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-A-،B:-١شكل 
٣١٢،C-،D-

تشـكيل  -G،٣١٢-E-،F،٣١٢كوكر
،H- ٣١٢جنـين

،I-،J-٣١٢،K-
٣١٢،L-

Figure 1. Regeneration stages of cotton cultivars hypocotyls by somatic embryogenesis: A. Callus formation

among Sahel explants, B. Appearance of embryogenic callus in Coker312, C. Appearance of non embryogenic

callus in Sahel, D. Somatic embryos of Coker312, E. Embryos production by non embryogenic callus in

Varamin, F. Development of embryos in Coker312, G. Leaf formation from somatic embryos in Varamin, H.

Germinated embryos of Coker312 at cotyledonary stage, I. Abnormal plantlet in Sahel, J. Rooting of somatic

embryos in Coker312, K. Roots and callus production at the same time in Coker plantlet, L. Regenerated

plantlet of Varamin.
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Table 1. Mean comparison of callus initiation, percentage of callus production and callus size in three cotton

cultivars.

Callus size%Callus production
)(

Callus initiation (day)Cultivars
12.6a ± 2.5875.8ab10.7a ± 2.80٣١٢Coker 312
11.9a ± 2.4488.3a10.9a ± 2.83ساحلSahel
7.7b ± 2.5857.0b12.8b ± 2.69نيVaramin

. % ١،ي،ميانگين هاي
Means, in each column, followed by the same letters are not significantly different at the 1% Probability level-using Duncan's
Multiple Range Test

٢-tييييمقا
Table 2. Comparison of percentage of embryogenic callus production in three cotton cultivars using t-test

سطح 
Probability Level

t ياt′
values׳t or tمقايسه هاComparisons

ns0.9763-0.033٣١٢كوكرCoker versus Varmin
Coker versus Sahelبا ساحل٣١٢كوكر2.491*0.0189

ns0.05851.967Varamin versus Sahel
* :٥%*=Significant at the 5%, probability level

ns :ns=Non-significant
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Table 3. Comparison of initiation of germination in somatic embryos and average number of somatic embryos in
three cotton cultivars

سوماتيكين هايميانگين
Avarag of somatic embryo no.
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Initiation of germination in somatic embryos (day)Cultivars

198.7a ± 23.4223.1a ± 4.58٣١٢Coker 312
81.7ab ± 10.1731.6a ± 3.29نيVaramin
42.0b ± 6.20191.4b ± 9.60ساحلSahel

. % ١،يي،ميانگين ها
Means, in each column, followed by the same letters are not significantly different at the1% probability level-using Duncan's
Multiple Range Test
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Table 4. Mean comparison of percentage of rooted embryos in three cotton cultivars and four rooting and

regenerating media
Cultivars

Culture mediaيمح
ني

Varamin
ساحل
Sahel

٣١٢
Coker312

8.3a26.3a12.9aM1 (Zapata et al., 1998)
nd20.0a8.3aM2 (1/2 MS)

12.5and11.6aM3 (Gould and Magallanes-Cedenedo, 1998)
0.0and4.3aM4 (Zhang et al; 2001b)

% ٥كه،يميانگين هاي
Means, in each column, followed by the same letter are not significantly different at the 5% Probability level-using Duncan's
Multiple Range Test

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                             7 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


٤،١٣٨٦نهمجلد،"مجله"

309

.

)Tohidfar et al., 2005 ( ٣١٢كـوكر
.

يطيمح-يي
 .

لا .

.مي يابد
تنظيم كنند

 .

 .
)Zhang et al., 2001b ()١ -mgl١- ١٠ -mgl

٠١/٠ (
١٠٠

) 2,4-D١ -mgl١/٠ (
)١ -mgl١/٠ (

١٠٠
2,4-D باشـد .

 .
)Zhang et al., 2001b (

2,4-DSimian-3

 .
)Shengwai and Jingsan, بـا  ) 2000

IBAXinluzao

)Kumria et al., 2003 (2,4-D

 .
٣١٢

)Leelavathi et al., 2004 (2,4-D

٣١٠ .

٣١٢

 .
ــي م

بالاترين ٣١٢. 

.

 .

)Tohidfar et al., 2005 (.

)Mishra et al., 2003 .(
2,4-D

 .
2,4-D

 .

.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                             8 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


"..."

٣١٠

)Zhang et al., 2000 .(
)Zhang et al., 2000 (ن يجن ـييهنگام

ينييييسوماتها
) ٥٦(%ييسـومات ن هـا يجن ـيي

ينتيييي
افت يييييسوماتن هايجني

) mg/L١٠(ن ينت ـي
ي ـ%) ٦.٧(ييسوماتن هايجني

.يي
ي

)Zhang et al., 2001b ( ــه نتيجــه مشــاب ــز ب ني
.)١-mgl١/٠ (

Zhang(نمي كند  et al., 2001b.(

گـر  ي
ي ـ. 

. ي
.ي

ه . 
 .

 .

 .
)Zhang et al., 2001b (

.

يي

)Shengwai and Jingsan, ز بـا  ي ـنيي ـ). 2000
قابـل  يييمحيابي

.ونديزپييي

ي
يبخش ـيامي ـفاطمه 

.يم

References
ي.١٣٨٦. . ي. يمي. يتوح. .،ي

 . .١١٥-١٠٩:)٢(١٧.
.، . . .١٣٧٦. .

. صفحه٧٦٤. 
Agrawal, D. C., A. K. Banerjee, R. R. Kolala, A. D. Dhage, A. V. Kulkarni, S. M. Nalawade, S Hazra and

K. V. Krishnamurthy. 1997. In vitro induction of multiple shoots and plant regeneration in cotton

(Gossypium hirsutum L.). Plant Cell Rep. 16: 647–652.

Chen, Z. X., S. J. Li and N. L. Trolinder. 1987. Some characteristics of somatic embryogenesis and plant

regeneration in cotton cell suspension culture. Sci. Agric. Sin. 20: 6-11.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                             9 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


٤،١٣٨٦نهمجلد،"مجله"

311

Davidonis, G. H. and R. H. Hamilton. 1983. Plant regeneration from callus tissue of Gossypium hirsutum L.

Plant Sci. Lett. 32: 89-93.

Feng, R. and B. H. Zhang. 1994. Ovule culture and rescue of cotton hybrid embryos. Shaanxi J. Agric. Sci. 2:

46-48.

Finer, J. J. 1988. Plant regeneration from somatic embryogenic suspension cultures of cotton (Gossypium

hirsutum L.). Plant Cell Rep. 7:399–402.

Firoozabady, E. and D. L. DeBoer. 1993. Plant regeneration via somatic embryogenesis in many cultivars of

cotton (Gossypium hirsutum L.). In Vitro Cell Develop. Biol. 29P:166–173.

Gould, J. and M. Magallanes-Cedenedo. 1998. Adaptation of cotton shoot apex culture to Agrobactium-

mediated transformation. Plant Mol. Biol. 16:1-10.

James, C. 2003. Global review status of commercialized transgenic crops. ISAAA. 30: 1-25.

Kolganova, T. V., D. K. Srivastava and V. L. Mett. 1992. Callusogenesis and regeneration of cotton

(Gossypium hirsutum L. cv 108-F). Sov. Plant Physiol. 39: 232-236.

Kumria, R., V. G. Sunnichan, D. K. Das, S. K. Gupta, V. S. Reddy, R. K. Bhatnagar and S. Leelavathi.

2003. High frequency of somatic embryo production and maturation in normal plants in cotton (Gossypium

hirsutum L.) through metabolic stress. Plant Cell Rep. 21: 635-3-639.

Leelavathi, S., V. Sunnichan, R. Kumria, G. P. Vijaykanth, R. K. Bhatangar and V. S. Reddy. 2004. A

simple and rapid Agrobacterium–mediated transformation protocol for cotton (Gossypium hirsutsm L.):

Embryogenic cell a source to generate large numbers of transgenic plants. Plant Cell Rep. 22: 465-470.

Mishra, R., H. U. Wang, N. R. Yadav and T. A. Wu. 2003. Development of a highly regeneration elite Acala

cotton (Gossypium hirsutum L. cv. Maxa)–a step towards genotype-independent regeneration. Plant Cell

Tiss. Org. Cult. 73: 21-35.

Morshedi, A. 1987. Callus induction in wheat cultivars. M.Sc. Thesis. IndustrialUniversity of Isfshan.

Murashige, T. and F. Skoog. 1962. A rapid revised medium for rapid growth and bioassays with tobacco tissue

cultures. Physiol. Plant. 80: 662-668.

Ouma, J., P M. M. Young and N. M. Reichert. 2004. Optimization on in vitro regeneration of multiple shoots

from hypocotyle sections of cotton (Gossypium hirsutsm L.). African J. Biotech. 3:169-173.

Price, H. J. and R. H. Smith. 1979. Somatic embryogenesis in suspension cultures of Gossypium

klotzschiaanum Anderss. Planta. 145: 305-307.

Rajasekaran K. 1996. Regeneration of plants from cryopreserved embryogenic cell suspension and callus

cultures of cotton (Gossypium hirsutsm L.) Plant Cell Rep. 10: 161–162.

Rajasekaran, K., R. L. Hudspeth, J. W. Carry, D. M. Anderson and T. E. Cleveland. 2000. High-frequency

stable transformation of cotton (Gossypium hirsutum L.) by particle bombardment of embryogenic cell

suspension cultures. Plant Cell Rep. 19: 539-545.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                            10 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


"..."

٣١٢

Sakhanokho, H. F., A. Zipf, K. Rajasekaran, S. Saha and G. C. Sharma. 2001. Induction of highly

embryogenic calli and plant regeneration in Upland and Pima cottons. Crop Sci. 41: 1235-1240.

Satyavathi, V. V., V. Prasad, B. G. Lakshmi and G. S. Lakshmi. 2002. High efficiency transformation

protocol for three Indian cotton varieties via Agrobacterium tumefaciens. Plant Sci. 162: 215-223.

Shengwai, Z. H. U. and S. U. N. Jingsan. 2000. Rapid plant regeneration from cotton (Gossypium hirsutum L.).

Chinese Sci. Bult. 45: 1771-1774.

Shoemaker, R. C., I. J. Couche and D. W. Galbraith. 1986. Characterization of somatic embryogenesis and

plant regeneration in cotton (Gossypium hirsutum L.). Plant Cell Rep. 3:178-181.

Tohidfar, M., M. Mohammadi and B. Ghareyazie. 2005. Agrobacterium- mediated transformation of cotton

(Gossypium hirsutum L.) using a heterologous bean chitinase gene. Plant Cell, Tis. and Org. Cult. 83: 83–96.

Trolinder, N. L. and J. R. Goodin. 1987. Somatic embryogenesis and plant regeneration in cotton (Gossypium

hirsutum L.). Plant Cell Rep. 6: 231-234.

Voo, K. S., C. L. Rugh and J. C. Kamalay. 1991. Indirect somatic embryogenesis and plant recovery from

cotton (Gossypium hirsutum L.). In Vitro Cell. Dev. Biol. 27: 117-124.

Zapata, C., S. H. Park, K. M. El-Zik and R. H. Smith. 1998. Transformation of a Texas cotton cultivar by

using Agrobacterium and the shoot apex. Theor. Appl. Genet. 252-256.

Zhang, B. H. 1994a. A rapid induction method for cotton somatic embryos. Chinese Sci. Bull. 39: 1340-1342.

Zhang, B. H. 1994b. List of cotton tissue culture (continuous).Plant Physiol. Communications. 30: 386-391.

Zhang, B. H. 1995. Advance of cotton protoplast culture. J. Sichuan Agric. Univ. 1: 27-33.

Zhang, B. H. 2000. Regulation of plant growth regulators on cotton somatic embryogenesis and plant

regeneration. Biochemistry. 39: 1567.

Zhang, B. H. and R. Feng. 1992. List of cotton tissue culture. Plant Physiol. Communications. 28: 308-314.

Zhang, B. H. and X. L. Li. 1992. Somatic embryogenesis of cotton and its artificial seed production. Acta

Gossypii Sin. 4(2): 1-8.

Zhang, B. H., F. Liu and Q. L. Wang. 2000. Germination of somatic embryos and plant recovery in cotton

(Gossypium hirsutum L.). Int. J. Expt. Bot. 68: 39-46.

Zhang, B. H., Q. L. Wang and F. Liu. 2001a. Phenotypic variation in cotton (Gossypium hirsutum L.)

regenerated plants. Curr. Sci. 81: 1112-1115.

Zhang, B. H., R. Feng, F. Liu and Q. Wang. 2001b. High frequency somatic embryogenesis and plant

regeneration of an elite Chinese cotton variety. Bot. Bull. Acad. Sin. 42: 9-16.

Zhang, B. H., R. Feng, F. Liu and C. B Yao. 1999. Direct induction of cotton somatic embryogenesis. Chinese

Sci. Bull. 44: 766-767.

Zhang, B. H., R. Feng, X. L. Li and F. L. Li. 1996b. Anther culture and plant regeneration of cotton

(Gossypium klotzschianum Anderss). Chinese Sci. Bull. 41: 145-148.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                            11 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


٤،١٣٨٦نهمجلد،"مجله"

313

Zhang, B. H., X. L. Li, F. L. Li and F. G. Li. 1996a. Development of abnormal plantlets and their

normalization during cotton tissue culture. Acta Bot. Sin. 38: 845–852.

Zhang, D. L. and Z. Z. Wang. 1989. Tissue culture and embryogenesis of Gossypium hirsutum L. Acta Bot.

Sin. 31: 161-163.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.4

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
09

-0
7 

] 

                            12 / 13

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.4.1.3
http://agrobreedjournal.ir/article-1-249-fa.html


"..."

٣١٤

Somatic embryogenesis in three cotton (Gossypium hirsutum L.) cultivars

Garousi, Sh1., M. Touhidfar2 K. Kazemi Tabar3, H. Rahimian4 and Gh. Nematzadeh5

ABSTRACT
Garousi, Sh., M. Touhidfar, K. Kazemi Tabar, H. Rahimian and Gh. Nematzadeh. 2008. Somatic embryogenesis in

three cotton (Gossypium hirsutum L.) cultivars. Iranian Journal of Crop Sciences. 9(4): 302-314.

In cotton (Gossypium hirsutum L.) transformation, for regenerating plants from a single cell, an optimized

tissue culture system is necessary. Successful production of transgenic cotton depends on regenerating of many

plants; therefore, somatic embryogenesis was investigated for three cotton cultivars. Hypocotyls of cvs. Sahel,

Varamin and Coker 312 were isolated and placed on two cotton callus induction media containing MSB medium

supplemented with 0.1 mg/l 2,4-D, 0.1 mg/l kinetin, 0.75 g/l MgCl2; and MS medium supplemented with 0.1

mg/l Kinetin and 0.2 mg/l IBA. In medium containing 2,4-D and Kinetin, Sahel and Coker312 explants produced

callus earlier than Varamin and the volume of calli were larger, too. The percentage of callus production for

Sahel cultivar was higher than Varamin. For embryogenesis induction and maturation of embryos, produced calli

were transferred onto MSB medium supplemented with 0.75 g/l MgCl2 and 1.9 g/l KNo3. Numbers of

embryogenic calli for Coker312 were higher than Sahel. Germination of somatic embryos for Coker312 and

Sahel on embryo germination medium containing MSB supplemented with 0.1 mg/l Zeatin and 2 g/l activated

charcoal were earlier than Varamin. Percentage of somatic embryos produced from Coker 312 was higher than

Sahel. For rooting, there were no significant differences among cotton cultivars and five rooting media.

Key words: Cotton, Regeneration, Somatic embryogenesis, Tissue Culture.
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