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Abstract: Callus was initiated from hypocotyl and cotyledon explants of 

seven of commercial Kazakh cotton cultivars on MS medium 

supplemented with 0,1 mg L
−1

 2,4-D and 0,5 mg L
−1

 kinetin. The 

percentage of callus formation ranged from 64,0 to 91,0% for cotyledons 

and from 72 to 90% for hypocotyls. Study of morphological heterogeneity 

peculiarities of metamorphosis and histological structure of calli of cotton 

allowed to identifying seven tissues types and selecting the 

morphologically stable and perspective callus type for embryogenesis. 

Significant differences between the calli types of cotton were found by 

histological and morphological comparative analysis. 
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Introduction  

Morphogenesis in plant cell and tissue culture can 

occur through somatic embryogenesis or organogenesis 

(formation of roots and shoots) (Vasil, 1987). Somatic 

embryogenesis is the main method of micropropagation 

of plants in vitro. 

Somatic embryogenesis is a process in which somatic 
cells of plants reprogrammed and passed through various 

stages of embryogenesis forming embryos (bipolar 
structures) that resemble zygotic embryos (Williams and 
Maheswaran, 1986; Jiménez, 2001). Cotton is one of the 
most recalcitrant species to obtain somatic 
embryogenesis and plant regeneration though 
embryogenic calli, compared with many other crops 

(Sakhanokho et al., 2004; Ghasemi et al., 2007; 2011). 
The first report on inducing somatic embryogenesis in 
cotton (Gossypium koltzchianum) was described by  
Price and Smith (1979). Successful plant regeneration 
from undifferentiated callus of cotton cv. Coker 310 
(Gossypium hirsutum L.) via somatic embryogenesis was 

reported by Davidonis and Hamilton (1983). Regenerated 
plants of cotton have been obtained from several varieties 
such as T25, GSA 78 and Acala with low plant 
regeneration capacity (Rajasekaran et al., 2004). 

Although cotton tissue culture reaches plant 

regeneration through somatic embryogenesis, some 

issues still remain. Genotype dependent response 

restricts the application of cotton in genetic 

transformation (Wilkins et al., 2000). The most of work 

are limited to highly regenerable cotton genotypes cv. 

Coker and its derivatives. The earlier regeneration 

protocol have standardized only for Coker genotypes 

(Ganesan et al., 2006). 
The scientists of many countries studied the 

process of callusogenesis and morphogenesis of 
cotton and tried entry cottons into the world of 
biotechnology (Kumria et al., 2003; Ikram-ul-Haq, 
2005; Wu et al., 2005; Ganesan et al., 2006; Hilarie et al., 
2008; Ghaemi et al., 2011). The main problem limiting 
widespread use of cell technologies for the genetic 
improvement of cotton is high dependency on in vitro 
plant regeneration from the initial genotype. In this 
regard, one of the main tasks of the modern plant 
biotechnology is to identify common cytophysiological 
regularities of in vitro morphogenesis universal for 
different cotton genotypes. In order to understand the 
processes of somatic embryogenesis, it is necessary to 
change the composition of the medium and observe the 
progress in development of embryo using histological 
slides. The present study designed to study the callus 
induction morphological heterogeneity, peculiarities of 
metamorphosis of calli, development of somatic 
embryogenesis of local cotton genotypes.  

Materials and Methods  

Plant Materials  

Plant materials of seven commercially grown cotton 

(Gossypium hirsutum L.) cultivars (Maktaaral-4003, 
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Maktaaral-4005, Maktaaral-4006, Maktaaral-4007, 

Maktaaral-4011, Maktaaral-4019, Paktaaral-3044) were 

provided by the Cotton Growing Research Institute of 

Maktaaral in South-Kazakhstan.  

Seed Sterilization  

Delinted cotton seeds were surface sterilized with 

50% H2SO4 for 5 min, followed by NaOCl (shaken for 

20 min at 110 rpm), rinsed three times with distilled 

sterile water. The sterilized seeds were plated on MS 

(Murashige and Skoog, 1962) medium with 0,1 mg 

L
−1

 kinetin (Kumria et al., 2003) and 1,0% sucrose 

and then cultured in an incubator at 28,0±2,0°С up to 

formation of seedlings.  

Experimental Procedure  

Explants for callus initiation were used segments of 

hypocotyl (0,5-0,7 cm sections) and cotyledon (1,5-2,0 

cm sections) was cut from 5-7 days-old sterile 

seedlings of cotton. These hypocotyl and cotyledon 

segments were aseptically transferred to callus 

induction medium MS supplemented with 0,1 mg L
−1

 

2,4-D and 0,5 mg L
−1

 kinetin (Kumria et al., 2003). 

Explants were incubated 4-5 weeks at 28±2°С 

temperature under 16 h light and 8 h dark (Fig. 1).  

Callus tissues have subcultured for induction of 

somatic embryogenesis on different MS media: 

 

• МS with twice concentration of KNO3 and 3,0% 

maltose 

• МS with 1/5 part of mineral salts and 1,0% maltose;  

• МS with 1,0 mg L
−1

 2,4-D, 500,0 mg L
−1

 l-proline 

and 1000,0 mg L
−1

 casein hydrolysate 

• МS content double strength of mineral elements 

with 1,0 mg L
−1

 2,4-D, 500,0 mg L
−1

 l-proline and 

1000,0 mg L
−1

 casein hydrolysate 

 

Histological sectioning was performed according to 

method of Pausheva (1988). For the histological study, 

different types of callus in three replicates were taken. 

The tissues were fixe in fixative solutions, formalin-

acetic acid-alcohol and then dehydrated in a graded 

ethanol series, chloroform and embedded in paraffin 

wax. The sections were cut in 2,0 µm using a microtome, 

then mounted on the slides and stained with Schiff's 

reagent, hematoxylin and alcian blue (Kamelina et al., 

1992). The stained samples were observed under light 

microscope (Micros MC 300, Austria).  

Results and Discussion  

Explants of all cotton cultivars formed callus tissues 

at high frequencies on MS media with 0,1 mg L
−1

 2,4-D 

and 0,5 mg L
−1

 kinetin. The percentage callus formation 

ranged from 64 to 91% for cotyledons and from 72,0 to 

90,0% for hypocotyls (Fig. 2). 

The histological sections of induction of calli from 

hypocotyl were represented in image (Fig. 3a). The 

hypocotyl tissues consisted of vascular bundle cells of 

trachea and xylem stained by red and blue colors. Callus 

cells appeared on the surface of hypocotyl tissue consist 

of young parenchyma cells (Fig. 3b).  

Previously, there were 7 types of calli identified 

(Bishimbayeva, 2007). The strategy this research work 

development genotype independent regeneration 

technologies, therefore they have been revealed common 

cytophysiological features of the regulation of somatic 

embryogenesis and regeneration on various genotype of 

wheat and barley. Development of genotype independent 

technology in vitro cotton plant regeneration could be 

achieved on this base.  

They differed in the morphology and characteristics: 

I - grayish-white friable morphogenic; II - off-white 

opaque dense nonmorphogenic; III - brown 

nonmorphogenic; IV - grayish-white globular 

morphogenic; V - yellowish translucent friable 

embryogenic, VI - white opaque embryogenic and VII - 

green compact embryogenic calli. In this study, we will 

focus on more details of the metamorphosis and 

histology of callus tissues of cotton.  

After 4 weeks, grayish-white friable morphogenic (I 

type) callus formed grayish-white globular 

morphogenic callus (IV type) (Fig. 3) upon transfering 

to МS medium with double strength of mineral 

elements in addition to 1,0 mg L
−1

 2,4-D, 500,0 mg L
−1

 

l-proline and 1000,0 mg L
−1

 casein hydrolysate. 

Yellowish translucent friable embryogenic (V type) 

callus were obtained from type I callus when it was 

cultured for 4 weeks on МS medium with twice 

concentration of KNO3 and 3,0% maltose (Fig. 4). 

The off-white opaque dense nonmorphogenic (II 

type) and brown nonmorphogenic (III type) calli were 

difficult to subculture as they began to brown and grew 

poorly on the maintenance medium.  

Upon subculture, the grayish-white globular 

morphogenic tissue (IV type) developed two new 

embryogenic calli (VI and VII types). After 4-5 weeks 

subculture on МS medium with 1,0 mg L
−1

 2,4-D, 500,0 

mg L
−1

 l-proline and 1000,0 mg L
−1

 casein hydrolysate 

the IV type callus transferred to white opaque 

embryogenic tissue (VI type). The green compact 

embryogenic callus (VII type) obtained in resulting of 

successive subcultures on MS medium content twice 

concentration of KNO3 and 3% maltose than on MS 

medium with 1/5 part of mineral elements and 1,0% 

maltose according to protocol (Kumria et al., 2003). The 

same metamorphosis ways and types of tissue were used 

for all varieties studied.  
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 (a) (b) 

 
Fig. 1. Primary calli originating from hypocotyl and cotyledon segments after 4-5 week; (а) cotyledon segments (b) hypocotyl 

segments 

 

 
 
Fig. 2. Callus formation from different explants of local cotton cultivars on MS medium supplemented with 0,1 mg L−1 2,4-D and 

0,5 mg L−1 kinetin 

 

 
 
Fig. 3. Hystologycal sections of callus induction from hypocotyl of cotton; (а) explant structure (hypocotyl), (b) induction of callus 

cells from explant;  – vascular bundle cells,  – callus cells 
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Fig. 4. Scheme of metamorphosis of calli of cotton; I - grayish-white friable morphogenic, II - off-white opaque dense 

nonmorphogenic, III - brown nonmorphogenic, IV - grayish-white globular morphogenic, V - yellowish translucent friable 
embryogenic, VI - white opaque embryogenic and VII - green compact embryogenic calli 

 

 
 (a) (b) 

 
Fig. 5. Structure of grayish-white friable morphogenic calli (I type); - meristem cells, - parenchyma cells 

 

In results, the grayish-white friable morphogenic (I 
type) selected as morphological perspective callus type 
and responsive to changes of media composition and 
suitable for embryogenic callus formation. On the 
different media detected variation of colour and density 
of induced embryogenic calli. These results tend to 
support the difference response of plant cells to change 
of media condition that suggest the morphogenesis 
processes in vitro can be regulating.  

With a view to know the initiation of somatic 

embryogenesis and progress of embryo differentiation on 

different media provided histological study. The grayish-

white friable morphogenic callus (I type) composed 

parenchyma cells (50-60 mkm) which covered by 

meristem cells (20-25 mkm) and at the periphery of 

tissues were separated into elongated (105-147 mkm) and 

spherical cells (30-50 mkm) (Fig. 5). The presence of 

meristem cells indicates morphogenetic potential of calli 

and their possibility to somatic embryogenesis induction. 

In the structure of II (off-white opaque dense 

nonmorphogenic) and III types (brown nonmorphogenic) 

of tissues often were found elements of vascular bundle 

cells and centers of root formation. Therefore, these 

tissues considered non-perspective to morphogenesis.  

Histological examination of grayish-white globular 

morphogenic (IV type) callus showing form of globular 

somatic embryo separated from meristematic center of 

tissues. Analysis of the globular somatic embryo detected 

the visible isodiametric cell with prominent nucleus and 

dense cytoplasm that are the characteristic of embryogenic 

cells. Thus, strongly suggest the embryogenic nature of 

this type and characterized as embryogenic callus. Many 

of isolated cells were shaped oval (50-70 mkm), elongated 

(70-110 mkm) and single competent to embryogenesis 

cells (32-42 mkm) at the periphery of tissue. Perhaps, in 

this type of callus, the embryos appeared from 

meristematic centers and isolated single cells at the 

periphery of tissues that characterize both unicellular and 

multicellular origin of embryos (Fig. 6). 

The yellowish translucent friable embryogenic (V 

type) callus consist of a single embryogenic cells (55-65 

mkm), 2-, 3- and 4-cells pro-embryos (100-160 mkm) 

pro-globular somatic embryo (160-200 mkm and 330-

380 mkm) and at the periphery of cell complexes of 

tissue elongated cells (123-141 mkm) (Fig. 7). This type 

of callus characterizes the initiation of somatic embryos 

and begins the differentiation with the formation of pro-
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embryo and pro-globular embryo. However, we did not observe the further stage differentiation of embryo. 

 

 
 
Fig. 6. Histological examination of grayish-white globular morphogenic (IV type) callus; (a) Histological examination globular 

somatic embryo showing globular somatic embryo, (b) isolated cells at the periphery of tissues:  - meristem center, - 
globular somatic embryo, - separate callus cells. 

 

 
 
Fig. 7. Histological aspect of yellowish translucent friable embryogenic (V type) callus; single embryogenic cell;  2-, 3- 

and 4-cells pro-embryos;  pro-globular somatic embryo 

 

 
 (a) (b) 

 
Fig. 8. Histological analysis showing cell complex in yellowish translucent friable embryogenic (V type) callus of cotton; (a) -

isolation of single cells from cell complex, (b) - the presence of cells with signs of cell death in cell complexes 
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Fig. 9. Histological image of white opaque embryogenic (VI type) callus; single embryogenic cell; 2-, 3- and 4-cells 

pro-embryos;  elongated callus cells 

 

 
 

Fig. 10. Histological images of green compact embryogenic callus; competent to embryogenesis cells 

 

Cell complexes of V type callus consist of 

meristematic center and parenchyma cells and cells with 

signs of cell death higher intensity of red-stained with 

Schiff reagent which indicating the changes in the 

nuclear material (Fig. 8a and 8b).  

The image presented in Fig. 9 showed white 

opaque embryogenic VI callus content of single 

embryogenic cells (58-62 mkm) with callose, 2-, 3- 

and 4-cell pro-embryos (96-150 mkm), Embryogenic 

Cell Complexes (ECC) and elongated callus cells 

(158-187 mkm). Single embryogenic cells are rare, 

found most of 2-, 3- and 4-cell pro-embryos with 

prominent nucleus and dense cytoplasm. ECC consist 

from closely linked parenchyma cells.  

In the structure of green compact embryogenic 

(VII type) callus observed ECC, elongated cells (66-

92 mkm), competent to embryogenesis cells (25-32 

mkm) (Fig. 10).  
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Discussion 

One of the main tasks of the modern plant 

biotechnology is to identify common cytophysiological 

regularities of in vitro morphogenesis universal for 

different cotton genotypes. Development of genotype 

independent technology of in vitro plant regeneration 

could be achieved on this base.  

The conditions of callus formation in the culture of 

different explants (cotyledons, hypocotyls) of cotton 

varieties of Kazakh cotton varieties were optimized: 

(Maktaaral-4003, Maktaaral-4005, Maktaaral-4006, 

Maktaaral-4007, Maktaaral-4011, Maktaaral-4019, 

Pakhtaaral -3044) - MS media containing 0.5 mg L
−1

 

kinetin and 0.1 mg L
−1

 2, 4D.  

Morphological heterogeneity and peculiarities of 

metamorphosis callus were studied. The grayish white 

friable (I type) of callus was identified as universal for 

different genotypes which is stable after repeated 

subculturing and promising in terms of morphogenesis.  

During subculturing I grayish white type on primary 

tissue MS medium with twice the concentration of 

macronutrients, 1.0 mg L
−1

 2,4- D, 0.01 mg L
−1

 kinetin, 

1000 mg L
−1

 casein hydrolyzate (GC), 500 mg L
−1

 proline 

and 3% maltose is its metamorphosis to form grayish-

white globular morphogenic callus (IV type). When I type 

subculture grayish-white type of primary tissue MS 

medium with twice the concentration of KNO3 and 3% 

maltose metamorphosis occurs to form a translucent 

yellowish friable embryogenic callus (V type). When 

transferring type IV tissue on a medium with a single 

concentration of macronutrients formed white opaque 

embryogenic callus (VI type). When you save in the 

medium with double macronutrients formed tissue type 

VII - green compact embryogenic.  

Comparative study of the morphology and structures 

of different types of calli of cotton indicates tissue types 

do not only differ in morphology, colours and consistency, 

also in structure, size of cells, presence or absence of 

somatic embryos and their development stages. 

Peculiarities of the structure of various morphotypes 

of callus of local cotton varieties were identified. It has 

been shown that the grayish-white friable morphogenic 

callus (I type) composed parenchyma cells (50-60 mkm) 

which covered by meristem cells (20-25 mkm) and at the 

periphery of tissues were separated into elongated (105-

147 mkm) and spherical cells (30-50 mkm). The 

presence of meristem cells indicates morphogenetic 

potential of calli and their possibility to somatic 

embryogenesis induction.  

Histological analysis indicated that the grayish-white 

friable morphogenic (I type) callus is morphologically 

stable and has perspective tissues with meristematic 

characteristics which designated as meristematic centers 

and embryogenic cells or somatic embryos absence.  

The grayish-white globular morphogenic (IV type) 

callus contains globular somatic embryos and single 

competent to embryogenesis cells are the characteristic 

of embryogenic tissue and subsequently identified as 

embryogenic callus. Histological examination of IV type 

callus showed form of globular somatic embryo from 

tissue. Somatic embryos V, VI and VII types of 

embryogenic calli are at early step of development-

competent to embryogenesis cells and pro-embryos or 

pro-globular stage. Thus, histomorphological aspects of 

embryogenic and non-embryonic callus differs by 

presence or absence of competent to embryogenesis 

cells, somatic embryos and cells with signs of cell death.  

Obtained long-term embryogenic callus tissue of 

local Kazakh cotton varieties, preserving the 

morphogenic potential in repeatedly subculturing which 

had the origin of the single-celled embryos.  

There are not papers describing the earliest stages of 

cotton somatic embryogenesis. Earlier, the appearance of 

cell clumps aggregation of several thousand cells was 

revealed by histology of cotton tissue (Ganesan et al., 

2006). They suggest that this aggregation of cells is an 

indication of the development of embryogenic calli 

subsequently the development of somatic embryo. In this 

study appearance of single embryogenic cells, pro-

embryos, pro-globular and globular somatic embryos 

development were found in tissue culture of cotton.  

Conclusion  

In this study, we were able to perform induction of 

callus tissues from two explants (hypocotyl and 

cotyledon) of seven cotton cultivars on MS media with 

0,1 mg L
−1

 2,4-D and 0,5 mg L
−1

 kinetin. The percentage 

of callus formation ranged from 64 to 91% and 72 to 

90% for cotyledons and hypocotyl, respectively.  

In tissue culture of all tested cotton cultivars, we 

identified seven types of calli (I - grayish-white friable 
morphogenic, II - off-white opaque dense 
nonmorphogenic, III - brown nonmorphogenic, IV - 
grayish-white globular morphogenic, V - yellowish 
translucent friable embryogenic, VI - white opaque 
embryogenic and VII - green compact embryogenic) and 

conducted their histomorphological comparative study.  
The morphological heterogeneity peculiarities of 

metamorphosis and histological structure of callus tissues 
of cotton have been studied. The metamorphosis of calli 
occurs during long-term subculture types of callus tissues. 
The grayish-white friable morphogenic (I type) callus 

exhibited a heterogeneous non embryogenic tissue and 
selected as a morphological stable and perspective for 
morphogenesis by the presence of meristem cells which 
indicates the morphogenetic potential of calli.  

Upon subculture, type I calli on different somatic 

embryogenesis induction media transformed to 

embryogenic calli. Thus, we also suggest the response of 
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plant cells to the change of media composition and the 

morphogenesis processes in vitro can be regulating.  

Histological analysis of the grayish-white globular 

morphogenic (IV type) callus formed globular somatic 

embryos. Somatic embryos in embryogenic calli types V, 

VI and VII at earliest stage of development are capable of 

embryogenesis, pro-embryos, or pro-globular somatic 

embryos. Further research on the progress of developmental 

stages of somatic embryos in identified different types of 

embryogenic calli of cotton is necessary. Morphological 

observation and histological analysis have confirmed the 

embryogenic and non-embryonic callus characterized by 

presence or absence of cells capable of embryogenesis, 

somatic embryos and cells with signs of cell death.  

In results, we have been created the recipient systems 

(cotyledon, hypocotyl, embryogenic callus) may be used 

for the genetic transformation of local cotton varieties.  
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