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Abstract  

The role of sodium nitroprusside (SNP) in plant development and growth is 

varied. However, there is currently no reported use of SNP in single or com-

bined treatments for in vitro propagation of pomegranates. This study elab-

orates the role of SNP combined with different plant growth regulators 

(PGRs) like kinetin (Kn) and indole acetic acid (IAA) as supplementary in Mu-

rashige and Skoog (MS) media for in vitro propagation of pomegranate cv. 

Bhagwa using nodal segments as explants. The results revealed that treat-

ment T9 (1.5 mg/LSNP + 1.5 mg/LKn) resulted in the earliest shoot induction 

(25.03 days), the highest shoot proliferation (86.67 %) and the maximum 

shoot length (3.10 cm). However, treatment T8 (1.5 mg/LSNP + 1.0 mg/LKn) pro-

duced the highest number of shoots/explant (2.60). In regards to in vitro 

rooting, the treatment fortified with T14 (2.0 mg/LIAA + 0.1 mg/LSNP) yielded 

the highest rooting frequency (100 %) with the maximum number of roots 

(4.77), while the treatment T15 (2.0 mg/LIAA + 0.2 mg/LSNP) exhibited earlier 

root initiation (13.17 days). The clonal fidelity analysis using ISSR markers 

revealed that the micro-propagated shoots were genetically uniform, with 

88.89 % showing uniformity and a low level of somaclonal variation at 11.11 

%.   

 

Keywords  

micropropagation; ISSR marker; pomegranate; plant growth regulators; clonal fideli-
ty; quality maintenance; in vitro culture    

 

Introduction  

Punica granatum L., commonly known as pomegranate, holds significant 

economic value as a commercial fruit crop in tropical and subtropical re-

gions across the globe. P. granatum L., a member of the Lythraceae family, 

is a fruit with a long history of consumption. The pomegranate, originally 

indigenous to Iran, has become a globally cultivated fruit, with significant 

production in countries such as India, Turkey, China, the United States, 

Egypt, Tunisia, Morocco, Spain and South Africa (1). It is considered to be 

one of the earliest known edible fruits. Furthermore, the fruit is highly val-

ued for its nutritious edible qualities, lucrative returns, substantial export 

demand, versatile adaptability, minimal irrigation water requirements and 

pharmaceutical applications (2). India and Iran are the leading nations in 

terms of exports, with a notable increase in their output on a global level (3). 
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The cultivation of this crop spans across an extensive area 

of 2.83 lakh ha in India, yielding a production of 32.71 lakh 

metric tonnes, as reported by the NHB Data Book 2020–21 (4). 

 Over the past few years, bacterial blight and wilt 

diseases have resulted in significant crop loss. The estab-

lishment of new plants necessitates a year-long process 

and is impeded by the presence of insect and pest inva-

sions/diseases (5). Additionally, the establishment of new 

plants is restricted by the scarcity of mother plants. The 

use of conventional propagation methods does not guar-

antee the production of disease-free, healthy plantlets (6). 

The use of nodal segments for in vitro propagation of pom-

egranate was observed (7). Utilization of micro-

propagation techniques has experienced a substantial 

surge in extensive propagation over the last few decades. 

The use of tissue culture as a propagation technique offers 

several advantages over traditional methods. These bene-

fits include consistent quality, freedom from seasonal limi-

tations and the ability to rapidly produce large quantities 

of disease-free plant material (8, 9). In fact, in vitro culture 

is currently the only mass propagation method capable of 

producing healthy plants within a short timeframe (10).  

 PGRs are essential for the successful implementa-
tion of micropropagation. In the pomegranate, the func-

tion of PGRs has been improved by a number of research-

ers (11-14). The most critical components for successful 

plant regeneration are plant growth regulators. Cytokinins 

are essential for the development of meristematic centers, 

which induce cell division and result in the production of 

organs, primarily shoots, in tissue culture (12, 14). Like-

wise, SNP, which serves as the main provider of nitric ox-

ide (NO), has been classified as a phytohormone with vari-

ous effects on plant growth and development. SNPs can 

affect plant morphogenesis, reduction of seed dormancy, 

promotion of lateral root growth, facilitation of germina-

tion, stimulation of shoot regeneration, facilitation of root 

formation and regulation of senescence (15, 16). SNPs in 

the medium increased adventitious root production, im-

proved callus formation and multiplied shoot regeneration 

in Gymnema sylvestre (17). However, there are no known 

reports where SNP has been used as a single PGR or in 

combination with other PGRs for in vitro propagation of 

pomegranate. Sodium nitroprusside has also been report-

ed in conjunction with other PGRs in the in vitro propaga-

tion of diverse crops (18, 19). In order to maximize in vitro 

efficiency in pomegranate, we adjusted the combination of 

SNPs with other PGRs in the current study.  

 Clonal fidelity of the micropropagated plants refers 

to the genetically identical plants called clones and it is 

essential to ensure that the propagated plants retain the 

same genetic characteristics as the original parent plant. 

The potential for somaclonal diversity among the sub-

clones of prospective lines, however, is a significant issue 

with in vitro culture (20). The changes in micro-plants at 

the cellular level and at the ploidy level may be caused by 

genetic modifications in the structures of the chromosome 

or molecular variations like specific DNA mutations (21). 

Among the molecular markers, inter-simple sequence re-

peat (ISSR) markers are widely used in clonal fidelity analysis 

due to their ability to produce highly variable and repro-

ducible bands across a range of plant species. The use of 

longer primers, which enable higher annealing tempera-

tures, makes the ISSR very reproducible (22). ISSR markers 

are based on the amplification of DNA fragments between 

simple sequences repeat using primers anchored at these 

repeats. ISSR markers are highly polymorphic and they can 

detect differences in the DNA sequence even among close-

ly related genotypes. ISSR markers have been used in vari-

ous applications, including genetic diversity analysis, phy-

logenetic studies and clonal fidelity analysis in plant tissue 

culture (22, 23). In clonal fidelity analysis, ISSR markers are 

used to compare the DNA profiles of the micro-propagated 

plants to those of the original parent plant (23). Any differ-

ences observed in the ISSR profiles may indicate 

somaclonal variation, which refers to genetic changes that 

occur during tissue culture. Clonal fidelity analysis using 

ISSR markers is a valuable tool for quality control in micro-

propagation (24). It allows for the early detection of any 

genetic variations that may affect the quality and yield of 

the micro-propagated plants (22). This analysis can also 

provide insights into the stability and adaptability of the 

micro-propagated plants in different environments. With 

the aforementioned information in mind, the current work 

was conducted to optimise the SNP concentration with 

additional PGRs that had not been performed previously in 

pomegranate and examine the clonal stability of micro-

plants with the help of ISSR markers.   

 

Materials and Methods 

Plant materials and surface sterilization of explant         

A stem cutting of the pomegranate cultivar Bhagwa, about 

5 cm long and 1–2 months old, was taken from the Uttar 

Pradesh region. The Horticulture Research Centre (HRC) of 

Sardar Vallabhbhai Patel University of Agriculture and 

Technology, Meerut, U.P., India, established a block for 

donor plants. The maternal plants underwent weekly 

treatment with Tebuconazole 50 % + Trifloxystrobin 25 % 

w/w, a systemic fungicide manufactured by Bayer Crop 

Science, at a concentration of 2 g/L prior to the com-

mencement of the experimental cutting procedures. The 

young cuttings, which were in good health and free from 

disease, underwent a 20 min rinse under tap water. Subse-

quently, they were subjected to a 10 min treatment with 

Teepol at a concentration of 0.1 %, followed by a 20 min 

treatment with Bavistin at the same concentration. The 

cuttings were then subjected to multiple rinses with deion-

ized water and exposed to UV radiation for 20 min under 

laminar air flow. The explants were subjected to treatment 

with a 0.1 % HgCl2 solution for duration of 1–2 min under a 

cabinet. This was followed by treatment with 70 % ethyl 

alcohol for 1 min and a final step of four rinses with steri-

lised double-distilled water to ensure sterilisation. The 

nodal segments, measuring approximately 5–6 mm, were 

obtained by trimming the explants to eliminate the edges 

that were typically damaged during the disinfection proce-

dure after surface sterilization. 
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Media preparation          

The current work utilised the basal Murashige and Skoog, 

1962 media supplemented with several plant growth regu-

lators (PGRs) for the purpose of shoot proliferation and 

root induction (25). The experiments involved the supple-

mentation of various combinations of SNP, Kn and IAA. 

A concentration of 200 mg/Lof activated charcoal (AC) as 

an additive was added in all of the combinations. C source-

2.5 % sucrose was incorporated and the media was solidi-

fied using Cleri Gel at a concentration of 7 g/L. The pH of 

the solution was kept in the range of 5.6 to 5.8. The culture 

media was transferred into 25 × 150 mm culture tubes and 

sealed with polypropylene closures. These tubes were 

then autoclaved at a pressure of 1.05 kg cm−2 for duration 

of 20 min. The thoroughly surface-sterilized explants were 

cultured on MS basal media, fortified with various concen-

trations and combinations of plant growth regulators. 

After inoculation, the cultures were transferred to a growth 

chamber. 

Culture multiplication and regeneration         

The establishment of in vitro cultures was conducted using 
test tubes measuring 20 mm by 170 mm and containing   

15 mL of MS culture media. Varying concentrations of SNP 

and Kn were used for in vitro regeneration of shoots, and 

SNP with IAA in various concentrations was used for     

in vitro rooting of shoots. The experiment involved testing 

these compounds individually and in combination with 

each other. Healthy nodal segments of shoots measuring 

20–25 mm were used as explants for in vitro conditions.     A 

total of nine combinations of SNP with Kn were evaluated 

for their impact on shooting, while 16 different combina-

tions of IAA and SNP were used as rooting parameters 

(Table1). The duration between inoculation and the initial 

emergence of a bud from the explants was measured in 

days to determine the time required for shoot initiation. 

The shoot regeneration percentage was calculated by di-

viding the number of explants that produced shoots by the 

total number of explants and then multiplying the result 

by 100. In addition, the numbers of shoots per explant 

were manually recorded and the length of the longest 

shoot was measured in cm by a measuring scale after          

5 weeks. The well-developed shoots were subjected to sub

-culturing procedures using their respective growth media. 

These shoots were then transplanted onto a medium con-

taining MS supplemented with varying concentrations of 

IAA (0.5–1.5 mg/L) and SNP (0.05–0.3 mg/L). Rooting per-

centages were determined by dividing the number of 

shoots that developed roots by the total number of shoots 

and then multiplying the result by 100. The duration of 

root induction and the quantity of roots were assessed. 

DNA extraction        

Genomic DNA was extracted from leaves obtained from 

ten randomly selected in vitro propagated plants and the 

maternal plant. The DNA isolation process utilized the 

CTAB (Cetyltrimethylammonium bromide) method, with 

minor modifications from the originally outlined method-

ology (26). The assessment of the purity of the isolated 

DNA samples was conducted through electrophoresis on a 

0.8 % agarose gel (Hi media, Mumbai) and using a spectro-

photometer (Perkin-Elmer Lambda 35 instrument). Subse-

quent to the collection of DNA samples, an evaluation was 

conducted to determine the degree of genetic uniformity 

(Table 2). 

Clonal fidelity analysis with ISSR markers         

To evaluate the genetic consistency of both the parent 

plants and in vitro plantlets, the following procedure was 

implemented. Initially, a preliminary selection of ISSR  

Treatment of different concentration of SNP and KN for in vitro shoot 
regeneration 

Notation Treatment 

T1 SNP 0.5 mg/L+ KN 0.5 mg/L 

T2 SNP 0.5 mg/L+ KN 1.0 mg/L 

T3 SNP 0.5 mg/L+ KN 1.5 mg/L 

T4 SNP 1.0 mg/L+ KN 0.5 mg/L 

T5 SNP 1.0 mg/L+ KN 1.0 mg/L 

T6 SNP 1.0 mg/L+ KN 1.5 mg/L 

T7 SNP 1.5 mg/L+ KN 0.5 mg/L 

T8 SNP 1.5 mg/L+ KN 1.0 mg/L 

T9 SNP 1.5 mg/L+ KN 1.5 mg/L 

Treatment of  different concentration of IAA and SNP for in vitro root 
regeneration 

T1 IAA 0.5 mg/L+ SNP 0.05 mg/L 

T2 IAA 0.5 mg/L+ SNP 0.1 mg/L 

T3 IAA 0.5 mg/L+ SNP 0.2 mg/L 

T4 IAA 0.5 mg/L+ SNP 0.3 mg/L 

T5 IAA 1.0 mg/L+ SNP 0.05 mg/L 

T6 IAA 1.0 mg/L+ SNP 0.1 mg/L 

T7 IAA 1.0 mg/L+ SNP 0.2 mg/L 

T8 IAA 1.0 mg/L+ SNP 0.3 mg/L 

T9 IAA 1.5 mg/L+ SNP 0.05 mg/L 

T10 IAA 1.5 mg/L+ SNP 0.1 mg/L 

T11 IAA 1.5 mg/L+ SNP 0.2 mg/L 

T12 IAA 1.5 mg/L+ SNP 0.3 mg/L 

T13 IAA 2.0 mg/L+ SNP 0.05 mg/L 

T14 IAA 2.0 mg/L+ SNP 0.1 mg/L 

T15 IAA 2.0 mg/L+ SNP 0.2 mg/L 

T16 IAA 2.0 mg/L+ SNP 0.3 mg/L 

Table 1. Treatment details of in vitro shoot and root regeneration in pome-
granate plant.  

Primers name Sequence primer 

UBC831 CTCTCTCTCTCTCTCTT 

UBC873 GACAGACAGACAGACA 

UBC868 GAAGAAGAAGAAGAAGAA 

IS7 ACGACGACGACGACGG 

IS15  ACACACACACACACACT 

IS25 GGATGGATGGATGGAT 

Table 2. ISSR primers and their sequences used for the genetic fidelity evalua-
tion of pomegranate plants obtained from micropropagation. 



PAL  ET AL   4  

https://plantsciencetoday.online 

primers was conducted using 10 primers. Out of these,        

6 primers that consistently produced amplified fragments, 

ranging from 15 to 18 nucleotide bases, were chosen for 

further analysis. PCR reactions were carried out in a total 

volume of 25 μL. A master mix comprising a 20 μL reaction 

mixture was prepared for the PCR amplification process. 

The amplification conditions included a predetermined set 

of reaction cycles, with the initial denaturation step run-

ning at 94 °C for 5 min; then 35 cycles of denaturation step 

were followed at 94 °C for 30 sec; thereafter primer anneal-

ing was performed at 55 °C for 30 sec (it is important to 

note that different primers may require distinct annealing 

temperatures) and extension at 72 °C for 30 sec. A final 

step called extension was performed at 72 °C for 10 min. 

PCR amplicon was electrophoresed on an agarose gel   

(3 %) containing 0.5 mg/L of ethidium bromide. The gel 

was visualized under a UV light trans-illuminator. Only visi-

ble and clear bands were scored at specific positions and 

were considered for calculating and evaluating clonal fi-

delity (27). 

Experimental design and statistical analysis         

A completely randomized block design (CRD) with 10 repli-

cations per treatment was used in this study. Each treat-

ment was replicated in 3 sets. The duration of shoot induc-

tion, percentage of shoot regeneration, quantity of shoots 

and length of shoots were analysed statistically through 

one-way analysis of variance. Tukey's HSD significance 

test (p<0.05) was performed using SPSS software (version 

17.0) to determine significant differences among the treat-

ments for all variables assessed.   

 

Results  and Discussion 

Effect of SNP and Kinetin on in vitro shoot induction, 

shoot regeneration, number of shoots and shoot length 

of explants         

The 2 types of plant growth regulators most commonly 
utilized for in vitro cultivation of plant tissues are cytokinin 

and auxin (28). SNP, a widely occurring bioactive com-

pound, produces NO, a highly reactive gas that serves as a 

crucial player in signal transduction within stressed plants 

(29). Due to its cost-effectiveness, widespread usage and 

consistent generation of NO, SNP is commonly employed 

as an NO donor. In plant tissue and organ culture, the bio-

active molecule SNP stimulates the induction of multiple 

shoots and roots (18, 30-32).  

 The experimental results presented in Table 3 and 

Fig. 1 indicate significant effect of nutrient media and SNP, 

in conjunction with varying doses of Kn (0.5 mg/L to   

1.5 mg/L), on the in vitro propagation of pomegranate. The 

shortest duration for shoot induction (25.03 ± 1.1a) was 

observed in treatment T9 (1.5 mg/L SNP + 1.5 mg/L Kn), 

while the control group (41.67 ± 2.8b) had the longest dura-

tion. Additionally, treatment T9 (1.5 mg/L SNP + 1.5 mg/L Kn) 

exhibited the highest shoot regeneration percentage 

(86.6 ± 5.7 %), followed by treatment T6 (1.0 mg/L SNP +   

1.5 mg/L Kn) with a shoot regeneration percentage of 

83.33 ± 5.7 %, while the lowest shoot regeneration per-

centage of 33.3 ± 5.7 % was observed in the control. Treat-

ment T8 (1.5 mg/L SNP + 1.0 mg/L Kn) resulted in the high-

est number of shoots per explant (2.60 ± 0.44), followed by 

treatment T9 (1.5 mg/L SNP + 1.5 mg/L Kn) with a similar 

outcome (2.53 ± 0.65), while the control group had the low-

est number of shoots per explant (0.80 ± 0.10).  The longest 

shoot length of 3.10 ± 0.78 cm at 35 days after initiation 

(DAI) was observed in treatment T9 (1.5 mg/L SNP and 

1.5 mg/L Kn), followed by 2.40 ± 0.61 cm in treatment         

T8 (1.5 mg/L SNP and 1.0 mg/L Kn), while the control group 

had the shortest shoot length (0.70 ± 0.26 cm) at 35 DAI.  

 During culture growth, cells exhibited de-

differentiation and re-differentiation. It is believed that 

SNPs interact with auxin and cytokinin, regulating cell divi-

sion during the differentiation process. Similarly, kinetin 

has been found to have a positive impact on in vitro shoot 

multiplication in aloe vera (33). The mineral composition 

of explants may also contribute to variations in the effects 

of Kn on multiplication rate and shoot growth across 

different media. The higher percentage of callus induction 

and shoot regeneration can be attributed to the combined 

application of SNP, Kn and auxin (34). Achieving optimal 

shoot regeneration percentage requires balancing the 

dose and concentration of SNP. It has been reported that 

the regeneration capacity decreases at high doses of SNP 

in the medium (35). The findings of the present study indi-

cate that sodium nitroprusside interacts with auxin and 

Treatment  

(SNP + Kn mg/L) 
Time taken for shoot induc-

tion (4 days) 
% Culture exhibiting shoot 

regeneration 
Number of shoots/

explant 

Shoot length recorded  

35 DAI in (cm) 

Control 41.67 ± 2.83b 33.33 ± 5.77a 0.80 ± 0.10a 0.70 ± 0.26a 

T1 (0.5 + 0.5) 25.83 ± 1.19a 70.00 ± 10.00bcd 2.23 ± 0.45abc 2.37 ± 0.64a 

T2 (0.5 + 1.0) 26.43 ± 2.46a 56.67 ± 5.77ab 1.30 ± 0.44ab 2.10 ± 0.61a 

T3 (0.5 + 1.5) 30.17 ± 1.40a 50.00 ± 0.00a 1.77 ± 0.81abc 1.77 ± 0.61a 

T4 (1.0 + 0.5) 26.00 ± 1.37a 63.33 ± 5.77abc 1.40 ± 0.36abc 2.30 ± 0.44a 

T5 (1.0 + 1.0) 28.23 ± 3.49a 56.67 ± 5.77ab 0.97 ± 0.25a 1.90 ± 0.72a 

T6 (1.0 + 1.5) 29.50 ± 2.12a 83.33 ± 5.77de 1.17 ± 0.35a 2.03 ± 0.15a 

T7 (1.5 + 0.5) 30.27 ± 3.06a 56.67 ± 5.77ab 1.00 ± 0.20a 1.57 ± 0.12a 

T8 (1.5 + 1.0) 25.20 ± 2.05a 76.67 ± 5.77code 2.60 ± 0.44c 2.40 ± 0.61a 

T9 (1.5 + 1.5) 25.03 ± 1.12a 86.67 ± 5.77e 2.53 ± 0.65bc 3.10 ± 0.78a 

SE (m) 1.14 3.52 0.244 0.323 

Table 3. Effect of SNP and Kn on in vitro shoot establishment of pomegranate.  
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cytokinin during the de-differentiation and re-

differentiation process during culture growth and develop-

ment that regulate cell division during the differentiation 

process (35). Further, in vitro regeneration and shoot differ-

entiation process might be improved through involvement 

of NO during cytokinin cell signalling. Providing cytokinin 

exogenously in the culture media may help to release NO 

during cell cultures (36). SNPs can increase membrane 

fluidity, affect the phospholipid bilayer, relax the cell wall, 

increase cell size and promote plant development. Addi-

tionally, SNP application has been shown to enhance cot-

ton stem growth (37). An increased number of shoots was 

observed in marigold when SNP was used in combination 

with other plant growth regulators (PGRs) (38, 39). The 

addition of 10 % coconut water to the media, along with 15 

M SNP, resulted in the highest response for in vitro shoot 

multiplication (89.3 %) in Valeriana jatamansi (32). Similar 

findings were reported in Glycine max, where exogenous 

supplementation of SNP enhanced in vitro responses (40). 

Likewise, SNP at 20.0 μM significantly promoted shoot pro-

duction in Malus hupehensis plantlets (41). On the other 

hand, addition of SNP at 40.0 μM to MS medium containing 

BAP and NAA reduced browning and improved the cell 

survival of tuber explants in Dioscorea opposite (35). The 

effect of NO on caulogenesis, shoot organogenesis and 

rhizogenesis from hypocotyl explants of Linum usitatissi-

mum reported that media supplemented with NO donors 

such as 5.0 μM SNP, 2.0 μM SNAP or 2.0 μM SIN-1 signifi-

cantly promoted shoot differentiation (42). Similar results 

with a lower concentration of SNP in Albizzia lebbeck, 

where B5 basal medium containing 4.0 μM SNP stimulated 

caulogenesis (43). 

Root regeneration percentage          

In the present study, the effects of combining IAA and SNP 
at different concentrations in MS media for in vitro root 

were examined. The results are presented in Table 4 and 

Fig. 2 depicts that treatment T14 (2.0 mg/L IAA + 0.1 mg/L 

SNP) resulted in the highest rooting percentage (100.0 ± 0.0e), 

while higher doses of SNP and IAA decreased the quantity 

of in vitro roots. The control had the lowest root percent-

age (41.6 ± 2.8b). These findings suggest that very low con-

centrations of SNP and IAA have minimal impact on the 

number of in vitro roots, but the combined application of 

IAA and SNP promotes root formation compared to the 

control. The control exhibited the longest time for root 

initiation (33.3 ± 5.7 days), while treatment consisting of 

T15 (2.0 mg/L IAA and 0.2 mg/L SNP) had the shortest time 

(13.1 ± 0.5 days) for root initiation. Treatment T14 (2.0 mg/L 

IAA + 0.1 mg/L SNP) resulted in the highest number of 

roots per explant (4.7 ± 0.7), followed by treatment  

T15 (2.0 mg/L IAA + 0.2 mg/L SNP) with 4.5 ± 0.7 roots per 

explant. On the other hand, control had the lowest number 

of roots per explant (0.8 ± 0.1).  

 Inducing roots on shoots created through in vitro 
multiplication procedures can be difficult under normal 
circumstances. To enhance in vitro rooting, plant shoots 
are generally cultured on MS media, which is fortified by 
various concentrations of auxins, viz. IAA, IBA and NAA (31, 

A 

B 

C 

Fig. 1. In vitro shoot induction in pomegranate variety “Bhagwa” after        4 
weeks of culture: (A) Control, (B) T8-1.5 mg/L SNP and 1.0 mg/L Kn and 
(C) T9-1.5 mg/L SNP and 1.5 mg/L Kn. 
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44, 45). In recent times, SNP has also been used to improve 
root induction in various plant species, such as Cucumis 
sativus, cherry rootstocks, antirrhinum and Canscora 
diffusa (31, 46-48). SNPs act as signals in the auxin-induced 
signaling cascade that promotes adventitious root growth 
(49). Previous research also reported an increase in the 
number of roots when SNP was added to a medium sup-
plemented with IAA (31). The high concentrations of auxin 

are necessary for rapid root initiation, which is only  
required during the initial phase of root development. 
Similar findings were observed in tomatoes when IAA was 
combined with different SNP combinations (50). SNPs play 
a crucial role in lateral root development. Cytokinin-
induced NO production in plant cell cultures suggests the 
involvement of NO in cytokinin signal transduction (36). 
Therefore, the addition of the NO donor SNP promotes 
root formation. Previous research has also demonstrated 
that IAA is the primary auxin used by plants for adventi-
tious rooting (51). Our in vitro rooting results are con-
sistent with the previous findings, where IAA was used in 
combination with SNP for in vitro rooting of Lycopersicon 
esculentum Mill (50).  

Assessment of genetic fidelity of in vitro grown micro-
plants through ISSR markers          

In the present study, a set of ten ISSR markers were em-
ployed to analyze micro-plants and the mother plant to 
evaluate the genetic fidelity of micropropagated pome-
granate plantlets. Initially, DNA fingerprint analysis was 
conducted using 10 primers and 6 primers generated dis-
tinct and reproducible amplified fragments (Table 5). 
Marker analysis revealed that a significant proportion (88.8 
%) of the amplicons derived from the in vitro cultured 
plants exhibited the same genetic makeup as their paren-
tal plants (Fig. 3a and b). The ISSR primers produced a 
range of 2 to 4 bands, with an average of 2.6 monomorphic 
bands per primer (Table 5). Among the 6 ISSR primers 
used, a single primer, UBC868, exhibited four bands, 2 of 
which were polymorphic, while the remaining primers re-
sulted in 16 monomorphic bands, indicating genetic fideli-
ty among the micro-propagated plants, while a little poly-
morphism (11.1 %) for the UBC868 primer was also ob-
served. The 5 other primers exhibited a consistent mono-

Treatment (IAA+SNP mg/L) % Culture exhibiting root develoment Time taken for root initiation (Days) Number of roots/explant 

Control 41.67 ± 2.83b 33.33 ± 5.77a 0.80 ± 0.10a 

T1  (0.5 + 0.05) 73.33 ± 5.77abcs 25.3 ± 1.95f 1.07 ± 0.15a 

T2  (0.5 + 0.1) 70.00 ± 10.00abc 18.97 ± 0.47e 1.13 ± 0.35a 

T3  (0.5 + 0.2) 63.33 ± 5.77a 18.77 ± 1.06e 1.53 ± 0.35ab 

T4  (0.5 + 0.3) 66.67 ± 15.28ab 18.07 ± 1.12de 2.17 ± 0.32abcs 

T5  (1.0 + 0.05) 83.33 ± 5.77abide 17.80 ± 0.61de 2.13 ± 0.35abcs 

T6  (1.0 + 0.1) 86.67 ± 5.77abide 17.20 ± 0.36code 2.60 ± 0.79bcd 

T7  (1.0 + 0.2) 90.00 ± 10.00bode 16.80 ± 0.7code 3.23 ± 0.45de 

T8  (1.0 + 0.3) 90.00 ± 0.00bode 16.17 ± 0.35bcd 3.07 ± 0.15code 

T9  (1.5 + 0.05) 83.33 ± 15.28abide 15.13 ± 0.90abc 1.87 ± 0.21abc 

T10  (1.5 + 0.1) 93.33 ± 11.55code 15.23 ± 0.85abc 1.63 ± 0.81ab 

T11  (1.5 + 0.2) 86.67 ± 5.77abide 15.00 ± 0.66abc 1.30 ± 0.44ab 

T12  (1.5 + 0.3) 93.33 ± 5.77code 14.90 ± 0.70abc 1.47 ± 0.38ab 

T13  (2.0 + 0.05) 96.66 ± 5.78de 13.97 ± 0.55ab 3.33 ± 0.38de 

T14  (2.0 + 0.1) 100.00 ± 0.00e 13.27 ± 0.35a 4.77 ± 0.72f 

T15  (2.0 + 0.2) 96.67 ± 5.77de 13.17 ± 0.55a 4.57 ± 0.78f 

T16  (2.0 + 0.3) 86.67 ± 5.77abide 14.20 ± 0.40ab 4.07 ± 0.38ef 

SE (m) 2.12 0.55 0.18 

Table 4. Effect of MS media with IAA and SNP on in vitro root establishment of pomegranate.  

For each column, different superscript (Small alphabet) letters indicate significantly different at p≤0.05, as measured by Tukey’s test between treatments. 

A 

B 

Fig. 2. In vitro root induction in pomegranate variety “Bhagwa’’ after 2 weeks 
of culture: (A) Control and (B) T14-2.0 mg/L IAA and 0.1 mg/L SNP root devel-
oped in pomegranate plantlets.  
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morphic pattern.  

 When aiming for complete genetic uniformity in 

regenerated plants, somaclonal variation can occur as an 

undesirable outcome of tissue culture. However, it can 

also serve as a novel source of genetic variability for breed-

ing purposes (20). It is crucial to identify and check the 

extent of genetic variation in both scenarios. For checking 

somaclonal variation in micropropagated plants, molecu-

lar markers are an effective technique for achieving this 

goal (52). ISSR (Inter-Simple Sequence Repeat) markers 

are particularly convenient to use compared to other 

markers like RFLP, SSR and AFLP because they do not re-

quire prior sequence information to generate DNA amplifi-

cation products (53). Polymorphism in amplification prod-

ucts, represented by 2 alleles, can occur due to alterations 

that affect the primer binding site sequence (such as point 

mutations) or that alter the size or prevent successful pri-

mer binding to the target DNA (54). The low genetic poly-

morphism observed in this study could be attributed to a 

limited amount of genetic variation, which can be induced 

by factors such as prolonged culture times, specific combi-

nations of plant growth hormones or stress caused by add-

ed biochemicals known to induce somaclonal variation in 

tissue-cultured plants. These findings are closely related to 

studies on in vitro propagated Guizotia abyssinica Cass, 

Miscanthus X giganteus and Dendrobium chrysotoxum, 

which also reported genetic similarity among the micro-

propagated plants (54-56). The genetic fidelity of micro-

propagated jojoba plants compared to their mother plants 

using RAPD and ISSR markers demonstrated a 100 % simi-

Sl. No. Primers Total alleles Polymorphic bands Monomorphic bands Band range (bp) 

1. UBC 831 4 0 4 250, 300, 380, 420 

2. UBC 873 3 0 3 200, 280, 340 

3. UBC868 4 2 2 200, 300, 400, 450 

4. IS7 2 0 2 100, 180 

5. IS15 3 0 3 150, 200, 300 

6. IS25 2 0 2 150, 290 

Total   18.003.0 2.00 16.00   

Avg.   3 0.33 2.66   

Table 5.  

Fig. 3. Polymerase chain reaction (PCR) amplification products obtained through ISSR primer (A) (UBC 868) and (B) (IS 25) in  mother 
plant and micro propagated plants of pomegranate; L: 100 bp Ladder: Lane 1-10 SC1- SC10 (SC: Sub culture); MP: Donor Mother Plant 
(DMC).  

 L             1            2  3 4  5  6  7          8           9 10  MP 

A 

         L              1             2             3              4            5              6             7             8             9             10           MP 

B 
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larity. Their study highlighted that axillary bud multiplica-

tion is a reliable method for producing true-to-type plants 

(57). Similarly, in another study, researchers used nine 

ISSR primers, generating 56 clear, distinct and reproduci-

ble amplicons. Cluster analysis revealed 100 % genetic 

similarity between the mother plant and its derived regen-

erants within the same cluster (58). In a similar study, 

100 % genetic fidelity was also found between in vitro 

propagated Gerbera plants and the mother plant using 

RAPD and ISSR markers (59).  

 

Conclusion  

Most plants grown in vitro exhibited genetic uniformity 

with their maternal plants, although some somaclonal 

variation was observed. This is the first report to use SNP 

in Punica for in vitro culture. This study recommends using 

in vitro culture procedures to check clonal fidelity before 

commercial planting to ensure true-to-type plants. ISSR 

markers were employed to identify genetically similar 

plants grown in vitro using SNP with other PGRs. An effi-

cient protocol for micropropagation of pomegranate cv. 

'Bhagwa' using nodal segments as explants was estab-

lished, with ISSR markers revealing that 88.89 % of the 

micro-propagated shoots were genetically uniform, show-

ing only 11.11 % somaclonal variation. These findings can 

help reduce time and costs for researchers and stakehold-

ers in the plant tissue culture industry and can be applied 

to other fruit crops for commercial production.  

 

Acknowledgements  

The authors express their gratitude to the Vice Chancellor 

of Sardar Vallabhbhai Patel University of Agriculture and 

Technology, Meerut, Uttar Pradesh, India, for providing the 

necessary facilities to conduct this research. We also ap-

preciate the editor's and reviewers' valuable critiques and 

recommendations.   

 

Authors’ contributions  

MK and MKY designed the experiment. DP and CC carried 

out the experiment. DP, AP and VR did tissue culture work. 

DP, CC and VP performed molecular work. VP and AP per-

formed statistical analysis. CC and VR wrote and reviewed 

the manuscript. All authors read and approved the final 

version.   

 

Compliance with ethical standards  

Conflict of interest: The author (s) declares no conflict of 

interest.   

Ethical issues: None. 

 

References  

1. Shaygannia E, Bahmani M, Zamanzad B, Rafieian-Kopaei M. A 

review study on Punica granatum L. J Evid Based Complemen-

tary Altern Med. 2016;21:221-27. https://

doi.org/10.1177/2156587215598039 

2. Singh NV, Sharma J, Chandra R, Babu KD, Shinde YR, 
Mundewadikar DM, Pal RK. Bio-hardening of in-vitro raised 
plants of Bhagwa pomegranate (Punica granatum). Indian Jour-

nal of Agricultural Science. 2016;86:132-36. https://

doi.org/10.56093/ijas.v86i1.55252 

3. Chauhan RD, Kanwar, K. Biotechnological advances in pome-
granate (Punica granatum L.). In vitro Cellular and Developmen-

tal Biology-Plant. 2012;48(6):579-94. https://doi.org/10.1007/
s11627-012-9467-7 

4. NHB. National horticulture board. Hortic Stat Glance, NHB, Gur-
gaon, India; 2021. 

5. Sharma A, Abrahamian P, Carvalho R, Choudhary M, Paret ML, 
Vallad GE, Jones JB. Future of bacterial disease management in 
crop production. Annual Review of Phytopathology. 2022;60(1): 

259-82. https://doi.org/10.1146/annurev-phyto-021621-121806 

6. Da Silva JAT, Rana TS, Narzary D, Verma N, Meshram DT, Ranade 
SA. Pomegranate biology and biotechnology: A review. Scientia 
Horticulturae. 2013;160:85-107. https://doi.org/10.1016/
j.scienta.2013.05.017 

7. Kanwar K, Rana R, Kashyap A. In vitro propagation of wild pome-
granate (Punica granatum L.). In: Jindal KK, Bawa R (Eds). Intel-
lectual Property Rights, Shiva Offset Press, Dehradun, India; 

2004:209-15. 

8. Kundu S, Sindhusha P, Kumar A. Micro-propagation techniques 
in horticultural crops and various factors affecting it: A review. 

Modern Phytomorphology. 2021;15:137-41. 

9. Abdalla N, El-Ramady H, Seliem MK, El-Mahrouk ME, Taha N, 
Bayoumi Y, et al. An academic and technical overview on plant 

micropropagation challenges. Horticulturae. 2022;8(8):677. 
https://doi.org/10.3390/horticulturae8080677 

10. Pal RK, KD Babu, NV Singh, A Maity, N Gaikwad.  Pomegranate 
research In India-status and future challenges. Progressive Hor-
tic. 2014;46(2):184-201.  

11. Kalalbandi BM, Waskar DP, Khandare VS, Gorad DS. Micropropa-
gation studies on pomegranate var. Bhagwa. Indian Journal of 
Horticulture. 2014;71(4):564-66. 

12. Dinesh RM, Patel AK, Vibha JB, et al. Cloning of mature pome-
granate (Punica granatum) cv. Jalore seedless via in vitro shoot 
production and ex vitro rooting. Vegetos. 2019;32:181-89. 

https://doi.org/10.1007/s42535-019-00021-8 

13. Raman T, Gupta VS, Shukla. A robust micropropagation proto-
col for genetically true to type plants of Phule Arakta pomegran-

ate. Indian Journal of Horticulture. 2019;76(1):23-31. https://
doi.org/10.5958/0974-0112.2019.00004.5 

14. Verma V, Zinta G, Kanwar K. Optimization of efficient direct 
organogenesis protocol for Punica granatum L. cv. Kandhari 
Kabuli from mature leaf explants. In vitro Cell Dev Biol Plant. 

2021;57:48-59. https://doi.org/10.1007/s11627-020-10111-x 

15. Jahan B, Rasheed F, Sehar Z, Fatma M, Iqbal N, Masood A, et al. 
Coordinated role of nitric oxide, ethylene, nitrogen and sulfur in 

plant salt stress tolerance. Stresses. 2021;1(3):181-99. https://
doi.org/10.3390/stresses1030014 

16. Hajihashemi S, Jahantigh O. Nitric oxide effect on growth, physi-
ological and biochemical processes, flowering and postharvest 
performance of Narcissus tazzeta. Journal of Plant Growth Regula-

tion. 2022;7:1-6. https://doi.org/10.1007/s00344-022-10596-3 

17. Mahendran G, Kumar D, Verma SK, Chandran A, Warsi ZI, Husain 
Z, et al. Sodium nitroprusside enhances biomass and gymnemic 

acids production in cell suspension of Gymnema sylvestre (Retz.) 
R. Br. ex. Sm. Plant Cell, Tissue and Organ Culture (PCTOC). 

2021;146(1):161-70. https://doi.org/10.1007/s11240-021-02058-7 

https://plantsciencetoday.online
https://doi.org/10.1177/2156587215598039
https://doi.org/10.1177/2156587215598039
https://doi.org/10.56093/ijas.v86i1.55252
https://doi.org/10.56093/ijas.v86i1.55252
https://doi.org/10.1007/s11627-012-9467-7
https://doi.org/10.1007/s11627-012-9467-7
https://doi.org/10.1146/annurev-phyto-021621-121806
https://doi.org/10.1016/j.scienta.2013.05.017
https://doi.org/10.1016/j.scienta.2013.05.017
https://doi.org/10.3390/horticulturae8080677
https://doi.org/10.1007/s42535-019-00021-8
https://doi.org/10.5958/0974-0112.2019.00004.5
https://doi.org/10.5958/0974-0112.2019.00004.5
https://doi.org/10.1007/s11627-020-10111-x
https://doi.org/10.3390/stresses1030014
https://doi.org/10.3390/stresses1030014
https://doi.org/10.1007/s00344-022-10596-3
https://doi.org/10.1007/s11240-021-02058-7


9 

Plant Science Today, ISSN 2348-1900 (online) 

18. Tan BC, Chin CF, Alderson P. Effects of sodium nitroprusside on 

shoot multiplication and regeneration of Vanilla planifolia An-
drews. In vitro Cell Dev Biol Plant. 2013;49:626-30. https://

doi.org/10.1007/s11627-013-9526-8 

19. Arun M, Naing AH, Jeon SM, Ai TN, Aye T, Kim CK. Sodium nitro-
prusside stimulates growth and shoot regeneration in chrysan-

themum. Horticulture, Environment and Biotechnology. 
2017;58(1):78-84. https://doi.org/10.1007/s13580-017-0070-z 

20. Krishna H, Alizadeh M, Singh D, Singh U, Chauhan N, Eftekhari M, 

Sadh RK. Somaclonal variations and their applications in horti-
cultural crops improvement. 3 Biotech. 2016;6(1):54. https://

doi.org/10.1007/s13205-016-0389-7 

21. Chen C, Lan J, Xie S, Cui S, Li A. In vitro propagation and quality 
evaluation of long-term micropropagated and conventionally 

grown Fagopyrum dibotrys Hara mutant, an important medici-
nal plant. Journal of Medicinal Plant Research. 2016;6:3003-12. 

https://doi.org/10.5897/JMPR11.1508 

22. Reddy MP, Sarla N, Siddiq EA. Inter simple sequence repeat 
(ISSR) polymorphism and its application in plant breeding. Eu-

phytica. 2002;128:9-17. https://doi.org/10.1023/
A:1020691618797 

23. Rohela GK, Jogam P, Prasad B, Christopher R. Indirect regenera-

tion and assessment of genetic fidelity of acclimated plantlets 
by SCoT, ISSR and  RAPD markers in Rauwolfia tetraphylla L.: An 

endangered medicinal plant. BioMed Res Intern. 2019. https://
doi.org/10.1155/2019/3698742 

24. Alhani MC, Wilkinson MJ. Inter simple sequence repeat polymer-

ase chain reaction for the detection of somaclonal varia-
tion. Plant Breeding. 1998;117(6):573-75. https://

doi.org/10.1111/j.1439-0523.1998.tb02210.x 

25. Murashige T, Skoog F. A revised medium for rapid growth and 
bio assays with tobacco tissue cultures. Plant Physiology. 

1962;15;473-97. 
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x 

26. Doyle Jeffrey. DNA protocols for plants. In: Molecular Tech-

niques in Taxonomy. Berlin, Heidelberg: Springer Berlin Heidel-
berg; 1991:283-93. https://doi.org/10.1007/978-3-642-83962-

7_18 

27. Liu X, Yang G. Assessment of clonal fidelity of micro-propagated 
guava (Psidium guajava) plants by ISSR markers. Australian 

Journal of Crop Science. 2012;6(2):291-95. 

28. Gaba VP. Plant growth regulators in plant tissue culture and 
development. N Trigiano Robert, J G Dennis (Eds.). Plant Devel-

opment and Biotechnology, CRC Press, Boca Raton, FL. 2005;87-
99. https://doi.org/10.1201/9780203506561.ch8 

29. Arasimowicz M, Floryszak-Wieczorek J. Nitric oxide as a bioac-

tive signalling molecule in plant stress responses. Plant Sci. 
2007;172:876-87. https://doi.org/10.1016/j.plantsci.2007.02.005 

30. Sarropoulou V, Maloupa E. Effect of the NO donor sodium nitro-

prusside (SNP), the ethylene inhibitor cobalt chloride (CoCl2) 

and the antioxidant vitamin E “α-tocopherol”on in vitro shoot 

proliferation of Sideritis raeseri Boiss & Heldr subsp. raeseri. 

Plant Cell Tiss Organ Cult. 2017;128:619-29. https://
doi.org/10.1007/s11240-016-1139-6 

31. Subiramani S, Sundararajan S, Sivakumar HP, Rajendran V, 
Ramalingam S. Sodium nitroprusside enhances callus induction 
and shoot regeneration in high value medicinal plant Canscora 

diffusa. Plant Cell Tissue Org Cult. 2019;139:65-75. https://
doi.org/10.1007/s11240-019-01663-x 

32. Pandey S, Sundararajan S, Ramalingam S, et al. Effects of sodi-
um nitroprusside and growth regulators on callus, multiple 
shoot induction and tissue browning in commercially important 

Valeriana jatamansi Jones. Plant Cell Tiss Organ Cult. 
2020;142:653-60. https://doi.org/10.1007/s11240-020-01890-7 

33. Hosseini R, Parsa M. Micropropagation of Aloe vera L. grown in 

South Iran. Pak J Biol Sci. 2007;10(7):1134-37. https://
doi.org/10.1007/BF00023959 

34. Hesami M, Tohidfar M, Alizadeh M, Daneshvar MH. Effects of 
sodium nitroprusside on callus browning of Ficus religiosa: an 

important medicinal plant. J For Res. 2020;31(3):789-96. https://

doi.org/10.1007/s11676-018-0860-x 

35. Xu J, Yin H, Wang W, Mi Q, Liu X. Effects of sodium nitroprusside 
on callus induction and shoot regeneration in micro-

propagated Dioscorea opposita. Plant Growth Regulation. 
2009;59(3):279-85. https://doi.org/10.1007/s10725-009-9410-z 

36. Tun NN, Holk A, Scherer GF. Rapid increase of NO release in 
plant cell cultures induced by cytokinin. FEBS Letters. 2001;509

(2):174-76. https://doi.org/10.1016/S0014-5793(01)03164-7 

37. Dong YJ, Jinc SS, Liu S, Xu LL, Kong J. Effects of exogenous nitric 
oxide on growth of cotton seedlings under NaCl stress. J Soil Sci 

Plant Nutr. 2014;14:1-13. https://doi.org/10.4067/S0718-

95162014005000001 

38. Jafari M, Daneshvar MH. Effects of sodium nitroprusside on 
indirect shoot organogenesis and in vitro root formation of Ta-
getes erecta: an important medicinal plant. Polish Journal of 

Applied Sciences. 2020;5(3):14-19. 

39. Jafari M, Shahsavar AR. Sodium nitroprusside: its beneficial role 
in drought stress tolerance of Mexican lime (Citrus aurantifolia 

(Christ.) Swingle) under in vitro conditions. In vitro Cellular and 

Developmental Biology-Plant. 2022;58(1):155-68. https://
doi.org/10.1007/s11627-021-10218-9 

40. Karthik S, Pavan G, Krishnan V, Sathish S, Manickavasagam M. 
Sodium nitroprusside enhances regeneration and alleviates 

salinity stress in soybean [Glycine max (L.) Merrill]. Biocat Agric 

Biotechnol. 2019;19:101173. https://doi.org/10.1016/
j.bcab.2019.101173 

41. Han X, Yang H, Duan K, Zhang X, Zhao H, You S, Jiang Q. Sodium 

nitroprusside promotes multiplication and regeneration of Ma-
lus hupehensis in vitro plantlets. Plant Cell Tissue Organ Cult. 

2009;96:29-34. https://doi.org/10.1007/s11240-008-9456-z 

42. Kalra C, Babbar SB. Nitric oxide promotes in vitro organogenesis 
in Linum usitatissimum L. Plant Cell Tiss Organ Cult. 

2010;103:353-59. https://doi.org/10.1007/s11240-010-9788-3 

43. Kalra C, Babbar SB. Stimulatory and period-specific effect of 
nitric oxide on in vitro caulogenesis in Albizzia lebbeck (L.) 

Benth. Acta Physiol Plant. 2012;34:387-92. https://
doi.org/10.1007/s11738-011-0798-5 

44. Lizárraga A, et al. In vitro propagation and recovery of eight 
apple and two pear cultivars held in a germplasm bank. Ameri-

can Journal of Plant Sciences. 2017;8:2238-54. https://

doi.org/10.4236/ajps.2017.89150 

45. Bettoni JC, et al. Cryotherapy by encapsulation-dehydration is 
effective for in vitro eradication of latent viruses from 

‘Marubakaido’ apple rootstock. Journal of Biotechnology. 
2018;269:1-7. https://doi.org/10.1016/j.jbiotec.2018.01.014 

46. Pagnussat GC, Lanteri ML, Lamattina L. Nitric oxide and cyclic 
GMP are messengers in the indole acetic acid-induced adventi-

tious rooting process. Plant Physiol. 2003;132:1241-48. https://

doi.org/10.1104/pp.103.022228 

47. Sarropoulou V, Dimassi-Theriou K, Therios I. Effect of sodium 
nitroprusside on micropropagation and biochemical parame-

ters of CAB-6P and Gisela 6 cherry rootstocks. Turk J Biol. 
2015;39(4):595-610. https://doi.org/10.3906/biy-1409-68 

48. Zafarghandi MSR, Joneidabad RM. Indirect shoot organogenesis 
and in vitro root formation of Antirrhinum majus L. by using of 

sodium nitroprusside. Advances in Horticultural Science. 

2020;34(1):105-11. 

https://doi.org/10.1007/s11627-013-9526-8
https://doi.org/10.1007/s11627-013-9526-8
https://doi.org/10.1007/s13580-017-0070-z
https://doi.org/10.1007/s13205-016-0389-7
https://doi.org/10.1007/s13205-016-0389-7
https://doi.org/10.5897/JMPR11.1508
https://doi.org/10.1023/A:1020691618797
https://doi.org/10.1023/A:1020691618797
https://doi.org/10.1155/2019/3698742
https://doi.org/10.1155/2019/3698742
https://doi.org/10.1111/j.1439-0523.1998.tb02210.x
https://doi.org/10.1111/j.1439-0523.1998.tb02210.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1007/978-3-642-83962-7_18
https://doi.org/10.1007/978-3-642-83962-7_18
https://doi.org/10.1201/9780203506561.ch8
https://doi.org/10.1016/j.plantsci.2007.02.005
https://doi.org/10.1007/s11240-016-1139-6
https://doi.org/10.1007/s11240-016-1139-6
https://doi.org/10.1007/s11240-019-01663-x
https://doi.org/10.1007/s11240-019-01663-x
https://doi.org/10.1007/s11240-020-01890-7
https://doi.org/10.1007/BF00023959
https://doi.org/10.1007/BF00023959
https://doi.org/10.1007/s11676-018-0860-x
https://doi.org/10.1007/s11676-018-0860-x
https://doi.org/10.1007/s10725-009-9410-z
https://doi.org/10.1016/S0014-5793(01)03164-7
https://doi.org/10.4067/S0718-95162014005000001
https://doi.org/10.4067/S0718-95162014005000001
https://doi.org/10.1007/s11627-021-10218-9
https://doi.org/10.1007/s11627-021-10218-9
https://doi.org/10.1016/j.bcab.2019.101173
https://doi.org/10.1016/j.bcab.2019.101173
https://doi.org/10.1007/s11240-008-9456-z
https://doi.org/10.1007/s11240-010-9788-3
https://doi.org/10.1007/s11738-011-0798-5
https://doi.org/10.1007/s11738-011-0798-5
https://doi.org/10.4236/ajps.2017.89150
https://doi.org/10.4236/ajps.2017.89150
https://doi.org/10.1016/j.jbiotec.2018.01.014
https://doi.org/10.1104/pp.103.022228
https://doi.org/10.1104/pp.103.022228
https://doi.org/10.3906/biy-1409-68


PAL  ET AL   10  

https://plantsciencetoday.online 

49. Tewari RK, Kim S, Hahn EJ, et al. Involvement of nitric oxide-

induced NADPH oxidase in adventitious root growth and antiox-
idant defense in Panax ginseng. Plant Biotechnol Rep. 

2008;2:113-22. https://doi.org/10.1007/s11816-008-0052-9 

50. Gougerdchi V, Dorani E, Valizadeh M, Agazadeh R. Effect of sodi-
um nitroprusside and some plant growth regulators on shoot 

regeneration and plantlet development in Lycopersicon esculen-
tum Mill. Journal of Plant Molecular Breeding. 2021;9(2):43-51. 

51. Ghimire B, Rogan J, Galiano VR, Panday P, Neeti N. An evalua-

tion of bagging, boosting and random forests for land-cover 
classification in Cape Cod, Massachusetts, USA. GIScience and 

Remote Sensing. 2012;49(5):623-43. https://
doi.org/10.2747/1548-1603.49.5.623 

52. Martinez O. Selection of molecular markers for the estimation of 

somaclonal variation. Methods. Mol Biol. 2018;1815:103-29. 
https://doi.org/10.1007/978-1-4939-8594-4_6 

53. Nilkanta H, Amom T, Tikendra L, Rahaman H, Nongdam P. ISSR 

marker based ppulation genetic study of Melocanna baccifera 
(Roxb.) Kurz: a commercially important bamboo of Manipur, 

North-East India. Scientifica (Cairo). 2017. https://doi.org/ 
10.1155/2017/3757238 

54. Baghel S, Bansal YK. In vitro regeneration of Guizotia abyssinica 

Cass. and evaluation of genetic fidelity through RAPD markers. 

South Afr J of Bot. 2017;109:294-307. https://doi.org/10.1016/

j.sajb.2017.01.002 

55. Cichorz S, Gośka M, Mańkowski DR. Miscanthus×giganteus: re-
generation system with assessment of genetic and epigenetic 
stability in long-term in vitro culture. Ind Crop Prod. 

2018;116:150-61. https://doi.org/10.1016/j.indcrop.2018.02. 055 

56. Tikendra L, Koijam AS, Nongdam P. Molecular markers based 
genetic fidelity assessment of micropropagated Dendrobium 

chrysotoxum Lindl. Meta Gene. 2019;100562. https://

doi.org/10.1016/j.mgene.2019.100562 

57. Kumar S, Mangal M, Dhawan AK, Singh N. Assessment of genetic 
fidelity of micropropagated plants of Simmondsia chinensis 
(Link) Schneider using RAPD and ISSR markers. Acta Physiologia 

Plantarum. 2011;33:2541-45. https://doi.org/10.1007/s11738-

011-0767-z 

58. Venkatasalam EP, Tiwari JK, Richa Sood RS, Tavleen Kaur TK, 
Aarti Bairwa AB. Morphological and molecular based genetic 

stability assessment of in vitro propagated potato micro-plants. 
Int J of Tropical Agriculture. 2016;289-301. 

59. Bhatia R, Singh KP, Sharma TR, Jhang T. Evaluation of the ge-
netic fidelity of in vitro-propagated gerbera (Gerbera jamesonii 

Bolus) using DNA-based markers. Plant Cell Tissue and Organ 

Culture. 2011;104:131-35. https://doi.org/10.1007/s11240-010-
9806-5  

https://plantsciencetoday.online
https://doi.org/10.1007/s11816-008-0052-9
https://doi.org/10.2747/1548-1603.49.5.623
https://doi.org/10.2747/1548-1603.49.5.623
https://doi.org/10.1007/978-1-4939-8594-4_6
https://doi.org/%2010.1155/2017/3757238
https://doi.org/%2010.1155/2017/3757238
https://doi.org/10.1016/j.sajb.2017.01.002
https://doi.org/10.1016/j.sajb.2017.01.002
https://doi.org/10.1016/j.indcrop.2018.02.%20055
https://doi.org/10.1016/j.mgene.2019.100562
https://doi.org/10.1016/j.mgene.2019.100562
https://doi.org/10.1007/s11738-011-0767-z
https://doi.org/10.1007/s11738-011-0767-z
https://doi.org/10.1007/s11240-010-9806-5
https://doi.org/10.1007/s11240-010-9806-5

