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Research Article



CALLUS INDUCTION, SOMATIC EMBRYOGENESIS AND PLANT REGENERATION IN COTTON (Gossypium hirsutum L.) S. Rajeswari ,S. Muthuramu,R.Chandirakala,V.Thiruvengadam and T.S.Raveendran



Abstract Cotton is an important fibre crop of the world and it is also a good source of oil and high quality protein meal. Somatic embryogenesis in cotton plays a key role in cotton transformation. Somatic embryogenesis forms the basis of cellular totipotency in higher plants. Four cotton cultivars viz., MCU 5, MCU 12, MCU 13 and SVPR 2 along with two model varieties viz., Coker 310 and Coker 312 were used to assess the somatic embryogenic efficiency. Hypocotyl and cotyledonary leaves were used as explants for callus induction. Hypocotyl was found to be the best for in vitro study. Coker 312, MCU 13, Coker 310 and MCU 12 responded well for callus induction. Coker lines alone responded well for somatic embryogenesis. The best medium for proliferation of callus was standardized as MS + 0.1 mgl-1 2,4-D + 0.5 mgl-1 kinetin. Among the different combinations tried, MS + 1.9 gl-1 KNO3 was found suitable for somatic embryogenesis. An efficient protocol for the production of high frequency of callus and somatic embryos of cotton has been developed. Key words: Cotton, caulogenesis, somatic embryogenesis, plant regeneration.



Introduction Cotton (Gossypium hirsutum L.) is a well-known fibre crop, particularly important in textile industry and also cultivated for its seed oil. Because of its high economic value considerable attention has been paid to improve cotton plant by conventional plant breeding methods. However genetic improvement of cotton through conventional means is limited due to many factors like absence of necessary variation, especially against the pests and diseases causing major threats to cotton plant. Plant tissue culture provides an alternative mean of improvement. In vitro culture can also be utilized for cotton genetic and physiological development and improvement. Recently, major efforts have been directed towards the introduction of new agricultural traits through genetic engineering. Insect resistance is one the most important goal for the cotton improvement. Insecticidal protein genes of Bacillus thuringiensis var. kurstaki have been incorporated into cotton cultivar Coker-312 via Centre for Plant Breeding and Genetics Tamil Nadu Agricultural University Coimbatore – 641 003.



Agrobacterium tumefaciens mediated transformation (Perlak et al., 1990). However, majority of these reports pertain to Coker cultivars which are not cultivated in India. Since India occupies a position among the top five cotton producing countries in the world, concerted efforts are being made to develop transgenic cotton varieties of our local cultivars. It requires the availability of effective regeneration system through somatic embryogenesis which is quite difficult in cotton. Cotton regeneration was first observed in Gossypium hirsutum cv. Coker 310 (Davidonis and Hamilton, 1983) since then major work has been carried out for the development of protocol for an efficient regeneration system in cotton. Several scientists have successfully produced somatic embryoids and multiple shoots using various methods and media from somatic tissues of cotton plants. Although efficiency of cotton regeneration have been significantly improved but some difficulties still remains. Regeneration in cotton is limited to few cotton cultivars (Trolinder and Xhixian, 1989). Although suitable tissue and cell culture techniques have been formulated for inducing somatic embryogenesis and regeneration of plants for series of Coker cultivars and have led to the production of
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transgenic cotton plants but application of these techniques to other commercial varieties is yet to be demonstrated. Hence the present investigation was undertaken to study in vitro callus induction, somatic embryogenesis and plant regeneration in four local cotton cultivars along with Coker 310 and 312.



CIM10 - MS + 0.1 mgl-1 NAA + 0.5 mgl-1 kinetin CIM11 - MS + 0.3 mgl-1 NAA + 0.3 mgl-1 kinetin CIM12 - MS + 0.3 mgl-1 NAA + 0.5 mgl-1 kinetin CIM13 - MS + 0.1 mgl-1 NAA + 0.1 mgl-1



Materials and methods The varieties MCU 5, MCU 12, MCU 13 and SVPR 2 were used as target genotypes. Besides, the already proven varieties Coker 310 and Coker 312 were also used in this study. Germination efficiency was checked before the start of the experiments which was more than 90% from all the cultivars tested. Seeds were delinted using concentrated sulfuric acid @ 15 ml/100 g of seeds. Lint was removed completely. Seeds were washed with water, sun dried and used as and when required. For sterilization, the seeds were first dipped in 70% ethanol for 1 min and then washed three times with sterile distilled water. They were again surface sterilized with 0.1% HgCl2 for 10 min followed by three washes with sterile distilled water. The surface sterilized seeds were plated onto half strength MS (Murashige and Skoog, 1962) basal medium supplemented with 15 g/l sucrose and 0.8% agar. Hypocotyl and cotyledonary leaves were chosen as explants from the aseptically grown seedlings for the present study. Hypocotyl sections (4-6 mm) and cotyledon pieces (15 mm2) were excised from 7 d old seedlings and were plated onto a Petridish containing callus induction medium supplemented with different concentrations and combinations of plant growth regulators for the induction of callus. The sixteen treatments are as follows; CIM1- MS + 0.1 mgl-1 2,4-D + 0.3 mgl-1 kinetin CIM2 - MS + 0.1 mgl-1 2,4-D + 0.5 mgl-1 kinetin CIM3 - MS + 0.5 mgl-1 2,4-D + 0.3 mgl-1 kinetin CIM4 - MS + 0.5 mgl-1 2,4-D + 0.5 mgl-1 kinetin CIM5 - MS + 0.1 mgl-1 picloram + 0.1 mgl-1 kinetin CIM6 - MS + 0.1 mgl-1 picloram + 0.5 mgl-1 kinetin CIM7 - MS + 0.5 mgl-1 picloram + 0.1 mgl-1 kinetin CIM8 - MS + 0.5 mgl-1 picloram + 0.5 mgl-1 kinetin CIM9 - MS + 0.1 mgl-1 NAA + 0.3 mgl-1 kinetin



zeatin CIM14 - MS + 0.1 mgl-1 NAA + 0.5 mgl-1 zeatin CIM15 - MS + 0.3 mgl-1 NAA + 0.1 mgl-1 zeatin CIM16 - MS + 0.3 mgl-1 NAA + 0.5 mgl-1 zeatin After two months, the calli were separated from the explants and were transferred onto the MS basal medium to allow them for maturation. The calli were maintained on the same medium for about two months before transferring onto the somatic embryo induction medium. After the maturation of calli, they were transferred onto different media compositions for the induction of somatic embryogenesis which are as follows; SEM 1 – MS + 1.9 gl-1 KNO3 SEM 2 – MS + 1.65 gl-1 NH4NO3 SEM 3 – MS + 2.0 gl-1 glutamine The bipolar torpedo stage and cotyledonary stage somatic embryos (more than 5 mm) with well developed cotyledons or with just an apical dome and with or without root system were transferred to regeneration medium for shoot elongation and root development. When the plantlets attained adequate growth by producing 4-6 leaves with sufficient root system, they were removed and washed in running tap water carefully to remove the media adhering to roots. They were subsequently transplanted in pots containing sterilized soil. The plants were covered with polyethylene bags and kept in the culture room. After 15 days, the polyethylene bags were removed and well established plants were transferred to transgenic greenhouse. Observed data on callus induction, somatic embryogenesis and organogenesis were statistically analyzed and tabulated. Results and discussion Tissue culture responsiveness is highly genotype dependent. Significant genotypic differences in callus induction response were observed among the cotton genotypes investigated (Table 1.). Coker 312 clearly showed the best caulogenesis response followed by MCU 13, Coker 310 and MCU 12. The least
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responsiveness observed in SVPR 2. Caulogenesis response in cotton genotypes seem to be related to the differential sensitivity of tissue to caulogenesis medium. Similarly, several authors mentioned the influence of the genotype in cotton callus induction (Zouzou et al., 1997 and 2000; Sun et al., 2006; Kouakou et al., 2007; Zouzou et al., 2008). These genotypic differences with respect to callus induction were also observed in many other plants (Lee et al., 2004; Wang et al., 2004; Burbulis et al., 2007; Zouzou et al., 2008). Two kinds of explants were cultured in vitro to find out the most suitable explant for callus induction. Both hypocotyls and cotyledonary leaf explants showed callusing and sometimes the texture of the calli were non-organogenic (hard green), which on further subculturing declined to grow. Among the explants tested, hypocotyl was found to be best for callus induction (Table 1.). This is in agreement with results published by several authors who showed that hypocotyls is more caulogenic compared to other explants (Peter and Swenner, 1993; Zhang et al., 2001; Han et al., 2009). One of the most important factors governing the caulogenesis is the combination of hormones in the culture medium. A range of hormone regimes were tested for callus induction via hypocotyls and cotyledonary leaf segments. The results indicated that all treatments induced callus. However, differences based on hormone regimes and nature of the explants were observed. Based on the higher frequency of callus induction, top six hormonal combinations viz., CIM1, CIM2, CIM5, CIM10, CIM12 and CIM16 were shown in Table 1. The percentage of callus induction was increased with MS + 0.1 mgl-1 2,4-D + 0.5 mgl-1 kinetin (CIM2). Furthermore, low concentration of 2,4-D (auxin) and high concentration of kinetin (cytokinin) stimulated the proliferation of cotton callus. In previous reports, 2,4D was an essential hormone for the induction of caulogenesis in cotton and other plants (Zhang, 2000; Wang et al., 2004; Sun et al., 2006; Burbulis et al., 2007; Zouzou et al., 2008). The present investigation indicates that apparently only auxin (Trolinder and Goodin, 1987) or cytokinin (Zhang et al., 2001) is necessary to obtain callus. Whether this is true for certain Gossypium species, it should be noted that auxin and cytokinin combination is suitable to obtain more vigorous and friable callus. In this study, MS + 0.1 mgl-1 2,4-D + 0.5 mgl-1 kinetin was found to be the best combination of hormones to induce callus in



cotton. These results were in accordance with those of several authors which reported the efficiency of this hormone regime for cotton callus induction (Zouzou et al., 2000; Kouakou et al., 2007; Zouzou et al., 2008).Genotype dependence is one of the important factors that restrict somatic embryogenesis and plant regeneration. The most responsive genotypes are model varieties, especially cultivars ‘Coker’ lines that are no longer cultivated by farmers. In this study also indicated that similar phenomenon and somatic embryogenesis observed only in Coker 310 and Coker 312 genotypes. Embryo induction rate was high in the medium supplemented with 1.9 gl-1 KNO3 (SEM1) than the other combinations studied (Table 2.). There is some indication that in addition to the importance of NO3- in the enhancement of the cell growth and somatic embryo induction percentage, K+ may also play a key role in these processes. Meanwhile KNO3 may be more helpful in somatic embryo maturation rather than somatic embryo induction. In the present study, the accumulation of small amounts of anthocyanins was noticed in callus and embryo cultures. It may be a good indicator of regeneration because the embryogenic callus under stress of the KNO3 is converted to the somatic embryos with the development of anthocyanin (Mishra et al., 2003). However, other reports indicate that anthocyanin production may be influenced by different factors such as UV, light, nitrogen source, type of sugar, osmotic stress, temperature, elicitor conditioning and phytohormone conditions (Zhang et al., 1998). Upto now, the media used in some studies were still far from ideal since embryogenesis could not be initiated in many genotypes especially in recalcitrant genotypes with the protocols available (Zhang et al., 1994; Wu et al., 2004; Han et al., 2009). Therefore, it is essential to establish a genotype dependent regeneration system for such cotton genotypes. Comprehensive in vitro regulation by use of hormones, chemicals, and amino acids at different stages may be the key factors for obtaining regenerated plants from recalcitrant genotypes (Wang et al., 2006). In this study, somatic embryogenesis was observed in Coker 310 and Coker 312 and successful regeneration system of these cultivars also obtained. Though the recalcitrant genotypes namely MCU 5, MCU 12, MCU 13 and SVPR 2 were not embryogenic responsive, response of Coker lines was advantageous to develop transgenic cotton genotypes by backcrossing the transformants with agronomically feasible Indian cotton
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cultivars.Conditions for callus induction in cotton (Gossypium hirsutum L.) were optimized in this study. Caulogenesis showed range of responses depending on growth regulators combinations and concentrations. It has resulted from the study that MS medium containing 0.1 mgl-1 2,4-D + 0.5 mgl-1 kinetin was optimal to induce callus and MS medium supplemented with 1.9 gl-1 KNO3 was found to be most suitable for embryogenesis in cotton. The induction of callus from hypocotyls was better than that from cotyledonary leaves. Caulogenesis and embryogenesis were genotype dependent in cotton. References Burbulis, N., A. Blinstrubiene, A. Sliesaravicius and R. Kupriene. 2007. Some factors affecting callus induction in ovary culture of flax (Linum usitatissimum L.). Biologia 53:21-23. Davidonis, G. H. and R. H. Hamilton. 1983. Plant regeneration from callus tissue of Gossypium hirsutum L. Plant Sci Lett. 32: 89-93. Han, G.Y., X.F. Wang, G.Y. Zhang and Z.Y. Ma. 2009. Somatic embryogenesis and plant regeneration of recalcitrant cottons (Gossypium hirsutum L.). African J. Biotechnol. 8(3): 432-437. Kouakou, T. H., T. P. Waffo, Y. J. Kouadio, J. Valls, R. Tristan, A. Decendit and J. M. Merillon.. 2007. Phenolic compounds and somatic embryogenesis in cotton (Gossypium hirsutum L.) Plant Cell Tissue Org Cult. 90: 25–29. Lee, S., B. Kim, S. Won, J. Jo, K. Kim, G. Park, B. Sung, H. Lee and B. Lee. 2004. Factors affecting callus induction and plant regeneration from mature seed of zoysia grass (Zoysia japonica Steud.). J Kor Soc Gras Sci 24 (1):29-36. Mishra, R., H.Y. Wang, N.R. Yadav and T.A. Wilkins. 2003. Development of a highly regenerable elite Acala cotton (Gossypium hirsutum cv Maxxa) – a step towards genotype -independent regeneration. Plant Cell Tissue Organ Cult. 73: 21-35. Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with tobacco tissue cultures. Physiol Plant 15:473-479. Peter, M. and R. Swenner. 1993. Cotton biotechnology, State of Art. In: African Crop Science Society (eds) Proceedings of 1st African Crop Science Conf., Kampala, Uganda, pp. 1-16. Perlak, F. J., A. W. Deaton, T. A. Armstrong, R. L. Fuchs, S. A. Sims, J. T. Greenplate and D. A. Fischhoff. 1990. Insect resistant cotton plants. Biotechnol. 8: 939-943. Sun, Y, X. Zhang, C. Huang, X. Guo, Y. Nie. 2006. Somatic embryogenesis and plant regeneration from different wild diploid cotton (Gossypium) species. Plant cell Rep. 25 (4):289-296. Trolinder, N. L. and C. Xhixian. 1989. Genotype specificity of the somatic embryogenesis response in cotton. Plant Cell Rep. 8: 133-136.



Trolinder, N. L. and J. R. Goodin. 1987. Somatic embryogenesis and plant regeneration in cotton (Gossypium hirsutum L.). Plant Cell Rep. 6:231234. Wang, J, Y. Sun, J. Hu and G. Cui. 2004. Factors affecting the frequencies of callus induction and plantlet regeneration in maize immature embryo culture. Acta Agron Sin 30:398-402. Wang,Y. X., X. F. Wang, Z. Y. Ma, G. Y. Zhang and G. Y. Han. 2006. Somatic embryogenesis and plant regeneration from two recalcitrant genotypes of Gossypium hirsutum L. Sci. Agric. Sin. 5(5): 323-329. Wu, J. H., X. L. Zhang, Y. C. Nie, S. X. Jin, S. G. Liang. 2004. Factors affecting somatic embryogenesis and plant regeneration from a range of recalcitrant genotypes of Chinese cotton (Gossypium hirsutum L.). In Vitro Cell Dev. Biol. Plant 40(8): 371-375. Zhang B.H., R. Feng, F. Liu, D. Y. Zhou and Q. L. Wang. 2001. Direct somatic embryogenesis and plant regeneration from cotton (Gossypium hirsutum L.) explants. Isr. J. Plant Sci. 49(3): 193-196. Zhang, B. H. 2000. Regulation of plant growth regulators on cotton somatic embryogenesis and plant regeneration. Biochemistry 39:1567. Zhang, J. M., J. Z. Sun, J. L. Liu, X. L. Zhang. 1994. Studies on plant regeneration from somatic cell and transferring technique of plantlets in upland cotton. Acta Agron. Sin. 20(2): 210-216. Zhang, W., M. Seki and S. Furusaki. 1998. Anthocyanin synthesis, growth and nutrient uptake in suspension cultures of strawberry cells. J. Ferment Bioeng. 86: 72-78. Zouzou, M, T. Kouakou, M. Kone, M. Peeters and R. Swennen. 1997. Callogenese chez le cotonnier cultive en Cote d'Ivoire: effets position explant hypocotyle, varietes, source de carbone et régime hormonal. In: African Crop Science Society (eds) Proceedings of 3rd African Crop Science Conference, Kampala, Uganda, pp. 1489-1494. Zouzou, M., T.H. Kouakou, M. Kone, N.G. Amani and Y.J. Kouadio. 2008. Effect of genotype, explants, growth regulators and sugars on callus induction in Cotton (Gossypium hirsutum L.). Australian J. Crop Sci. 2(1): 1-9. Zouzou, M., Y. J. Kouadio, M. Kone, T. H. Kouakou and D. O. Denezon. 2000. Callogenese chez Gossypium hirsutum L.: effets cultivar, conditions de culture et type de matériel. Biot Rev Int Sci Vie Terre 1 (1):48-56.
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Table 1. Effect of genotype, explant and hormonal combinations on callus induction frequency.



Medium



MCU 5 Leaf Hypo 40.60 42.44 72.60 74.65 42.50 46.40 45.34 47.24 41.34 45.74 47.24 52.04 G E 0.137 0.078 0.268 0.155



CIM1 CIM2 CIM5 CIM10 CIM12 CIM16 SEd CD(P=0.05)



MCU 12 Leaf Hypo 45.32 48.04 82.12 84.32 57.10 62.30 48.16 54.24 36.45 39.32 52.82 56.16 M GxE 0.306 0.193 0.6 0.379



Callus Induction Frequency (%) MCU 13 SVPR 2 Leaf Hypo Leaf Hypo 40.60 68.42 32.56 34.58 86.20 88.30 62.36 65.86 56.60 58.10 28.55 33.68 50.18 54.68 36.14 45.86 46.60 49.32 36.72 39.94 55.24 59.96 44.30 46.34 ExM GxM GxExM 0.432 0.749 1.059 0.849 1.47 2.079



Coker 310 Leaf Hypo 54.40 55.52 83.80 84.70 48.60 51.24 48.12 53.46 48.76 49.12 56.74 61.34



Coker 312 Leaf Hypo 56.35 58.34 89.70 93.30 53.24 55.50 52.60 58.60 47.50 50.26 58.60 65.48



(G - Genotype; E – Explants; M – Medium; Leaf = Cotyledonary leaves and Hypo = Hypocotyls)



Table 2. Effect of hormonal concentrations on somatic embryogenesis in Coker 310 and Coker 312.



Medium SEM1 SEM2 SEM3



Frequency of embryogenic calli induction (%) Coker 310 Coker 312 67.65 70.30 50.25 53.65 35.45 39.40



Frequency of somatic embryo induction (%) Coker 310 Coker 312 28.30 31.50 17.20 20.35 10.50 11.35



Frequency of somatic embryo maturation (%) Coker 310 Coker 312 16.50 19.80 6.50 8.90 3.80 5.20



E



M



ExM



E



M



ExM



E



M



ExM



SEd



0.233



0.436



0.617



0.115



0.216



0.305



0.067



0.126



0.179



CD(P=0.05)



0.477



0.893



1.264



0.236



0.442



0.626



0.138



0.259



0.367



(E – Explants; M – Medium)
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