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Abstract - The present study was designed to carry out to 

evaluate the histochemical changes during the 

development of somatic embryos from embryogenic 

callus of male flower buds of banana cv. Neypoovan. The 

callus of male flower buds was taken at different stages 

of growth intervals to analyze the parameters for 

induction of embryogenesis. Histological sections were 

used for comparison of the histochemical changes 

occurring during the development of somatic embryos 

from embryogenic callus of male flower buds of banana 

cv. Neypoovan. In conclusion, our study findings 

revealed that the presence of higher amounts of 

biomolecular substances such as insoluble 

polysaccharides, proteins and nucleic acids in 

embryogenic calli and somatic embryos of male flower 

buds of banana cv. Neypoovan. Furthermore, our study 

revealed that somatic embryos in banana cv. Neypoovan 

were formed but failed to germinate into plantlets. 

 

Index Terms - Banana cv. Neypoovan, Histochemical 

changes, Polysaccharides, Protein, Nucleic acids. 

 

INTRODUCTION 

 

Banana is perhaps the main food crops on the planet. 

It is cultivated in excess of 130 nations and is a 

significant staple yield for a great many individuals in 

a few developing localities of the world [1]. Banana 

and plantain involve 10.3 million ha and the total 

production was assessed at 139 million tons in 2012 

[2]. Proliferation through traditional planting materials 

in banana is moderate paced because of a low number 

of suckers [3]. On the other hand, rapid production of 

healthy planting material of wanted clones, inside a 

brief time frame period, can be worked with by huge 

scope micropropagation through tissue culture 

utilizing shoot tips. Despite the fact that few such 

reports in a banana are accessible, business 

micropropagation of AAB clones in-vitro is restricted 

because of helpless augmentation rate when contrasted 

with AAA clones. 

Embryogenic cell suspension (ECS) cultures have 

been found to display great regeneration response in 

the distinctive genome bunches in banana. Further cell 

suspension can bring about enormous scope 

enlistment of somatic embryo which can be recovered 

into plants. Micropropagation utilizing banana male 

flower meristems has likewise been accounted for in 

before contemplates [4]. In bananas and plantains 

various sorts of explants, for example, shoot tip [5], 

zygotic embryos [6], multiplying meristems and scalps 

[7] and youthful male blossoms [4] have been 

attempted to create and recover plants from ECS. Of 

these explants, youthful male blossoms seem, by all 

accounts, to be the most responsive beginning material 

for starting ECS and plant recovery. Furthermore, the 

ECS is the most reasonable material for hereditary 

control through change [7]. In this association, a 

comprehension of somatic embryogenesis and the 

accomplishment in the utilization of biotechnological 

research can't be accomplished if the morphogenesis 

cycle isn't all around fathomed. It needs to recognize 

the cell related with acceptance measure and the 

arrangement of construction fit for coordinated 

development and possible advancement into the plant.  

Somatic embryo induction and progression can be 

approving utilizing histological and histochemical 

investigation [8]. With this utilization of the method, 

it is feasible to assess the development and expansion 

of calli and suspension by means of somatic 

embryogenesis [9]. Furthemrore, somatic 

embryogenesis of banana cultivars of various groups 

has been effectively accomplished [10-12], 

nonetheless, the change into plants is as often as 
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possible low, subsequently restricting its relationship 

with hereditary change methods. The portrayal of the 

various phases of the embryogenic cycle can assist 

with identifying conceivable restricting strides just as 

to find the embryogenic regions in the explant. This 

can aid the meaning of methodologies for hereditary 

control of the material. Hence, the present study was 

designed to carry out to evaluate the histochemical 

changes during the development of somatic embryos 

from embryogenic callus of male flower buds of 

banana cv. Neypoovan. 

 

II. METHODS AND MATERIALS 

 

MATERIALS 

The callus of male flower buds were taken at different 

stages of growth intervals to analyze the parameters 

for induction of embryogenesis. Embryogenic, non-

embryogenic callus and somatic embryos of banana 

cvs. at successive stages of development were used for 

the present study. 

 

HISTOCHEMICAL ANALYSIS 

Fixation and killing of the callus were done in FAA 

(formalin, acetic acid and ethyl alcohol in the 

proportion of 90:5:5 by volume) for a period of 24 to 

48 hours. The fixed material was washed with 70% 

alcohol and dehydrated using different grades of 

alcohol such as 70%, 80%, 90% and absolute alcohol 

for a period of 24 hours in each treatment. They were 

further dehydrated using ethyl alcohol and n-butanol 

in the ratio of 3:1, 1;1, 1:3. Paraffin wax of 58-60oC 

melting point was opted for infiltration and further 

embedding samples. Thin sections of 10-15 µm 

thickness were taken with the help of a rotatory 

microtome. Deparaffinisation is a prerequisite for 

staining any slide. The slides were deparaffinised 

using xylene. The deparaffinised sections were 

subjected to histochemical staining for the localization 

of different cellular compounds viz., total insoluble 

polysaccharides, total insoluble proteins and nucleic 

acids, cytoplasm and nucleus by using standardized 

protocols and techniques. 

 

III. RESULTS 

 

Histochemical analysis of embryogenic callus and 

somatic embryos of banana cv. Neypoovan was done 

to localize the macromolecules like insoluble 

polysaccharides, proteins, nucleic acids (Table 1 & 2; 

Plate 1, 2 & 3). 

Table 1: Comparative histochemistry of biomolecules 

during formation of embryogenic callus from male 

flower buds of banana cv. Neypoovan 

Biomolecules 
Callus 

cells 
Epidermis 

Developing 

proembryos 

at periphery 

DNA ++ + +++ 

RNA ++ + +++ 

Total proteins ++ + +++ 

Total insoluble 

polysaccharides 
++ + +++ 

+++: Intense; ++: Rich; +: Poor 

Table 2: Histochemical changes during somatic 

embryo formation from male flower buds of banana 

cultivar Neypoovan 

Biomolecules 
Globular 

embryo 

Cordate 

embryo 

Mature 

embryo 

DNA +++ +++ ++ 

RNA +++ +++ ++ 

Total proteins +++ +++ ++ 

Total insoluble 

Polysaccharides 
+++ +++ ++ 

+++: Intense; ++: Rich; +: Poor  

 

TOTAL POLYSACCHARIDES 

The embryogenic callus and somatic embryos showed 

intense pink colour at the meristematic zones as well 

as wall region of the meristemoids. The meristematic 

zones showed presence of starch in few yellow 

nodular callus but starch was absent in the 

meristematic zone of other nodular callus. Some of the 

non-meristematic parenchymatous regions also 

showed intense total insoluble polysaccharide. But 

localization was not uniform in embryogenic callus 

(plate -1, figure a-d). 
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Plate-1 

Figs. a-d Sections of somatic embryos stained with 

per-iodic acid schiffs reagent for localizing insoluble 

polysaccharides during different developmental stages 

in banana cv. Neypoovan. 

a. Primary globular somatic embryo showing 

intense accumulation of insoluble 

polysaccharides.  

b. Mitotic cell division in the proliferating somatic 

embryos   showing intense localization of starch. 

c. The origin of secondary somatic embryo on 

epidermal cell of primary somatic embryo. 

d. Primary globular somatic embryo showing 

intense accumulation of insoluble 

polysaccharides towards periphery and 

procambial region in the centre.  

 
Plate-2 

Figs. a-d Sections of embryogenic callus showing 

origin of proembryos from embryogenic callus, 

stained with Mercuric Bromophenol Blue for 

localizing proteins in banana cv. Neypoovan.  

a. Intense localization of insoluble proteins in the 

somatic embryo. 

b. Globular and heart shaped epidermised somatic 

embryos with intense localization of proteins. 

c. Intense localization of insoluble protein granules 

in all the cells of proembryo. 

d. Gradual enlargement of proembryos showing 

insoluble protein accumulation at periphery.  

 

Plate-3 

Figs. a-d Sections of somatic embryos showing 

different stages of development stained with Toluidine 

blue for localization of nucleic acids in banana cv. 

Neypoovan.  

a. Fused somatic embryos showing provasculature 

with intense accumulation of RNA and DNA. 

b. Somatic embryos of globular and heart shape 

showing rich localization of RNA and DNA.  

c. Somatic embryos showing fused provasculature 

with Plumule like region.   

d. Fused somatic embryogenic cluster showing 

localization of nucleic acids.  

 

TOTAL PROTEINS  

The meristematic embryogenic callus showed intense 

total insoluble proteins (Plate 2, Figure. a-d). The 

parenchymatous zone of embryogenic callus and 

somatic embryos showed intense total insoluble 

proteins. 

 

NUCLEIC ACIDS 

Histochemical analysis of embryogenic callus and 

somatic embryos showed intense RNA accumulation 

at the meristematic zones and the parenchymatous 

regions of embryogenic callus showed good staining 

for nucleic acids The somatic embryos showed intense 

staining for nucleic acids (Table 2) (plate-3, figures a-

d). 

Overall, histochemical observations of embryogenic 

callus and somatic embryos of banana cv. Neypoovan 

revealed the intense accumulation of total insoluble 

polysaccharides, total proteins, and nucleic acids in the 

embryogenic callus and somatic embryos.  

 

IV. DISCUSSION 

 

Histochemical localization of insoluble 

polysaccharides was noted in the fringe locale of 

embryogenic callus and somatic embryos of male 

flower buds of banana cv. Neypoovan. Thomas et al 

believed starch to be a pointer of the improvement of 

tissue towards somatic embryogenesis [13]. For sure, 

different works have shown that prior to following 

organogenesis or embryogenesis the cells orchestrate 

and store extensive measures of starch [14, 15]. It has 

been recommended that starch might work as a fuel 

source during serious meristematic movement or may 

give osmotica as free dissolvable sugars [16]. Starch 
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debasement brings about the development of 

glycolytic intermediates that will along these lines 

catabolized and yield high measures of ATP [17]. 

Mikula et al reported that the ultrastructural 

investigation of embryogenic callus of Gentiana 

punctata. They noticed distinct accumulation of starch 

in the fringe region of embryogenic callus which 

brought about somatic embryos, even in our current 

work particular starch rich fringe zones in 

embryogenic callus and somatic embryos were noticed 

[18]. Dhed'A et al revealed in suspension cultures of 

banana cv. Bluggoe, starch granules and proteins were 

seen from single cell to globular and mature phases of 

substantial undeveloped organisms got from scalp 

[19]. Notwithstanding, rather than discoveries of our 

investigation Escalant et al reported absence of starch 

in the developmental stages and localized presence in 

the mature embryos [20]. Furthermore, presence of 

starch in the unicell / multicells which forms somatic 

embryo has been reported in plants like cork oak [21], 

sugarcane [22], Cassava [16], highlighting the 

importance of starch in the ontogeny of somatic 

embryos. Many reports suggested that starch 

deposition in the matured somatic embryo is necessary 

for germination into normal plant as in Norway spruce 

[23], bamboo [24], in Hevea brazilensis [15]. 

Neumann reported that a continuous change in the 

composition of the protein moiety occurs with 

initiation and termination of protein synthesis of one 

or other group in a sequential and hierarchical pattern 

during the induction of somatic embryogenesis in 

carrot. Similarly, in our work we have noted the 

presence of protein in embryogenic callus and somatic 

embryos of banana cv. Neypoovan [25].  

According to Misra et al seed storage proteins are the 

source of amino acids for new proteins needed in 

germination. Storage proteins are located in protein 

bodies that may contain amorphic proteins such as 

enzymes, phytase containing globoids as well as 

protein crystals [26]. Leal and Misra, considered that 

accumulation of storage protein to be a marker of 

zygotic embryo maturation [27]. In embryos, proteins 

start to accumulate during later stages of rapid growth. 

Their synthesis declines during desiccations and late 

embryogenesis abundant (LEA) proteins increases 

[28]. Presence of proteins in the cells which develop 

into somatic embryos similar to our work have been 

reported in cell suspension culture of banana cvs. by 

number of authors like Dhed’A et al, Escalant et al, 

Grapin et al [12,19,20]. They have reported that 

protein rich cells will develop into somatic embryos of 

banana cvs. Distinct accumulation of proteins at the 

peripheral meristematic zone, in this study indicate the 

cells were preparing for cell division and for further 

growth of somatic embryos in accordance with the 

report by Michaux-Ferriere et al in Hevea brasiliensis 

[15].  

According to Hu et al, before embryogenic cells were 

formed the synthesis of RNA was activated first 

followed with increase of synthesis rates of DNA and 

protein [29]. The histochemical and ultrastructural 

properties of meristematic zones during somatic 

embryogenesis suggest intense RNA synthesis and 

metabolic activity as stated by Maheshwaran and 

Williams et al in Trifolium [30]. Similar results were 

seen in the histochemical sections of embryogenic 

callus and somatic embryos of banana cv. Neypoovan.  

In the present histochemical study, RNA localization 

was seen prominently in the peripheral meristematic 

zone of embryogenic callus, embryo formation stage 

showed least localization of RNA. Whereas DNA was 

seen in embryogenic calli which was in contrast with 

the findings of Hu, Z. et al. [29]. According to them 

during formation of globular embryo, DNA synthesis 

reached peak then the activities of RNA and protein 

reached the peak. Increased RNA synthesis was also 

observed ultra-structurally by Mikula et al in Gentiana 

punctata during somatic embryogenesis [18]. Specific 

changes in nucleotide biosynthesis during carrot 

somatic embryogenesis was reported by Claudio 

Stasolla et al [31].  

 

V. CONCLUSION 

 

In conclusion, our study findings revealed that the 

presence of higher amounts of biomolecular 

substances such as insoluble polysaccharides, proteins 

and nucleic acids in embryogenic callus and somatic 

embryos of male flower buds of banana cv. 

Neypoovan. Furthermore, our study revealed that 

somatic embryos in banana cv. Neypoovan were 

formed but failed to germinate into plantlets.   
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