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ABSTRACT

Plant transgenic technology is an attractive means for
introduction of foreign genes into cotton, but it requires an effective
plant regeneration system. This study was aimed to develop a high
frequency shoot regeneration technique from cotyledonary nodes and
shoot apex of Egyptian Cottons (Gossypium barbadense L.). Shoot
proliferation from different explants of seven Egyptian cotton varieties
namely: Giza 45, Giza 70, Giza 83, Giza 86, Giza 88, Giza 89 and
Giza 90 was studied in culture. The proliferation was carried out on Bs
Gamberg medium supplemented with different cytokinins (6
combinations). The results indicated that the addition of cytokinins in
the medium induced the number of produced shoots compared to the
control, however differences based on the cytokinin type and
concentration and nature of the explants were observed. Cotyledonary
nodes produced higher number of shoots compared to shoot apex of
the same vareity. The cotyledon nodes and shoot apex explants of the
Giza 70 produced higher numbers of shoots compared to the other
varieties. The best medium for the proliferation of cotton from
cotyledonary nodes of all the tested varieties was the medium
supplemented with 3 mgl” Kin (M1), while the combination of 1 mgl
"' Kin and 1 mgl” 2ip (M6) gave the highest number of shoots per
shoot apex compared to the other hormonal combinations. The
isolated shoots were rooted on basal medium supplemented with -
naphthaleneacetic acid and were transferred to acclimatization on
mixture of soil and peat moss (1:1) under nonsterile conditions.
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Abbreviation: Kin - Kinetin; BA - 6-benzyladenine; 2ip - (t-t
dimethylallayl-amino)-purine MS - Murashige and
Skoog medium (1962); Bs - Gamborg (1968); NAA -
a-naphthalene acetic acid.

INTRODUCTION

Cotton is an economic plant of world importance. It is the
world's leading textile fiber crop and it is also a source of other
products such as oil, live-stock feed (cotton seed cake) and cellulose
(Anderson, 1999; Frelichowski et al., 2006)). In Egypt its importance
is derived from being one of the main sources of foreign currency as
well as the principle raw material for the national textile industry and
one of the important sources of edible oil (Adawy et al., 2006).
Although conventional breeding programs have made steady
improvements in agronomic traits in cotton, genetic improvement is
limited by several factors such as lack of useful variation and long
time periods required (Wang et al., 2006).

Somatic embryogenesis is an important tool in breeding cotton
species because of its great potential in germplasm enhancement
(Zhang et al., 2004). Since Davidonis and Hamilton (1983) reported
plant regeneration via somatic embryogenesis in G. hirsutum cv.
Coker 310, a number of protocols have been exploited for somatic
embryogenesis and plant regeneration from various explants of cotton
(Finer, 1988; Zhang et al., 2000; Sakhanokho et al., 2004; Jin et al.,
2005; Sun et al., 2006). To take the full advantage of somatic
embryogenesis, a high-frequency, synchronous embryogenic system is
needed. Recently, a simple and efficient method was developed to
improve somatic embryogenesis frequency and synchronous
development of mass somatic embryos from cultured cells of the
cotton cultivar Coker 201 (Jing-Lin et al., 2008).

Plant transgenic technology is an attractive means for
introduction of foreign genes into cotton, but it requires an effective
plant regeneration technique that results in production of large number
of shoots and allows the faithful multiplication of transferred gene
without causing variations. On the basis of the previous studies, the
present study was conducted to develop an efficient and reproducible
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regeneration protocols for clonal multiplication of Egyptian cottons
using cotyledonary nodes and shoot apex. The results from this study
will be wuseful in genetic improvement of cotton through
biotechnology by providing an efficient regeneration system.

MATERIALS AND METHODS

Plant material

This study included six Egyptian cotton varieties belonging to
Gossypium barbadense L. namely: Giza 45, Giza70, Giza 83, Giza 86,
Giza 88, Giza 89 and Giza 90 (Tablel). Pure seeds of the genotypes
were obtained from the Cotton Research Institute (CRI), Agriculture
Research Center (ARC), Giza, Egypt.

This work was carried out at the Plant Biotechnology Laboratory
(PBL), Faculty of Agriculture, Cairo University, Giza, Egypt, during
two successive seasons from 2006 to 2008.

Table 1. List of cotton varieties used in the study, their pedigree,
staple length and the location in which they are cultivated

Varieties Parents Staple length Climatic region
Giza 45 G28XG7 Extra-long Delta
Giza 70 G59A X GS51B Extra-long Delta
Giza 83 G67XGT72 long Upper Egypt
Giza 86 G75X G381 long Delta
Giza 88 G77XG45 Extra-long Delta
Giza 89 G 75 X Russia 6022 long Delta
Giza 90 G 83 X Dandra long Upper-Egypt

Seeds sterilization and germination

Cotton seeds were surface-sterilized by immerse in 70% ethanol
for 1min (Ouma, et al., 2004a), followed by 40% Clorox for 20min,
then 0.1% (w/v) mercuric chloride (HgCL;,) solution for 15min
followed by three washes with sterile distilled water and then stored
overnight in sterile distilled water for germination (Wang et al., 2006).
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The seeds were surface-sterilized by immerse in 10% Clorox for 1min
at the next day followed by three washes with sterile distilled water.
The seed coats were removed and placed on half strength MS
(Murashig and Skoog, 1962) medium supplemented with 1.5% (w/v)
sucrose, solidified with 0.7% agar and adjusted to pH 5.8 before
autoclaving. The medium was distributed into the culture jar 800ml
where each jar contained 100ml of the media. The seeds without coats
were germinated under dark conditions for 2days and then transferred
to a 16h light, 8h dark light condition at 28+2°C. Light was provided
by white fluorescent lamps giving intensity of 1000 lux (Suresh
Kumar et al., 2003).

Shoot induction and multiplication

Shoot apex and cotyledon nodes were excised from 21 days old
sterile seedlings that were used as explants for shoot induction by
culturing on Bs (Gamborg et al., 1968) medium supplemented with
30g 1" sucrose, 100mg I”" myo-inositol, 10mg 17" thiamine, 7g 1™ agare
and various concentrations of different cytokinin hormones (Table 2)
according to Gupta et al. (1997). Plant growth regulators were added
before autoclaving at 121°C for 20min and pH of the media was
adjusted to 5.8. The medium was distributed into the culture jar 250ml
where each jar contained 35ml of the media. The explants after
culturing transferred to the same of conditions were used of the
germination for 4 weeks.

Table 2. The hormone combination in the induction media of
shoots and multiplication

Hormones combination (mg l'l)

Treatments

Kin 2ip BA

MO (Control) 0.0 0.0 0.0
M1 3.0 0.0 0.0

M2 0.0 3.0 0.0

M3 0.0 0.0 3.0

M4 1.0 0.0 1.0

M5 0.0 1.0 1.0

Me6 1.0 1.0 0.0




J. Biol. Chem. Environ. Sci., 2009, 4(4), 151-165 155

Rooting of shoots

Elongated shoots (1.5 to 2.5cm long) were isolated and
transferred to half strength MS media and vitamins supplemented with
15g I"! sucrose, 0.5mg 1™ NAA and 7g ™! agar for rooting (Rauf et al.,
2004a).

Acclimatization

Plantlets were transplanted after rooting into green house and
washed with tap water for three times to remove all traces of agar then
soaked in vita fax and cultured in black plastic pots containing a
mixture of pet moss and sand (1:1) under nonsterile conditions. After
15 days, the plantlets maintained under partial shade and irrigated
daily.

Statistical analysis

Each experiment was performed three times and an analysis of
variance was performed for each experiment. The least significance
difference test (LSD at p= 0.05) was used for multiple mean
comparisons.

RESULTS AND DISCUSSION

Seeds sterilization and germination

Poor and nonuniform germination was a problem at the
beginning of the experiment because of the variability in water
absorption and, possibly, seed age and vigor. This problem has been
overcame by soaking the sterilized seeds in distilled water overnight
and aseptically removing the seed coats before transferring them to the
germination medium (Fig. 1A). This technique is relatively easy, and
it proved to be useful in improving the germination rate (Fig. 1B).
This improved germination rate may be particularly useful when there
is a need to submit a uniform set of seedlings to a treatment. In
addition, this technique reduced the contamination problem arising
from the seed coats (Sakhanokho et al., 2001).

Shoot induction and multiplication

In this study, regeneration with 21-day-old explants of all several
varieties was successful. Our results are in a disagreement with those
found by Luo and Gould (2000) who cultured 7-, 14-, 21-, 28-, 34-,
and 45-day old cotyledonary nodes containing hypocotyl pieces and
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obtained the best regeneration response was for 14 and 35-day old
explants.

Different types and concentrations of cytokinins were studied for
proliferation of several Egyptian cotton varieties. Shoot cultures were
induced by placing cotyledon nodes and shoot apex explants in Bs
medium supplemented with 30g 1™ sucrose, 100mg 1I™' myo-inositol,
10mg I"'thiamine, 7g I"'agare and combination of different cytokinins
(Table 2).

The results showe that cotyledonary nodes of all the tested
varieties produced higher number of shoots (Table 3, Fig. 1C)
compared to shoot apex of the same variety (Table 3). The cotyledon
nodes (Fig. 1C) and shoot apex explants of the variety Giza 70
produced higher numbers of shoots compared to the other varieties
(Table 3, Fig. 2). The shoot apex of the variety Giza 88 and the
cotyledon nodes of the variety Giza 83 gave the lower number of
shoots per explant (Table 3).

Table 3. Effect of varieties on the number of shoots per explants

Explants
Varieties
Cotyledonary nodes Shoot apex
Giza 45 1.95a 1.60b
Giza 70 2.03 a 1.82a
Giza 83 1.61 c 1.61b
Giza 86 1.73 be 1.09 ¢
Giza 88 1.72 be 1.08 ¢
Giza 89 1.81 abc 1.71 ab
Giza 90 1.72 be 1.14 ¢

LSD at 0.05 0.23 0.17
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Fig.1. (A) Seeds without coats. (B) Germination from Giza 86. (C) Shoot
induction from cotyledonary nodes of Giza 70. (D and E) Rooting of Giza 86
and Giza 88. (F) Acclimatized of all cultivars.
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Fig.2. The effect of varieties on the number of shoots.
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The results indicate that the addition of hormone in the medium
induced the number of produced shoots compared to the control,
however differences based on the cytokinin type and concentration
and nature of the explants were observed (Tables 4, 5 and 6). The best
medium for the proliferation of cotton from cotyledonary nodes of all
the tested varieties was the medium supplemented with 3mgl™” Kin
(M1), while the medium containing 3mgl”" BA (M3) gave the lowest
number of shoots per node of most of the tested varieties (Tables 4
and 5). Abdellatef and Khalafalla (2007) induced shoot development
was using kinetin (Kin) or benzyladenine (BA) alone. Both types and
concentrations of growth regulators significantly influenced shoot
proliferation. Kin proved to be more effective than BA. The best
response, however was obtained when 2.0 mg L™ Kin were used. This
is mainly, because at higher cytokinin level cotyledonary node
explants produced excessive callus and failed to improve the
efficiency of shoot multiplication. Thiem (2003) reported that callus
growth on explant usually interfere with the propagation process. The
combination of 1 mgl” Kin and 1 mgl” 2ip (M6) gave the highest
number of shoots per shoot apex compared to the other hormonal
combinations, while the treatment containing 1 mgl™ Kin and 1 mgl”
BA (M4) produced the lowest number of shoots per shoot apex of
most of the tested varieties (Tables 4 and 6).

Table 4. Effect of media on the number of shoots per explants

. Explants
Media
Cotyledonary nodes Shoot apex

MO (Control) 0.76 ¢ 0.72 e

M1 244 a 144 ¢

M2 2.04 be 1.27d

M3 1.48d 1.75b

M4 1.76 cd 1.17d

M5 1.85¢ 1.66 b

Mo 2.23 ab 2.06 a
LSD at 0.05 0.30 0.15

MO: without growth regulators, M1: 3mgl™ Kin, M2: 3mgl” 2ip, M3: 3mgl”' BA, M4:
Imgl” Kin + Imgl™" BA, M5: Imgl™” 2ip + 1mgl” BA, M6: Imgl” Kin + Imgl™ 2ip.
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Cotton plants have proved to be difficult to manipulate in tissue
culture. Shoot tip culture is a possible alternative to cope with the
problem of recovering plants from callus tissue (Gould et al., 1991;
Rauf et al., 2004a). Agarwal et al. (1997) obtained highest number of
shoots by culturing cotyledonary nodes devoid of apical meristem in
MS basal medium supplemented with 6-benzylaminopurine (BAP)
and Kinetin 2.5 mgl' each. However, shoot could not elongate in
same media. The advantages of shoot tip culture over other
regeneration systems. Shoot regeneration from shoot tip is direct,
relatively simple and needs less time to regenerate large number of
plants (Saced et al., 1997). Plants regenerated from shoot apices are
true to phenotype with low incidence of somaclonal variation and
chromosomal abnormalities (Bajaj and Gill, 1986). Shoot apex explant
has few genotype limitations and considered as more appropriate
because meristematic cells are programmed for direct shoot
organogenesis without an intervening callus stage (Zapata et al.,
1999).

Cytokinins are involved in shoot development of plants. Jorge et
al. (1998) suggested that 6-benzylaminopurine (BA) is directly
responsible for re-programming the embryonic apical meristem axes
of cotton toward the production of multiple buds and subsequent shoot
development. They reported that an average of 3.4 shoots per
embryonary axis was obtained when explants were cultured on
medium supplemented with 3 mg 17 BA. Higher and lower
concentrations of the growth regulator yielded fewer shoots per
explants. Hemphill et al. (1998) described a plant regeneration
procedure, which was applicable to diverse cotton germplasms and
required specific concentrations of BA depending on the origin of the
meristems. All shoots regenerated directly without a callus phase.
Screening BA concentrations (0.0-10.0 pM) demonstrated that shoot
meristems (apices), secondary leaf nodes, primary leaf nodes, and
cotyledonary nodes derived from in-vitro grown 28-day-old seedlings
(Paymaster HS26) varied in their ability to form elongated shoots
depending on the level of BA.



Table 5. Effect of the media on cotyledonary nodes of all varieties

Medi il Varieties
e AN T Giza45  Gizal0  Giza83  Giza86  Giza88  Giza89  Giza 90
MO 0.60 d 093¢ 0.50d 0.90 e 0.47d 0.93 b 1.00 ¢
M1 270 a 275a 2222 250a 250 233a 2284
M2 Gotvledonary  2.50 ab 2.25ab 2.00 ab 1.84 be 1.91 be 2.00 ab 1.79 ¢
M3 nodes 1.50 ¢ 1.50 be 1.17¢ 1.50d 1.50 ¢ 1.50ab  1.70¢cd
M4 1.83 ¢ 206ab  1.56bc 1.58d 183bc  1.78ab  1.72¢cd
M5 200bc  222ab  167abc  1.78¢ 184bc  1.89ab 1.584d
M6 2.50 ab 250a  217ab  2.00b 2.00b 2222 2.00 b
LSD at 0.05 0.57 0.85 0.67 0.19 0.42 1.07 0.19

MO: without growth regulators, M1: 3mgl" Kin, M2: 3mgl " 2ip, M3: 3mgl” BA, M4: 1mgl” Kin + 1mgl” BA, M5: 1mgl”’ 2ip + Imgl" BA,

M6: Imgl™ Kin + 1mgl™ 2ip.

Table 6. Effect of the media on shoot apex of all varieties

Medi Explant Varieties
e IWARS T Giza45  Giza70  Giza83  Giza86  Giza88  Giza89  Giza 90
MO 0531 1.03 ¢ 0.90¢ 057 ¢ 033 ¢ 1.07d 0574
M1 1.50 d 189ab  167bc  1.17ab  0.80cd  1.78abc 128D
M2 Shnctaney 1208 183ab  147c¢d  1.00be 0.67d 1.67 be 1.00 ¢
M3 e 225b 206ab  2.00ab  125ab 1.50b  2.00ab  1.17be
M4 1.17¢ 161bc  1.17de  1.00be 1.00 ¢ 1.55¢ 1674
M5 2.00 ¢ 200ab  1.89abc  1.17ab 143b  178abc 133D
M6 250a 233a 217a 1.50 a 1.83a 2.11a 2.00a
LSD at 0.05 021 0.71 0.74 0.45 0.30 0.41 0.22

MO: without growth regulators, M1: 3mgl" Kin, M2: 3mgl " 2ip, M3: 3mgl” BA, M4: 1mgl” Kin + 1mgl’ BA, M5: 1mgl”’ 2ip + Imgl" BA,

M6: 1mgl” Kin + 1mgl” 2ip.
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Rooting of shoots

The elongated shoots were rooted on half strength MS media
supplemented with 15g 1™ sucrose, 0.5 mg "' NAA. This medium
produced the highest percentage of root development and root length
in all the tested varieties (Fig 1, E). The induction of in vitro roots is
an important step in micro-propagation and genetic transformation
protocols, but has often proved difficult in many recalcitrant species
like cotton (Ouma et al., 2004b). Agrawal et al. (1997) used
cotyledonary nodes and obtained rooting, but Saced et al. (1997) used
meristem shoot tips and found these to develop roots more readily
than hypocotyls segments. Highest percentage (93.3%) of root
development and root length (5.85) was obtained when shoots were
cultured on MS media supplemented with 0.5 mgl™" NAA and 0.1 mgl
! Kinetin (Rauf et al., 2004b).
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