Abstract

A high efficiency shoot organogenesis from callus cultures
and plant establishment protocol has been developed for
cotton (Gossypium hirsutum L. cv SVPR-2) through shoot
tip. After 6 weeks of culture, green-compact-nodular
organogenic callus induction was observed on the medium
fortified with (MS) basal salts, B5 vitamins, 2.0 mgl- of ben-
zylaminopurine (BAP), 1.0 mgl-1 kinetin (KN), 30 gl-1 glucose
and 8 gl agar. The highest rate of shoot proliferation was
achieved at 12th week and 8.6 shoots were produced per
callus clump. Among the different concentrations tested
media fortified with MS salts, B5 vitamins, 2 isopentynyl ade-
nine (2-iP) (1.5 mgl1), gibberellic acid (GA3) (0.6 mgl1), glu-
tamine (25 mgl-l) and glucose (30 gl'l) showed best
response for multiple shoot proliferation from the induced
callus. All the in vitro regenerated shoots were rooted on the
medium fortified with MS salts, B5 vitamins, 30 gl-1 sucrose,
8 gl'l agar and 1.5 mgl'! of indole butyric acid (IBA). The
regenerated plantlets, with tertiary roots are considered as
matured plantlets and they were hardened on paper pots
containing sand, soil and vermiculite in 1:1:1 ratio. The hard-
ened plants showed 85% survival rate and showed parental
phenotypic characters.
Keywords: Basal callus;
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INTRODUCTION

Plant Biotechnology offers new technologies for sus-
tainable development and utilization of natural
resources. Plant cell, tissue culture and genetic engi-
neering of plants have contributed significantly to crop
improvement and production of high quality planting
material. Among the economically important crops,
cotton (Gossypium hirsutum L.) is a well-known fiber
crop, particularly important in textile industry and also
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cultivated for its seed-oil. Among the cotton producing
countries, India ranks first in cultivation, making 32%
of the world's total area followed by USA (23%) and
China (20%) and it has been estimated that 180 million
people depend on cotton production (Benedict and
Altman, 2001). Cotton genetic engineering play an
vital role to improve the quality as well as quantity of
fiber by means of producing plants resistant to insect,
herbicide, fungi, bacteria and nematode through genet-
ic engineering.

Price and Smith (1979) first reported cotton
(Gossypium klotzschianum Anders.) somatic embryo-
genesis, but were unable to regenerate from somatic
embryos. Later, Davidonis and Hamilton (1983)
reported complete plant regeneration from the somatic
embryos of Gossypium hirsutum L. cv Coker310. To
date, only few reports of high frequency regeneration
in cotton somatic embryos are available due to a geno-
type dependent response (Ganesan and Jayabalan,
2004). In the same way cotton shoot organogenesis
through callus induction has its own difficulties
including the excretion of secondary metabolites from
the explants into the medium, browning of callus after
a short period of culture, a low frequency of
organogenic callus formation, and very slow response
for shoot proliferation from the selected organogenic
callus cultures. Due to these unavoidable difficulties,
cotton plant regeneration through organogenic callus
culturesis still a problem. Hence, this experiment was
undertaken for the production of a good regenerative
and reproducible protocol for cotton organogenesis
through shoot tip explants.

MATERIALSAND METHODS

Collection of plant materials and aseptic culture of
seedlings: Delinted cotton seeds cv. SVPR2 were col-
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|lected from the Cotton Research Institute, Tamil Nadu
Agricultural University, Srivilliputhur, Tamil Nadu,
India. For surface sterilization, the seeds were wrapped
in several layers of cheesecloth and placed in running
tap water for 30 min to remove surface particles. The
seeds were then surface-sterilized in 70% ethanol for
10 min and kept in 0.1% mercuric chloride for anoth-
er 20 min under aseptic conditions. The surface-steril-
ized seeds were inoculated onto seed germination
medium. The surface-sterilized seeds were cultured on
MS medium (Murashige and Skoog, 1962) containing
0.1-1.0 mgl-1 benzylaminopurine (BAP), 0.02-0.4
mgl-1 gibberellic acid (GA3), 30 gl-1 sucrose and 0.8
gl-l agar (Ganesan and Jayabalan, 2004, 2005).
Initially the cultures were maintained in dark condition
for 48h at 25 + 2°C and then under 16h light and 8h
dark photoperiod condition with the light intensity of
3000 lux.

Initiation, proliferation and selection of
organogenic callus: In this study shoot tip explants
(0.5-0.7 cm in length) were aseptically dissected from
5-7 day old seedlings and placed verticaly in callus
initiation medium which contained MS salts
(Murashige and Skoog, 1962), B5 vitamins (Gamborg
et al., 1968), BAP (1.0-5.0 mgl-1), KN (0.5 to 2.5
mgl-1), glucose (30 gl-1) and 0.8 % agar (pH 5.8). For
callus induction the test tubes (22 x 5 cm Brorosil,
India) were used. After media preparation and pH
measurement, agar (8 gl-1) was added slowly and the
medium was distributed to the test tubes (about 15
ml/test tube) plugged with non-absorbent cotton
wrapped in one layer of cheese cloth. After plugging
with cotton, the containers were autoclaved at 12°C for
15 min with 15 Ib pressure.

After 3 weeks of culture, a mass of cali were
formed from the base of the shoot tip explants. From
the obtained mass, some callus portions were
organogenic in nature. The organogenic nature of the
callus was identified by the presence of green colour
with compact texture (Rugini and Muganu, 1998). The
organogenic portions were isolated and subcultured in
the same medium. Whitish green, brown, watery
brown and black colored non-organogenic callus were
also observed and they were not selected and discard-
ed for further studies due to nil response. The selected
organogenic callus was weekly subcultured for four
more weeks for the induction of matured green com-
pact organogenic callus. For callus induction maxi-
mum of 85 explants were tested and each experiment
was repeated three times with 6 replicates.

Adventitious shoot proliferation: After the induction
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of calli the shoot tip explants were removed and then
the calli were allowed for shoot proliferation studies.
Fresh organogenic callus (250 mg) were transferred to
200 ml narrow bottles (Borosil, India) containing 25
ml of shoot initiation medium. Then the cultures were
subcultured for another 2 months for the initiation of
shoots. During each subculture dead and dark brown
cells were removed. To avoid the whole callus tissues
become necrotic and become dead. The plant growth
regulatorslike, BAP (0.2-2.0 mgl-1) and 2 isopentynyl
adenine (2-iP, 0.2-2.0 mgl-1) were tested individually
and the combined effect of BAP + GA3(0.2-1.0 mgl-1)
and 2-iP + GA3 (0.2-1.0 mgl-1) were aso tested for
enhanced proliferation of shoots along with the medi-
um consisting of MS salts, B5 vitamins, glucose 30
gl-1, and 0.8 % agar (pH 5.75). The influence of differ-
ent amino acids such as, proline, serine, glutamine and
alanine in varying concentrations (5-50 mgl-1) were
tested for the enhanced production of shoots from the
obtained organogenic calus. During shoot prolifera-
tion from callus cultures maximum of 80 callus cul-
tures were tested and each experiment was repeated for
3 times with 6 replicates.

Effect of carbon source and amino acids on shoot
proliferation frequency: In this study, the effect of
widely used 4 different carbon sources with varying
concentrations (10-40 mgl-1) of sucrose, glucose, fruc-
tose and maltose were tested for organogenic callus
induction and multiple shoot proliferation from the
induced callus. Likewise, the influence of different
amino acids like alanine, glutamine, proline and serine
were tested in different concentrations (5-50 mgl-1) for
increased multiple shoot production from the obtained
callus. The impacts of carbon source as well as amino
acids were measured on each step of cotton organo-
genesis. Here also during shoot proliferation from cal-
lus cultures maximum of 80 callus cultures were test-
ed and each experiment was repeated for 3 times with
6 replicates.

Root induction and hardening: Root induction from
the elongated shoots were obtained from the medium
fortified with MS salts (full strength), B5 vitamins,
indole butyric acid (IBA) (0.1-3.0 mgl-1), glucose 30
gl-1 and agar (0.8 %). After 4 weeks maintenance, the
regenerated plantlets with tertiary roots (35-40 days
after root induction) the regenerated plants were trans-
ferred to plastic pots containing sand, soil and vermic-
ulate in 1:1:1 ratio for hardening in the green house
condition. The hardened plants were completely cov-
ered with plastic bags for 2 weeks to maintain the
humidity and it was progressively removed to adapt
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normal environmental condition. The survival percent-
age of al the hardened plants was recorded regularly.
The selected regenerated plants, adapted to normal
environmental condition, were transferred to earthen
pots for further growth and devel opment.

Satistical analysis. Means and standard errors were
used throughout the study and the values were
assessed using a parametric Moods median test
(Snedecor and Cochran, 1989). The data were ana
lyzed for variance by Duncan’s multiple range test
(DMRT) using the SAS programme (SAS Institute,
Cary, N.C.).

RESULTS

Induction of organogenic callus: The surface steril-
ized seeds exhibited 95 % of germination after 10 days
of inoculation on the medium supplemented with MS
basal salts, B5 vitamins BAP (0.5 mgl-1) and KN (0.2
mgl-1). Explants were collected from 5to 10 day old in

vitro grown seedlings. Among them, 7-day-old
explants showed good response because they produced
young shoot apices with two to three leaf primordia
favoring in vitro callus induction of multiple shoot
apices. More number of leaf primordia and more
length of explants also affect the callus initiation and
regeneration potential. Five days after inoculation, cal-
lusing response of explants was observed besides the
hormonal effects on callus induction. From the differ-
ent concentrations of BAP, KN and combined effect of
BAP and KN tested, combination of BAP (2.0 mgl-1)
and KN (1.0 mgl-1) showed maximum response and it
also produced maximum amount of organogenic callus
(nodular green compact calus) on the medium forti-
fied with MS salts, B5 vitamins, 30 gl-1 glucose and 8
ol-1 agar (Fig. 1) (Table 1). Individual treatment of
BAP and KN in al the concentrations showed poor
response for organogenic callus induction. Instead of
organogenic callus, formation of callus with variation
in colour and texture was noticed. During individual
supplementation of BAP and KN, yellowish friable,
yellowish green compact, yellowish green friable and

Figure 1. Plant regeneration from the shoot tip derived callus cultures of Cotton (Gossypium hirsutum
L.). a) 4 weeks old shoot tip derived organogenic callus Bar = 1 cm; b) Induction of multiple shoots from
12 weeks old callus Bar = 1 cm; c) Elongated multiple shoots on multiple shoot initiation medium Bar =
1.5 cm; d) Root induction from the elongated shoots after 20 (bar = 1 cm); e) 40 days old fully regener-
ated plantlet with well developed shoot and root system Bar = 2.5 cm; f) 20 days old hardened plants
grown in plastic pots Bar = 6 cm; g) 35 days old plantlet on earthen pot before flowering Bar = 10 cm.
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Table 1. Individual and combined effect of BAP and KN on organogenic callus of
_shoot tip explants on MS medium supplemented with B5 medium vitamins.

Growth Regulators (mgl™)

Organogenic callus

Typeand mature 00 rities

BAP KN Formation (%) of callus
05 345 ef YF
1.0 392 de YGF
2.0 41.6d YGC +
3.0 332e YGF +
4.0 292¢ YC .
5.0 24.5fg BYC ++
0.5 13.71 GF o
1.0 17.5h GYF +
1.5 225¢g GF +
20 19.5 gh GF +
25 15.5 hi GF +
2.0 0.5 72.5be GC
2.0 1.0 812a GCN
2.0 1’5 743b GC
20 20 70.1¢ GC

YF: Yellowish Friable, YGF: Yellowish Green Friable, YGC: yellowish Green compact, YC:
Yellowish Compact, BYC: Brownish Yellow Compact, GF: Greenish Friable, GYF: Greenish Yellow
Friable, GC: Green Compact, GCN: Green Compact Nodular. Number of explants tested: 85,
Values are mean * SE of three repeated experiments. Each treatment consisted of 6 replicates.
Means within a row followed by the same letters are not significant at P=0.05 according to DMRT.

yellow compact calli were induced from the explants.
Further experiments on the above calli, we observed
that they are non organogenic in nature.

Shoot proliferation from the callus: High percentage
of shoot proliferation was achieved by the weekly sub-
culture of organogenic callus on the medium fortified
with MSsalts, B5 vitamins, 2-iP (1.5 mgl-1), GA; (0.6
mgl-1), glucose 30 gl-1 and agar (8.0 gl-1). After one
month, maximum of 4.2 shoots were successfully
regenerated from the callus (Fig. 1b). In the case of
BAPand GA ; combination, the percentage of response
and number of shoots produced per callus cultures are
very low (2.8 £ 0.21 shoots/callus) when compared
with 2-iP and GA; combination (Table 2) In this pres-
ent investigation, we confirmed that addition of 2-iP
aso favors shoot organogenesis from the callus cul-
tures of cotton. During multiple shoot proliferation,
effects of different concentrations of carbon sources
were tested with varying concentrations. Among them
glucose 30 g/l showed best response and maximum of
4.2 shoots were initiated in this concentrations. In the
other concentrations and forms of carbon sources test-
ed reduced percentage of multiple shoot induction fre-
guency was observed (Fig. 2). At the sametime, severe
browning of callus was noticed in other concentration
of sucrose, fructose and maltose tested. The influence
of various amino acids like alanine, glutamine, proline
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and serine were also evaluated for the multiple shoot
initiation from the obtained callus. All the four amino
acids showed enhanced activity on multiple shoot
induction. Among the four amino acids tested, 25
mgl-1 glutamine showed best response for multiple
shoot proliferation and maximum of 8.6 shoots/callus
clump were regenerated (Fig. 3). This results proved
that addition of amino acids particularly glutamine
(25.0 mgl-1) is necessary for the enhanced multiple
shoot induction frequency of cotton (Fig. 1c).

Root induction and hardening: Root induction was
achieved within 7 days of culture. IBA aone was
effective for induction of roots. In the present study
IBA (1.5 mgl-1) was effective for induction of roots. In
this concentration, the roots reached maximum length
of 245 £ 0.95 cm within three weeks of culture
(Fig. 1d and e, Table 3). To our knowledge, thisisthe
first report for indirect organogenesis of cotton
through shoot apices. The increased root length leads
to increase in the survival percentage of hardened and
field grown plants. For hardening process sand, soil
and vermiculated soil wereused in 1:1:1 ratio (Fig. 1f).
After proper acclimatization the hardened plants were
transferred to earthen pots for boll yielding and bolls
were produced after 2 months of proper irrigation

(Fig. 19).
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Table 2. Effect of BAP and 2-iP and combination of BAP and 2-iP
with GA3 on regeneration of shoot buds from immature leaf derived
organogenic callus cultured on the medium fortified with MS salts
and B5 vitamins.

Growth Number
regulators (mgl™) Risponss (%) of shoots
BAP
0.2 225+1.24d 1.3+£0.20d
0.4 256+ 1.54¢ 1.6 +0.15 be
0.8 382+ 1.22ab 1.8+0.12 ab
1.0 426+1.11a 1.9+0.14a
1.2 31.5+0.85b 1.7+0.12b
1.5 253+ 1.85¢cd 1.7+£0.15b
1.8 145+ 096 ¢ 1.5+0.18¢
2.0 7.5+0.90 f 1.5+021¢
2-Ip
0.2 21.5+1.85h 1.4+0.25fg
0.4 253+196¢g 1.9+0.56 ¢
0.8 358+ 1.75f 2.1+032d
1.0 495+3.15¢ 224025¢
1.2 67.8+2.85¢ 25+028b
1.5 82.5+392a 29+034a
1.8 70.5+245b 22+024¢
2.0 55.6+2.24d 1.5+022f
BAP + GA;
1.0+0.2 42.5+325d 2.14025d
1.0+0.4 485+285¢ 23+021¢
1.0+ 0.6 53.5+3.14a 28+021a
1.0+0.8 522+2.18b 24+0.15b
1.0+ 1.0 40.2 +3.45 de 09+0.11¢
2-iP + GA;
1.5+02 72.5+3.65d 3.0£0.15¢
1.5+04 79.5 £ 4.25 be 3.4+0.25be
1.5+0.6 86.4+3.80a 42+086a
1.5+0.8 80.2+2.85b 3.6+0.55b
1.5+ 1.0 752+4250¢ 2.7+045d

Number of callus cultures tested-85. Values are mean SE of three repeated
experiments. Each treatment consisted of 6 replicates. Means within a row fol-
lowed by the same letters are not significant at P=0.05 according to DMRT.

Number of shoots per callus

DISCUSSION

Induction of contamination free seedlings is an impor-
tant processin plant tissue culture, because throughout
the study, the surface sterilized seeds and seedlings
derived plant parts were used as explants. To enable
seeds to germinate, moistened cotton or filter papers
were used either in test tubes or in petri plates
(Davidonis and Hamilton, 1983; Trolinder and
Goodin, 1998) besides M'S medium without phytohor-
mones (Agrawal et al., 1997) was also used for seed
germination. Regarding callus induction, similar to
our results, in Melia azedarach, organogenic callus
cultures were initiated by using combination of BAP
(4.4 uM) and KN (0.46 uM) and successful regenera-
tion of plantlets was obtained by using the callus cul-
tures (Vilaet al., 2003). Usually a combination of high
amount auxin [2, 4-Dichlorophenoxyacetic (2,4-D) or
Naphthaleneacetic acid (NAA)] with low amount
cytokinin (BAP or KN) was widely used for the initia-
tion of organogenic callus (Caboni et al., 2000; Rugini
and Muganu, 1998) and some times cytokinins alone
(BAP or KN) was also used for the induction of
organogenic callus (Yam et al., 1990). Our experi-
ments proved that combined effect of BAP and KN
showed best response for organogenic callus induc-
tion. During organogenic calus formation, different
types of calli with variation in colour and texture were
noticed and among them, the compact green calli
responded well for the induction of shoots. Individual
effect of different concentrations of BAP and KN were
also tested for the induction of organogenic callus,
unfortunately, in these concentrations, abnormalities
like, induction of roots, bulging of explants and necro-

| '@ Sucrose

| O CGlucose

| @ Fructose
| Maltose

20

25

35 40

Concentrations of different carbon soruces

Figure 2. Effect of different carbon sources on shoot proliferation from the shoot tip derived callus of cotton.
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Figure 3. Effect of various concentration of alanine, glutamine, proline and serine (mgl-1) on number of shoots induction
per callus clump cultured on the medium fortified with MS salts, B5 vitamins, 2-iP (1.5 mgl-1) and GA; (0.6 mgl-1).

sisof tissueswere clearly observed. Itisalso observed
that BAP or KN applied alone, induced waste brown-
ish friable callus from shoot tip explants. Recently in
Holostemma adakodien, basal callus obtained from
shoot tip and nodal explants was used for the indirect
plant regeneration and maximum of 15 shoots were
regenerated through basal callus by using BAP (2.0
mgl-1) on MS medium (Martin, 2002). In the same way
organogenic calli and plantlet were obtained from the
shoot tip of apple (Malus domestica) (Caboni et al.,
2000) by the combination of BA and NAA. In contra-
diction to our results, Sudha et al. (1998) observed
very low percentage of callus induction and shoot ini-
tiation from shoot tips and nodal explants of
Holostemma indica. The excretion of phenolic com-
pounds from explants to the medium was strictly
avoided by regular sub-culturing of callus without
using any additives.

In our present investigation, 2-iP showed enhanced
plantlet proliferation from the callus cultures. Our pre-
vious experiments proved that somatic embryogenesis
of cotton was accelerated by the addition of 2-iPas one
of PGR (Ganesan and Jayabalan, 2004, 2005). In this
present investigation, we confirmed that addition of 2-
iP also favors shoot organogenesis from the callus cul-
tures of cotton. Similar to this result, shoot multiplica
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tion and regeneration was efficiently achieved by 2-iP
(0.17 uM) from the callus derived rhizomes of
Cymbidium ensifolium (Chang and Chang, 2000). In
Fraxinus angustifolia and Carica papaya also 2-iP
showed a vital role in the shoot organogenesis from
different explant derived callus (Tonon et al., 2001;
Khatoon and Sultana, 1994). Usually, BAP or KN was
widely used for multiple shoot initiation from the cal-
[us cultures (Martin, 2002). During multiple shoot pro-
liferation, addition of sucrose (carbon sources) showed
enhanced response for multiple shoot proliferation.
Similar to our report, in Coyylus avellana glucose-
mediated shoot multiplication was effectively
achieved and maximum of 3-4 shoots were regenerat-
ed (Yu and Reed, 1993). Apart from the different car-
bon sources, addition of glutamine showed superior
response for multiple shoot induction from the
organogenic callus cultures. Generally, glutamine has
been used for the induction of embryogenic callus and
direct and indirect induction of somatic embryos (Kim
et al., 1997; Ritaa et al., 2001; Ipekci and
Gozukirmiz, 2002). But in our work, multiple shoat initia-
tion was effectively accderated by the addition of
glutamine (25 mi-) as one of the media component.
Usually, addition of GA3 with shoot proliferation
medium was used for the elongation of shoots (Caboni
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Table 3. Effect of different concentrations of IBA on root induction of elongated shoots of cotton

Gossypium hirsutum cv SVPR 2.

Sample IBA (mgl™) Number of roots / shoot Response Root length (em) Basal callus
No. (%) formation

1 0.0 05+0.01d 84.5 1.4 +0.20

2 0.5 2.940.12 bed 94.0 204 +£0.15

3 1.0 32+0.19ab 91.0 21.8+0.72

4 1.5 40+0.15a 95.5 2454095 3

5 20 32+0.15ab 92.5 19.2 +0.65 R

6 25 3.0£003b 91.0 152+1.10 #

- 30 27+0.15 od $9.3 112+0.85 ;

Number of explants tested: 85, Values are mean + SE of three repeated experiments. Each treatment consisted of
6 replicates. Means within a column followed by the same letters are not significant at P=0.05 according to DMRT.

et al., 2000). But in our study, regular weekly sub-cul-
turing was done on the same medium for complete
elongation and it was achieved after total of 12-14
weeks. Wilting of leaves was also controlled by week-
ly interval subculture. Sometimes supplementation of
minimum quantity of BAP was also used for the shoot
proliferation from the callus (Pretto and Santarem,
1997; Reddy et al., 2002). During multiple shoot pro-
liferation, as per Pretto and Santarem (1997), we main-
tained the callus cultures in dark room condition also.
Unfortunately, there is no significant increase or
decrease in number of shoots was observed in the cal-
lus cultures.

During root induction, IBA treatment alone
showed superior response for induction of roots.
Usually root induction in cotton was difficult when
compared to other plants. In such cases, rootone was
used to induce the roots from elongated shoots in ster-
ilized soil (Gould et al., 1997). Similar to our reports,
influence of IBA in root induction has been reported
for several plants including Hemidesmus indicus
(Sreekumar et al., 2000) and Cunila galiodes (Fracaro
and Echeverrigary, 2001). Regarding cotton regenera-
tion, few whole plant regeneration protocols are avail-
able for Indian cotton cultivars (Agrawal et al., 1997,
Sathyavathi et al., 2002). Compared with the above
reports, this protocol leads to active growth and multi-
plication of cotton plants, because delay in root induc-
tion and phenolic excretion from the explants was con-
trolled.

There are several standardized protocols are
existing for cotton micropropagation and somatic
embryogenesis (Wilkins et al., 2000; 2004).
Unfortunately, organogenic callus induction and plant
regeneration from the callus cultures of cotton was not

reported. Our results proved that organogenic callus
induction and direct shoot regeneration was possible
through callus culture. In conclusion, an efficient and
simple protocol for in vitro adventitious shoot multi-
plication from callus cultures, and whole plant regen-
eration has been described. The protocol was opti-
mized by manipulations of different PGRs, amino
acids and carbohydrates for enhanced multiplication.
Protocol explained in this research paper provides a
rapid plant regeneration system which could be used
for the somaclonal variation induction, and producing
transgenic plants in cotton through Agrobacterium and
biolistic methods.
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