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Introduction 

Rice (Oryza sativa L.) is amenable to in vitro callus induction and 

shoot regeneration. The prolific induction of callus, followed by high 

frequency regeneration is pre-requisite for genetic transformation 

and genome editing experiments (1). The shoot regeneration is 

influenced by several factors such as, type of explant, plant growth 

regulators, culture conditions etc. (2). Amongst these, the plant 

growth regulators have a role in determining the type of cells            

(e.g. embryogenic or non-embryogenic) that develop from the 

explant(s) by controlling the degree of de-differentiation and                 

re-differentiation (3). The accurate identification of embryogenic 

cells can be achieved by examining spatial and temporal aspects of 

in vitro induced callus through histology (4). 

 The actively dividing meristematic cells in embryogenic 

callus give rise to pro-embryos. Pro-embryo is the earliest 

morphologically distinguishable stage in somatic embryogenesis. 

Subsequently, somatic embryos are formed following 4 distinct 

stages viz. globular, heart-shaped, torpedo-shaped and 

cotyledonary (5, 6). The cell structure analyses of rice calli have 

provided insights into somatic embryogenesis and shoot 

regeneration (7). These analyses have mainly focussed on specific 

developmental stage rather than addressing the entire shoot 

regeneration process. However, a comprehensive histological and 

morphological analysis of the entire developmental process 

involved in shoot regeneration from rice callus is required to identify 

abnormal developments and enable application of optimized 

conditions for enhancing regeneration efficiency (8). The histology of 

callus cultures can facilitate early differentiation of embryogenic calli 

from non-embryogenic calli and furnish ample information on the 

regeneration capacity of the callus cultures (9). 

 In the present study, histological and morphological analysis 

of shoot regeneration from scutellum epithelial tissue-derived rice 

callus was carried out. The microscopic examination of callus 

sections revealed distinct embryogenic and non-embryogenic 

regions. The embryogenic regions developed into pro-embryos and 

somatic embryos. These differentiated and developed to form leaf 

primordia-like structures. The presence of these structures in large 

numbers was indicative of higher shoot induction frequency. The 

study provides systematic examination of the ultrastructure of calli, 

thus aiding in the early selection of embryogenic regions suitable for 

subsequent shoot regeneration.  

 

Materials and Methods 

Plant material 

Mature seeds of indica rice cultivar PR 126 were used as explants for 
establishing callus cultures. The seeds were obtained from the 

Department of Plant Breeding and Genetics, Punjab Agricultural 

University, Ludhiana, Punjab, India.  

Callus induction 

The dehusked healthy seeds were rinsed with mild detergent and 

washed under running tap water for 3 min. The cleansed seeds were 

surface sterilised using Carbendazim solution (0.1 % w/v) for 2 hr, 
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Abstract  

This study describes somatic embryogenesis from scutellar epithelial tissue-induced callus in indica rice cultivar PR126 followed by shoot 
regeneration. The highlighting feature was histological identification of distinct embryogenic regions revealing origin of embryogenesis from 

upper epidermal layer of callus cells. This layer comprised of clusters of small, compact and isodiametric pro-embryogenic cells with dense 

cytoplasm. These cells enlarged and differentiated, leading to the development of pro-embryos having distinctive protodermis that produced 
globular somatic embryos with an average frequency of 5.36 ± 2.89 % in 25 days old callus. The embryos formed discrete leaf primordium-like 

structures from the epidermal layer after 14 days of callus transfer on regeneration. The leaf primordia developed into shoot apices, followed 

by normal shoot formation at 77.06 ± 10.82 % frequency within 45 days. The study demonstrates that the embryogenic regions in calli are 

fewer; their early detection and promotion can lead to effective shoot regeneration. This approach can be used for trait improvement in 
recalcitrant commercial rice cultivars through genome editing.   
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followed by 3 washes with sterile distilled water. Subsequently, 

these were sterilised with mercuric chloride (0.1 % w/v) for 4 min 

under sterile conditions and blot-dried on sterile filter paper 

(Whatman, USA). The seeds were aseptically cultured on MS 

(Murashige and Skoog) medium (10) supplemented with                             

2, 4-D (2, 4-Dichlorophenoxyacetic acid (1.5 mg/L), kinetin (0.5 mg/L), 

proline (600 mg/L), sucrose (3 % w/v) and agar (0.8 % w/v) having a 

pH of 5.8 (11). The seeds were placed with scutellum part just above 

the medium and endospermic portion embedded inside. The 

cultures were incubated in dark at 25 ± 2 °C for callus induction. 

Seven independent sets of experiments/biological replicates were 

performed. All media components were obtained from HiMedia 

(Mumbai, India). 

Shoot regeneration  

The calli were transferred on shoot regeneration medium containing 

MS salts supplemented with BAP (6-Benzylaminopurine) (1.5 mg/L), 

kinetin (1 mg/L), NAA (Naphthaleneacetic acid) (1 mg/L), myoinositol 

(100 mg/L), sucrose (3  % w/v) and agar (0.8 % w/v) with pH of 5.8 

(12). The cultures were incubated under 16 hr photoperiod using 

fluorescent lamps at 25  ±  2 °C. 

Root induction and hardening 

In vitro regenerated shoots were excised and placed on half-strength 

basal MS medium without growth regulators for root induction. The 

plantlets were hardened (by transferring on water-moistened 

cotton) in jam jars under 16:8 hr light/dark period at 25 ± 2 °C for              

3 days. The jars carrying plantlets were covered with polythene 

sheets to maintain humidity. Subsequently, the plantlets were 

transferred to pots containing a mixture of soil and cocopeat. The 

potted plantlets were maintained at 28–30 °C in a glasshouse and 

watered twice daily.  

Histological analysis 

Histological analysis of callus was carried out at various 

developmental stages using standard optical microscopy according 

to the standard procedures (13). The samples included 10, 15, 20 and 

25 days old callus, as well as embryogenic callus after 7 and 14 days 

of placement on shoot regeneration medium. The standard free-

hand sectioning of calli was carried out with steady strokes to make 

thin slices (14). The sections were moved from blade to a drop of 

water on a microscope slide. The excess water was gently removed 

using tissue paper and 2 distinct staining solutions containing 1 % 

Congo red and 1 % methylene blue were applied individually to the 

sections (15, 16). Fixation and microtomy were avoided since rice 

calli are soft, friable and highly hydrated, making them susceptible to 

distortion and shrinkage during fixation, dehydration and 

embedding. Free-hand sectioning enabled preservation of native 

cellular integrity and morphology for direct microscopic observation. 

The images were captured using Leica application suite (LAS 6.0, 

Leica Microsystems, Mannheim, Germany) on an optical research 

microscope (Leica DM 5000) at 100 X magnification.  

Statistical analysis 

The callus induction frequency (%) was analyzed as: Number of calli 
induced/Total number of seeds inoculated × 100. The regeneration 

frequency (%) was calculated as: Number of calli regenerated/Total 

number of calli induced × 100. The frequency of plantlet survival (%) 

was calculated as: Number of surviving plantlets/Total number of 

plantlets developed× 100. The experimental data were analysed as 

mean ± SD (standard deviation) to study variation among 7 

independent  sets of biological replicates.  

 

Results 

Callus induction and shoot regeneration 

The scutellar region of seeds from recalcitrant indica rice cultivar       
PR 126 showed callus initiation on induction medium with a mean 

frequency of 69.41 ± 10.55 % after 10–15 days of culturing (Table 1). 

The calli became compact, nodular and creamish-white at an 

average frequency of 5.36 ± 2.89 % after 10 days of induction (Fig. 1A). 

Upon transfer to regeneration medium, green islands appeared on 

calli after 14 days (Fig. 1B). Multiple shoots (8–10) regenerated from 

the green islands at an average frequency of 77.06 ± 10.82 % in next 

21 days (Fig. 1C). The shoots displayed root formation upon transfer 

to root induction medium in 14 days (Fig. 1D). The plantlets were 

hardened and transferred to soil (Fig. 1E & 1F). The plants were 

morphologically uniform with normal leaves and growth patterns. 

The number of plantlets developed is shown in Table 1. 

Ultrastructure of rice callus for analysing somatic 

embryogenesis 

The cell organization in 10 days old calli induced from scutellum 

epithelial tissue was determined through histological analysis                

(Fig. 2). The results revealed presence of 2 different types of cells in 

the same callus i.e., i) small, compact, isodiametric cells with starch-

Experiment  
(No.) 

Number of 
seeds 

inoculated 

Number of 
callus induced 

Number of 
calli showing 
embryogenic 

regions 

Number of 
embryogenic regions 

showing shoot 
regeneration 

Regeneration 
efficiency (%) 

Number of 
plantlets 

developed 

Number of 
hardened 
plantlets 

Number of 
surviving 
plantlets 

1 140 
107 

(76.42) 
4 

(3.74) 
3 

(75.00) 
2.80 3 1 

1 
(33.33) 

2 150 
129 

(86.0) 
5 

(3.87) 
3 

(60.00) 
2.32 3 2 

1 
(33.33) 

3 190 
130 

(68.42) 
3 

(2.31) 
2 

(66.66) 
1.54 2 1 

1 
(50.00) 

4 210 
155 

(73.80) 
6 

(3.87) 
5 

(83.33) 
3.22 5 3 

2 
(40.00) 

5 260 
174 

(66.92) 
9 

(5.17) 
7 

(77.77) 
4.02 7 5 

5 
(71.43) 

6 310 
186 

(60.00) 
15 

(8.06) 
13 

(86.66) 
6.99 13 11 

9 
(69.23) 

7 350 
190 

(54.28) 
20 

(10.53) 
18 

(90.00) 
9.47 18 17 

17 
(94.44) 

Mean ± SD  69.41 ± 10.55 5.36 ± 2.89 77.06 ± 10.82     55.97 ± 23.13 

Table 1. Callus induction and plantlet development from indica rice cultivar PR 126  

Figures in parenthesis represent per cent values and these were used to calculate Mean ± SD  
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Fig. 1. Callus induction and shoot regeneration in indica rice. (A) Callus induction from scutellar region of the seed, (B Appearance of green 
islands and shoot regeneration, (C) Multiple shoot regeneration, (D) Root induction, (E) Hardening of plantlets, (F) Plants in soil.  
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Fig. 2. Histology of developmental stages in rice from callus to shoot regeneration. The scale is presented in each image.  
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rich dense cytoplasm and dark stained nuclei and ii) large, highly 

vacuolated cells. The former were classified as embryogenic, while 

the latter as non-embryogenic. Further, the morphological changes 

on the callus surface were examined to understand the process of 

shoot formation. Clusters of pro-embryogenic cells were observed 

on the peripheral region (upper epidermal layer) of 15 days old calli 

on callus induction medium. The pro-embryogenic cells increased in 

size leading to formation of somatic pro-embryos with a clearly 

defined protodermis in 20 days old calli. The pro-embryos 

developed into globular somatic embryos in 25 days old calli on 

induction medium.  

 The development of shoot formation was analysed after 7 

and 14 days of transfer on shoot regeneration medium. The club-

shaped outgrowths with tiny protuberances composed of randomly 

arranged cells were observed on callus surface after 7 days. The 

number of protuberances increased after 14 days and resembled 

leaf primordia-like structures that were present on the upper 

epidermal layer. Following these sequential events, rice callus 

cultures displayed formation of shoot apices and shoots within a 

total period of 45 days.  

 

Discussion 

This study describes somatic embryogenesis from scutellar 

epithelial tissue-derived callus in indica rice cultivar PR 126 followed 

by shoot regeneration. The distinction was early identification of 

discrete embryogenic regions that originated from peripheral cells 

of callus (upper epidermal layer). Histological analysis of calli at 

various developmental stages revealed presence of pro-

embryogenic cells in the peripheral region forming somatic 

embryos that subsequently differentiated into leaf primordia-like 

structures. The organisation of developmental features provides 

insight into the precise structure and positioning of callus cells 

within their native environment, which is crucial for determining 

their fate and behaviour. The in-situ localisation of callus cells is 

crucial for comprehending their interactions over time and 

potential for regeneration either through somatic embryogenesis 

or organogenesis (17).  

 The examination of callus in the present study 

demonstrated cells in specific regions were small, compact, 

isodiametric with dense cytoplasm and numerous starch granules 

that were classified as embryogenic. Similar characteristics i.e. 

small and isodiametric cells, dense cytoplasm with large nucleus 

have been recorded for embryogenic cells in a number of crops      

(18–21). Such cells are enriched with organelles and display active 

metabolism along with high mitotic activity (22). In contrast, non-

embryogenic callus cells are loosely arranged, elongated and 

vacuolated with sparse cytoplasm with low metabolic activity. In 

rice, the embryogenic callus had compact clusters of meristematic 

cells with dense cytoplasm and distinct nuclei, whereas non-

embryogenic callus was irregular containing highly vacuolated cells 

(23). Likewise, the embryogenic callus in rice was characterised by 

small cells with high nucleus-to-cytoplasm ratio and compact 

organization resembling early embryonic structures, whereas non-

embryogenic callus contained enlarged, vacuolated cells with 

reduced cytoplasmic density and limited regenerative potential (6). 

Additionally, dense cytoplasm containing starch granules is typical 

of embryogenic cells and indicative of their high metabolic rate and 

dedifferentiation potential (6). High starch density is a crucial 

requirement for dedifferentiation (24). Several studies have 

depicted that starch granules not only serve as a morphological 

feature but also a marker of cellular totipotency. The accumulation 

of starch reflects a high metabolic state of cells by providing energy 

for rapid cell division and differentiation during somatic embryo 

formation (6, 25). Similarly, during organogenesis, starch granules 

within plastids of meristemoidal cells were frequently observed 

surrounding the nucleus; such arrangement represents a 

metabolically active environment, a pre-requisite for organogenesis 

(26).  

 The histological analysis in our study demonstrated that 

somatic embryos developed from peripheral cells of calli through 

different developmental stages. The peripheral layer of calli has 

been reported to be a meristematic layer consisting of diploid and 

totipotent cells that give rise to genetically stable embryoids and 

shoots (27, 28). The features, such as clusters of pro-embryogenic 

cells, pro-embryoids, globular embryos, small protuberances and 

leaf-primordia like structures appeared to be associated with shoot 

development. The embryogenic calli are destined to display these 

stages and produce fully developed shoots. The developmental 

stages identified in the present study are consistent with previous 

reports on rice somatic embryogenesis and organogenesis. 

Histological studies have shown that embryogenic callus contains 

actively dividing meristematic cells that undergo physiological and 

molecular reprogramming leading to autonomous differentiation 

into compact embryogenic cell clusters, subsequently giving rise to 

pro-embryos (6). The pro-embryo formation is considered as the 

earliest morphologically distinguishable stage in the process of 

somatic embryogenesis. Pro-embryos often arise either at the 

peripheral or internal zones of callus depending on its physiological 

state and culture media composition (7). As the culture advances, 

pro-embryos progressively develop into somatic embryos, 

following 4 distinct stages viz. globular, heart-shaped, torpedo-

shaped and cotyledonary (29, 30). The transition from pro-embryo 

to mature cotyledonary somatic embryo is governed by a complex 

interplay of genotypic, physiological and biochemical factors such 

as, ratio of auxins to cytokinins, stress signals and expression of 

embryogenesis-related genes (20).  

 The occurrence of small protuberances and leaf-primordia 

like structures from mature embryos in the present study are 

associated with shoot development and the observation is 

consistent with early works where shortly after the formation of leaf 

primordia-like structure, several primary shoot initiations and leafy 

regions became visible on the surfaces of Oryza glaberrima calli (17). 

Likewise, the stratified peripheral cells, small protuberances and 

leaf-primordia like structures are connected to the organisation of 

rice shoots (31). 

 Comparative analysis of shoot regeneration in japonica and 

indica subspecies demonstrated significant phenotypic differences 

in formation of green spots, an indicator of regeneration (32, 33). 

Most of japonica calli exhibited greening by 9th day post-light 

treatment, whereas indica calli showed considerably less greening. 

Further,  japonica cultivars exhibited a higher frequency of compact, 

creamy-white embryogenic calli with strong regeneration potential 

(34). In contrast, indica cultivars mainly form loose, watery or non-

embryogenic calli with low regeneration efficiency often resulting in 

fewer green shoots. Our study also demonstrates that embryogenic 

regions in indica calli were fewer, however their early detection and 

selection led to effective shoot regeneration. The variations in rice 
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subspecies are largely attributed to underlying genetic and 

physiological differences, including hormonal sensitivity, metabolic 

activity and gene regulation pathways associated with somatic 

embryogenesis. 

 BABY BOOM1 (OsBBM1) transcription factor acts as a key 

developmental regulator by activating OsYUC genes responsible for 

embryogenic reprogramming and embryo development (35). In 

addition, other transcription factors, such as LEC1, LEC2, FUS3, WUS 

and SERK enhance embryogenic potential through activation of 

embryo identity genes and coordination of hormone-mediated 

signaling. The interplay between auxin, cytokinin and abscisic acid 

pathways, along with epigenetic modifications like DNA 

methylation and histone remodeling, further fine-tunes gene 

expression during embryogenic transition (36, 37). Collectively, 

these interconnected networks establish molecular foundation for 

both zygotic and somatic embryogenesis in rice. 

 To summarise, the present study demonstrates formation 
of shoots from rice callus involving a series of sequential processes. 

The development began with (1) induction of pro-embryogenic cell 

clusters in the peripheral region; (2) occurrence of various callus 

regions with one or more characteristics related to shoot 

organisation; (3) formation of tiny protuberances composed of cells 

arranged randomly on upper epidermal layer; and (4) formation of 

leaf primordia-like structures. Following this sequence of processes, 

normal shoots eventually developed. Moreover, the presence of 

structures resembling somatic embryos and leaf primordia 

indicated the occurrence of somatic embryogenesis. The 

histological analysis provides insights into the ultrastructure of calli 

demonstrating fewer embryogenic regions. The selection of such 

regions at early stage is essential to establish shoot regeneration in 

recalcitrant commercial rice cultivars for trait improvement through 

genome editing.  

 

Conclusion  

This study provides a comparative analysis of rice callus tissues 

developed in vitro and in vivo, offering insights into structural 

differences crucial for accurate identification of culture-induced 

changes. Through detailed morphological and histological 

examination, it enhances our understanding of the rice plantlet 

regeneration process. The findings are applicable across rice 

cultivars, highlighting common developmental patterns. This 

knowledge could pave the way for improved strategies in 

manipulating rice callus, contributing to the refinement of efficient 

regeneration protocols. While the present study successfully 

identifies key embryogenic regions within calli, their contribution to 

regeneration remains to be validated. Future work will focus on 

substantiating this relationship to refine and optimize shoot 

regeneration.   
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