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Abstract. An elite Chinese cottornJossypium hirsuturh.) cultivar Simian-3 was chosen for tissue culture. Callus

with a high frequency of somatic embryogenesis, somatic embryos, and regenerative plants was obtained. Callus
was induced from three types of explants on MSB (MS salts withit8mins) medium supplemented with zeatin

(ZT) only, but the percentage of callus induction and growth of callus varied. It appeared that it was much easier
to induce callus from hypocotyl than cotyledon or root explants. The concentrations of ZT were critical to the
induction and proliferation of callus. The optimum ZT concentration for callus induction was 3.0~5.0 mg/L. Two
kinds of callus could be identified after 70 days of culture: embryogenic and nonembryogenic callus. Embryogenic
callus developed into somatic embryos at various stages after 20 days of subculture. The capability of embryogen-
esis depended on the explant types. The root was the most responsive explant for production of somatic embryos,
the hypocotyl was the next, and the cotyledon was the last. Moreover, a low concentration of ZT was advanta-
geous to the induction of embryogenic callus. 2,4-dichlorophenoxyacetic acid (2,4-D) promoted the proliferation of
embryogenic callus, but had a negative effect on the differentiation and germination of somatic embryos. Addition
of activated charcoal or a proper combination of ZT and 3-indoleacetic acid (IAA) could promote the production,
maturation and germination of somatic embryos. The best medium for the proliferation of embryogenic callus was
ZH medium (Zhang et al., 1996) with 1.0 mg/L 2,4-D, 0.5 mg/L kinetin (KT) and 0.5 mg/L ZT. The best medium

for the differentiation and germination of somatic embryos was Mi8B0.1 mg/L ZT and 2 g/L activated charcoal.

An efficient protocol for the production of high frequency somatic embryogenesis and plant regeneration of an elite
cotton variety Simian-3 has been developed. Complete plants could be regenerated through somatic embryogenesis
from hypocotyl, cotyledon and root explants in 3-4 months.

Keywords: Gossypium hirsuturh.; Plant regeneration; Simian-3; Somatic embryogenesis.

Abbreviations: B, Gamborg et al. medium (196&),4-D, 2,4-dichlorophenoxyacetic acidT, zeatin;KT, kinetin;
IAA, 3-indoleacetic acidylS, Murashige and Skoog’s basal medium (19@2); Zhang et al. medium (1996).

Introduction plantlet regeneration was reported. Davidonis and
Hamilton (1983) first described plant regeneration from two-
Cotton is one of the most important fiber crops in theyear old callus oGossypium hirsuturh. cv Coker 310 via
world. Genetic improvement of cotton through conven-somatic embryogenesis. Since then, significant progress
tional breeding is limited by several factors such as lackhas been reported in cotton tissue culture (Zhang and
of useful variation and long time periods that are requiredFeng, 1992; Zhang, 1994b). In vitro cultured cotton cells
Although plant biotechnology is an attractive means forhave been induced to undergo somatic embryogenesis in
improving cotton, its use requires an effective regeneranumerous labs using varied strategies (Shoemaker et al.,
tion system from somatic tissues of cotton plants. Com-1986; Chen et al., 1987; Trolinder and Goodin, 1987; Zhang
pared with many other crops, it is more difficult to obtain and Wang, 1989; Voo et al., 1991; Kolganova et al., 1992;
somatic embryogenesis and plant regeneration fronZhang, 1994a; Zhang et al., 1996, 1999). Regenerated
cotton. plants have been obtained from explants such as

Cotton somatic embryogenesis was first observed bylypocotyl, cotyledon, root (Zhang, 1994a) and anther

Price and Smith (1979) Bossypium koltzchianurbut no ~ (Zhang et al., 1996) and from various cotton species
(Zhang, 1994b). Somatic embryogenesis and plant regen-

eration systems have been established from cotton tissue,

*Corresponding author. Present address: 1632 West 6th Stre@rotoplasts and ovules (Zhang and Li, 1992; Feng and
Apt F, Austin, TX 78703, USA. E-mail: zbh68@hotmail.com; Zhang, 1994; Zhang, 1995). Regeneration procedures have
zbh68@yahoo.com been used to obtain genetically modified plants after
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Agrobacteriummediated transformation of hypocotyls medium supplemented with various concentrations of ZT
(Umbeck et al., 1987; Lyon et al., 1993; Chen et al., 1994jor the induction of callus.

and cotyledons (Firoozabady et al., 1987) or by transfor-

mation of particle bombardment (Finer and McMullen, Selection of High Frequency Embryogenic Cell
1990). Lines

Although efficiency of regeneration via somatic em-  after 80 days of culture, embryogenic callus was cho-
bryogenesis has been improved significantly in recengen and transferred onto MSB medium supplemented with
years, some difficulties still remain. Only a limited num- gjtferent hormones or MSB medium without any hormones
ber of varieties can be induced to produce somatic @My the proliferation of embryogenic callus. After 28 days
bryos and regenerative plants, and the most responsivg sybculture, embryogenic callus with high frequency of
lines are Coker varieties, which are no longer under CU'“'embryogenesis was chosen for the next subculture. Then
vation (Feng et al., 1998). Genotype dependent responsgntinual subcultures were carried out in the same way.
restricts the application of cotton biotechnology to cot-supsequently, embryogenic callus was subcultured every

ton breeding and production. Therefore, before plant tisyg gays on MSB medium supplemented with 0.1 mg/L ZT
sue culture techniques are widely applied to cottonzeatin) and 2 g/L activated charcoal.

improvement programs, plant regeneration must be pos-

sible for a broad range of genotypes. Although in the Pastyifferentiation of Somatic Embryos and Plant Re-
several attempts have been made for in vitro regeneratio

from other cultivars, little success has been made.aeneratlon

Rajasekaran et al. (1996) obtained regenerative plantlets High frequency embryogenic cell lines were chosen and
via somatic embryogenesis from T25, GSA 78 and Acalatransferred onto embryo differentiation medium (MSB me-
Kumar and Pental (1998) obtained regeneration from Mcudium supplemented with 0.1 mg/L ZT) for the induction
5; GonzalezBenito et al. (1997) obtained regeneration fron@nd development of somatic embryos. Mature embryos
CNPA Precoce 2. Zhang et al. (1999) obtained regeneravere chosen and transferred onto embryo germination me-
tive plantlets from CRI 12. Most of these cultivars, ex- dium [MSB or ZH (Zhang et al., 1996) medium supple-
cept MCU-5 and CRI 12, are obsolete. Moreover, themented with 0.1 mg/L ZT and 2 g/L activated charcoal]

frequency of regeneration was low in these varieties. after 30 days.

Here we report a protocol for high frequency somatic All media were supplemented with 30 g/L sucrose, and
embryogenesis and plant regeneration from an elite cotwere solidified with 7 g/L agar. The pH of medium was
ton Variety Simian-3. This Variety is one of the most im- adjusted to 5.8 before aUtOClaVing at 121°C for 15 min. All
portant varieties in China. It is planted in most of Chinesecultures were incubated at 28 + 2°C under a light inten-
cotton areas and is the standard cotton variety to comsity of approximately 2000 Ix provided by cool white fluo-
pare new lines in regional tests in the Changjiang Riverescent lamps with 16 h photoperiod.

Valley of China.

Results and Discussion

Materials and Methods _ _ _
Induction and Proliferation of Callus
Seed Germination and Cultivation of Sterile Seed- A range of ZT concentrations were tested for callus
lings initiation. The results indicated that callus was induced
Seeds of cotton@ossypium hirsuturh.) cv Simian-3 ~ ©" MSB medium supplemented with a range of ZT

were delinted with sulphuric acid. Plump, mature seedgoncentrations. However, differences based on ZT con-

were chosen and sterilized by the following IoroCedure:centrations and nature of the explant were observed. The

seeds were initially sterilized for 20 min using 70% alcohol,Induction percentage of callus initially increased and then
scorched in the flame of an alcohol burner for a momentdecreased with increasing ZT concentrations, with the
then dipped and kept in sterile water for 30 min to softerf"@Ximum callus observed on MSB medium with 3.0-5.0 mg/
the seed coats and allow their complete removal. The stek Of ZT (Table 1). Although low (0.1-1.0 mg/L) and high
ilized seeds without seed coats were then sown in tedt-0 Mg/L) concentrations of zeatin could induce hypocotyl
tubes containing MSB [MS (Murashige and Skoog, 1962)explant to produce caI_Il_Js, the induced callus grew slowly
salts with B (Gamborg et al., 1968) vitamins] medium or turned brown. Addition of 2,4-D promoted the forma-
supplemented with 6 g/L agar for germination at 28 + 2°clion and growth of cotton callus (Table 2).

under 24 h photoperiod conditions with the light inten-  Several types of callus were distinguishable based on

sity of approximately 2000 Ix. the physical appearance. Callus on MSB medium contain-
ing ZT was initially grayish yellow and friable but grew
Induction and Proliferation of Callus into heterogeneous types (embryogenic and

. i . nonembryogenic callus) after about 1 month. Callus on
Hypocotyl sections (3-5 mm length), cotyledon PIECES\1SB medium containing 2,4-D only was homogeneous,

(10~16 mni surface area), and root segments (3-5 mm

o : : ompact and green. In contrast, callus on MSB medium
length) of 7-day-old sterile seedlings were placed on MSBﬁontaining 2,4-D and ZT and IAA was homogeneous and
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Table 1. Callus induction and proliferation of an elite cott@oésypium hirsuturh.) variety Simian-3 from different explants or
various concentrations of zeatin (ZT).

ZT Exolant Number Number of explants Rate of callus Growth
(mg/L) P of explants with callus induction (%) of callus
0.01 Cotyledon 37 11 29.7 +
Hypocotyl 40 35 87.5 +
Root 16 0 0.0 -
0.1 Cotyledon 33 7 21.2 +
Hypocotyl 18 18 100.0 ++
Root 25 16 64.0 +
0.5 Cotyledon 22 17 63.6 +
Hypocotyl 27 24 100.0 ++
Root 8 2 25.0 +
1.0 Cotyledon 36 1 2.8 +
Hypocotyl 38 38 100.0 +++
Root 19 19 100.0 ++
3.0 Cotyledon 40 11 275 ++
Hypocotyl 42 42 100.0 +++++
Root 21 21 100.0 +
5.0 Cotyledon 32 7 21.9 +++
Hypocotyl 33 33 100.0 et
Root 19 19 100.0 +++
7.0 Cotyledon 31 9 29.0 ++
Hypocotyl 23 23 100.0 ++++
Root 23 12 52.2 +++
10.0 Cotyledon 37 14 37.8 ++
Hypocotyl 30 27 90.0 +
Root 16 4 25.0 +

*Cultures were evaluated at 60 days of culture. Number of + indicates the growth of induced callus; more +, more growéd of indu
callus; -, indicates trace growth of induced callus.

Table 2. Comparison between the effect of ZT, IAA and 2,4-D on callus induction and embryogenesis from various explants (80
days of culture).

Hormones Number of Exolants Ratio of callus Embryogenic Callus
explants P induction (%) ratio (%) weight (g)

0.1 mg/L ZT 33 Cotyledon 21.2 9.09 0.129
18 Hypocotyl 100.0 5.56 0.356

25 Root 64.0 8.00 0.135

3.0 mg/L ZT 40 Cotyledon 275 0.00 0.402
42 Hypocotyl 100.0 0.00 1.291

21 Root 100.0 0.00 0.107

0.1 mg/L 2,4-D + 0.1 mg/L 48 Cotyledon 100.0 0.00 4.872
ZT 48 Hypocotyl 100.0 0.00 5.687
36 Root 100.0 0.00 2.999

0.1 mg/L 2,4-D + 0.1 mg/L 60 Cotyledon 100.0 0.00 5.399
ZT + 0.1 mg/L IAA 60 Hypocotyl 100.0 0.00 6.017
60 Root 100.0 0.00 3.680

0.1 mg/L 2,4-D 50 Cotyledon 98.0 0.00 1.000
50 Hypocotyl 100.0 0.00 1.532

50 Root 92.0 0.00 0.788
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grayish yellow or gray and friable. Hypocotyl explants Somatic Embryogenesis
were most responsive to callus induction and proliferation.
Induction percentage of callus from hypocotyl explants
was 100% on MSB medium supplemented with 0.1-7.0 mg
L ZT. The optimal ZT concentration for cotton callus in-
duction from all explants was 3.0-5.0 mg/L (Table 1).

After 70 days of culture on MSB medium supplemented
ith various concentrations of ZT, callus could be classi-
ied into two types: nonembryogenic callus (Figure 1 A)
and embryogenic callus (Figure 1 B). Embryogenic callus
was fast growing, light yellow and loose. Somatic embryos

Figure 1. Somatic embryogenesis and plant regeneration of ca&ossfypium hirsuturh.) variety Simian-3. A, nonembryogenic
callus; B, embryogenic callus; C, somatic embryos at various developmental stages; D, germination of somatic embryos and plant
regeneration; E, regenerative plant; F, regenerated plant after transferred to soil.
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at various stages of development were found in embryoindicated that although the addition of 2,4-D could pro-
genic callus. Nonembryogenic callus was slow-growing,mote the induction and growth of cotton callus, embryo-
compact, light brown or light or dark green. Some of thesegenic callus was not observed within 90 days of culture
turned brown and died. (Table 2).

The ZT concentration is the key factor on the direct All the explants viz hypocotyls, cotyledons and root
induction of embryogenic callus. Although high concen- segments produced embryogenic callus on MSB medium
trations of ZT promoted the induction and growth of cot- supplemented with 0.01, and 0.1 mg/L ZT only. However,
ton callus, it was disadvantageous to the induction othe frequency was low, since only 10% of the explants pro-
embryogenic callus. In contrast, low concentrations of ZTduced embryogenic callus (Table 2). The frequency of
(0.01, 0.1 and 0.5 mg/L) could induce cotton explants teembryogenic callus was also different amongst the
produce embryogenic callus directly from cotyledon, explants, with hypocotyl callus giving the highest fre-
hypocotyl, and root explants. On MSB medium with 1 mg/quency of embryogenic callus and cotyledons the lowest.
L ZT or more, embryogenic callus could not be induced Regeneration varied from seed to seed in this

directly from explants. However, embryogenic callus couldexperiment. Out of the seedlings that were tested, explants
be induced when callus was subcultured on these medigerived from some seedlings easily regenerated via somatic
more than twice. embryogenesis, but some proved difficult or did not re-

In previous reports, 2,4-D was an essential hormone fogenerate at all (data not shown). This result is similar to
the induction of somatic embryogenesis in cotton andhat of previous reports (Trolinder and Chen, 1989; Gawel
other plants (Davidonis and Hamilton, 1983; Trolider andand Robacker, 1990; Kumar and Pental, 1998).

Goodin, 1986; Chen et al., 1987; Zhang and Li, 1992;  Empryogenic callus was transferred to MSB medium
McKersie and Brown, 1996; GonzalezBenito et al, 1997:s;nplemented with 0.1 mg/L ZT and 2 g/L activated char-
Guis etal., 1998; Kumar and Pental, 1998; Choi et al., 1994 or without any hormones. After 7 days of subculture,
Zheng et al., 1999; Zhang, 2000). In this study, we havempryogenic callus produced visible somatic embryos.
found that ZT, a cytokinin, can induce cotton embryogeniCatter 20 days of culture, somatic embryos in various de-
callus. After we obtained embryogenic callus on MSBye|opmental stages could be obtained.

medium supplemented with ZT only, we compared the

method described here with the previous method, which Embryogenic callus with somatic embryos at various
. . . .~ developmental stages were chosen and transferred into
was used to induce embryogenic callus with auxin

. 7= L MSB medium supplemented with 0.1 mg/L ZT, 30 g/L su-
_(espeually 2,4-D) ar]d cytokinin combln_atlons. Acc_ord crose and 2 g/L activated charcoal. After 28 days of
Ing to our and other’s results (Davidonis and Ham”ton'subculture the embryogenic callus with more extensive
1983; Trolider and Goodin, 1986; Chen et al., 1987; Zhang,, ! yog

. ] . i ifferentiation of somatic embryos was chosen and trans-
and Li, 1992; GonzalezBenito et al., 1997; Kumar and . . o
ferred into fresh medium of the same composition.

; (Zr_'g’ll’Olfr?]s)/’L'\gﬁ_Barr?deg"immSl;f '?:21 iesnttﬁsl t\;\g tsrt] 21; dTJ%"I’herefore, the high frequency embryogenic lines required
a2 D2 Mg - Mg more subcultures. Following this procedure, high fre-

for the induction of cotton embryogenic callus. However, uency embrvogenic cell lines were obtained. and these
this callus requires multiple subcultures before embryo-q ey yog )

oo cell lines could produce more than 100 somatic embryos
genesis is induced. We compared the two methods foirn one culture bottle (Figure 1C)
their ability to induce somatic embryogenesis. The results 9 '

Table 3. The effect of various media on Simian-3 embryogenic callus in terms of growth, proliferation, differentiation and germina-
tion of somatic embryos (after 28 day of culture).

Medium Medi Growth ratio of %Embryogenic Germination ratio of
code edium embryogenic callus  callus with embryds somatic embryds(%)
SM1 MSB 4.56 68.5 34.8
SM2 MS + 0.1 mg/L 2,4-D + 0.1 mg/L 10.01 0.0 5.4
KT + 0.2 mg/L I1AA

SM3 ZH+1.0 mg/L 2,4-D+ 0.5 mg/L 11.52 2.0 3.2
KT + 0.5 mg/L ZT

SM4 MSB+0.1 mg/L ZT 8.76 87.8 70.0

SM5 MSB+0.1 mg/L ZT+2 g/L 5.38 100.0 87.8
activated charcoal

SM6 MSB+0.1 mg/L ZT+0.1 mg/L IAA 6.23 84.9 79.1

aGrowth ratio was calculated by following formula: (Growth ratio)=(wet weight of callus after 28 days of culture)/(origiral weig
of callus). For each treatment, 5 samples were recorded and averaged.
®Values represent means of three replicates.
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Explants
(Hypocotyls, cotyledons, roots)
\2
Induction and proliferation of callus
(MSB medium supplemented with 0.1-3.0 mg/L Zeatin and 30 g/L glucose)
\2

Embryogenic callus proliferation
(ZH medium supplemented with 1.0 mg/L 2,4-D, 0.5 mg/L KT, 0.5 mg/L Zeatin and 30 g/L sucrose)
\2
Embryogenesis

(MSB medium supplemented with 0.1 mg/L Zeatin, 2 g/L activated charcoal and 30 g/L sucrose)
\

High frequency embryogenic cell lines

(MSB medium supplemented with 0.1 mg/L Zeatin, 2 g/L activated charcoal and 30 g/L sucrose)
\:

Somatic embryos
(MSB medium supplemented with 0.1 mg/L Zeatin, 2 g/L activated charcoal and 30 g/L sucrose)
\2
Plant recovery
(MSB medium supplemented with 0.1 mg/L Zeatin or KT, 0.1 mg/L IAA and 30 g/L sucrose)

Figure 2. Protocol for somatic embryogenesis and plant regeneratiGossypium hirsuturh. variety Simian-3.

Proliferation of Embryogenic Callus, Differentia-  As Table 3 makes clear, the optimum medium for the
tion and Development of Somatic Embryos proliferation of embryogenic callus was ZH medium
A range of media were tested for the proliferation ofsupplemented with 1.0 mg/L 2,4-D, 0.5 mg/L KT and 0.5
) . - mg/L ZT, and the optimum medium for the differentiation
embryogenic callus, differentiation and development of

somatic embryos from elite cotton cultivar, Simian-3 (Tableand germination of somatic embryos was MSB medium
3). Addition of 2,4-D stimulated the proliferation of em- supplemented with 0.1 mg/L ZT and 2 g/L. activated char-

bryogenic callus, but was disadvantageous to the differ-Coal

entiation and germination of somatic embryos. Although

MSB medium without any hormones was advamtageougs’["’lb"s"]ment of Cotton Elite Vari_ety Simian-3 Tis-
for embryogenesis, its effects on the proliferation of em-Sue Culture and Plant Regeneration System

bryogenic callus and the germination of somatic embryos Development of an efficient tissue culture and plant re-
was not adequate. The addition of activated charcoal tgeneration protocol for elite cotton varieties is the first
MSB medium or proper combination of hormones ZT andstep towards the application of transgenic technology to
IAA promoted the differentiation, maturation, and germi- improve cotton breeding and is, thus, the foundation of
nation of somatic embryos (Table 3). cotton biotechnology. Our initial intention was to induce

Embryogenic callus grew and proliferated faster on Me-2dventitious buds on MSB medium with ZT, but the re-
dium SM3 than on the other media. The growth ratio ofSults were inconsistent with our intention. None of the
embryogenic callus was 11.52 after 28 days of culture ofgXplants formed adventitious buds, but they did produce
SM3 medium, almost twice the growth ratio on the otheremMbryogenic callus and somatic embryos. We have es-
media (Table 3). On SM5 medium, all embryogenic callust@Plished the culture protocol for a new elite cotton
produced visible somatic embryos after 28 days of culture¥ariety, Simian-3, with high frequency embryogenesis and
but no visible somatic embryos were obtained on SM2P|anF regeneration (Figure 2). With the protocol developed
medium. The addition of activated charcoal, or ZT, wasin this study, we have obtained hundreds of regenerated
advantageous to the germination of somatic embryos, anglants from Simian-3 via somatic embryogenesis (Figure
the germination ratio was more than 70% on the mediuniD; E). These plants were transferred to soil and grew
supplemented with ZT only or with a combination of ZT vyeII (Figure 1F). This will prompte the application of pla_nt
and activated charcoal. Adding 2.4-D inhibited the ger-tissue culture technology in the area of selection
mination of embryos and promoted some embryos'esistance, production of artificial seeds, and genetic
callusing, so the germination ratio was very low on SMm2{ransformation.
and SM3 media.
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