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ABSTRACT

Sugarcane has acquired signifi cant importance in the world economy because of the sugar and ethanol production. 
Therefore, rapid multiplication of outstanding sugarcane variety is necessary in developing countries. The aim of this 
investigation was to compare regeneration effi ciency of various explants and genetic fi delity of regenerated plantlets 
certifi ed by using DNA-based molecular markers, that is, random amplifi ed length polymorphism (RAPD) and inter simple 
sequence repeats (ISSR). The sugarcane plantlets were obtained through direct (axillary buds, apical meristem, and leaf 
whorl disk) and indirect (callus culture) shoot organogenesis from the variety Co 86032. Among all the explants, highest 
shoot forming ability was observed in axillary buds showed 97.66±0.66% shoot formation and the highest number of 
shoots per explants (4.33±0.24) and a total number of regenerated shoots (173.00±8.11) were observed in the leaf whorl 
disk. Morphological variation was not observed among the regenerated plants from various explants and therefore, 
genomic DNA was isolated from fresh leaves and genetic fi delity assessment was carried out using RAPD and ISSR. Both 
the markers produced 1368 and 2271 bands, respectively, including all the tested plants, indicates that plants derived 
from direct organogenesis did not show any polymorphism. However, a genetic variation has been observed in the plants 
derived from callus and showed 4.54% polymorphism during analysis. The results suggested that plants regenerated from 
direct organogenesis are of more true-to-type, whereas genetic variation occurs during indirect organogenesis. Combina-
tion of RAPD along with ISSR can be used for detection of genetic variation in the early stage in sugarcane micropro-
pagation. High performance of regeneration and low risk of genetic variation ascertains the effi ciency of this operation.
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INTRODUCTION

Sugarcane (Saccharum offi cinarum L.) is a member of 
the Poaceae family and is an imperative cash crop. Sug-
arcane produces around 70% to 80% of sugar world-
wide and 100% in India (Suprasanna et al. 2011; Thorat 
et al. 2017). In India, sugarcane is cultivated under a 
wide range of agro-climatic conditions and secured a 
distinct position after cotton, and as an agro-industrial 
crop because of the prominent source of effi ciently vital 
product (sugar) as well as by-products (bagasse, molas-
ses, and press mud) playing a major role in the eco-
nomic progress of small and large-scale industrial sec-
tors. In a tropical climate, the cultivation of sugarcane is 
more successful in terms of cane yield and sugar recov-
ery throughout the year (Thorat et al. 2015; Singh and 
Shami, 2017).

Sugarcane is recognized as the most competent crop, 
which converts solar energy into harvestable chemical 
energy in the form of sucrose and biomass (Joyce et al. 
2010). Sugarcane varieties are highly heterogeneous and 
usually multiplied by stem cutting method. The stems 
of sugarcane with two to three nodes are generally used 
for plantation in many tropical countries (Behara and 
Sahoo, 2009). Owing to the unavailability of standard-
ized multiplication procedure and contamination by 
systematic microorganism is the serious challenge to 
multiply an elite genotype of sugarcane (Lal and Singh, 
1994; Thorat et al. 2016).

However, plant tissue culture of sugarcane has 
received extensive research attention because of its eco-
nomic consequence (Behara and Sahoo, 2009). During 
the past four decades, plant tissue culture is used for the 
large-scale micropropagation in commercial horticul-
ture and agriculture worldwide (Das et al. 1996). Gener-
ally, plant tissue culture technique is used for providing 
the highest number of healthy plantlets within the short 
duration, which is useful for rapid spreading of newly, 
released sugarcane varieties in short duration (Fildmann 
et al. 1994). In sugarcane, various explants like apical 
meristem (Devarumath et al., 2007), axillary buds (Thorat 
et al. 2016), leaf whorl disk (Gill et al. 2006; Kaur et al. 
2015), callus (Behara and Sahoo, 2009), and cell suspen-
sion culture (Thorat et al. 2017) were used for rapid mul-
tiplication. During the process, to maintain genetic fi del-
ity of the micro-propagated plantlets with respect to the 
mother plants are major concerns. Despite the advan-
tages of micropropagation, many genera including sug-
arcane has been found polymorphic,(Devarumath et al., 
2007; Lal et al. 2007, Rizvi et al, 2012 and Thorat et al. 
2017). 

Since last few years, a range of DNA-based molecu-
lar markers have been utilized for fast and recogniz-
able assessment of the genetic similarity of micropro-

pagated plants including sugarcane (Devarumath et al., 
2002 and 2007; Lal et al. 2007; Goel et al. 2009; Rizvi et 
al, 2012; Kshirsagar et al. 2015). The random amplifi ed 
length polymorphism (RAPD) and inter simple sequence 
repeats (ISSR) are easy, reliable, quick technique to per-
form, it did not require past knowledge of the nucleotide 
sequence of the organism, and requisite less amount of 
DNA as well as comparatively less expensive and pro-
vides effective variation at multiple loci in DNA (Wil-
liams et al. 1990; Ceasar et al. 2010 Govindraj et al. 
2015).The present work was performed with an objective 
to establish the rapid and effi cient micropropagation 
method by using various types of sugarcane explants, 
and study their genetic variation occurred during the 
process of direct and indirect organogenesis using 
molecular markers (RAPD and ISSR). 

MATERIAL AND METHODS

The sugarcane var. Co 86032 grown in experimen-
tal farms of Vasantdada Sugar Institute, Manjari (Bk.), 
Pune, Maharashtra, India was used in this investigation. 
The plants were regenerated from direct (axillary buds, 
apical meristem, leaf whorl disk) and indirect (callus) 
organogenesis.

DIRECT ORGANOGENESIS

Axillary buds culture

The axillary buds were collected from 6 to 8-month old 
fi eld-grown sugarcane. The sugarcane were sets cleaned 
properly by washing under running tap water followed 
by 0.1% Tween-20 solution for 15 min. After choosing 
50 healthy axillary buds, were dissected properly (1–1.5 
cm2) with the help of scalpels and kept in antioxidant 
solution (0.1% citric acid and 0.1% ascorbic acid) for 
15 min followed by surface sterilized with Bavistin™ 
(0.1%) and streptomycin (0.1%) for 15 min at 25±1°C 
(Thorat et al. 2016). Sterilized buds were inoculated in 
primary shoot regeneration medium supplemented with 
sucrose (30 g/l), casein hydrolysate (0.5 g/l), polyvinyl 
pyrrolidone-40 (100 mg/l), inositol (20 mg/l), thymine 
(1 mg/l), and 6-benzylaminopurine (BAP) (3 mg/l) con-
taining 0.5% plant preservative mixture and incubated 
at 28±1°C with a 16 h photoperiod for1 month (Thorat 
et al. 2016).

Apical meristem culture

The apical meristems were excised from 4 to 5-month 
old fi eld-grown sugarcane tops. The cane tops were sur-
face sterilized with the above mentioned procedure. In 
total, 50 number of apical meristem was obtained by 
removing the outer layers and the innermost part (2–3 
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mm) were aseptically transferred to test tubes containing 
Murashige and Skoog (1962) basal (MS) medium supple-
mented with kinetin and BAP (Sawant and Tawar, 2011) 
and allowed to grow for 20–30 days.

Leaf whorl disk culture

Expanded leaves from the harvested shoot tops were 
removed and washed with 0.1% Teepol™ for 4–5 min 
followed by a rinse under tap water for 10–12 min. The 
external whorls of mature leaves were removed till a 
spindle of 8–10 cm in length and ~1.0 cm in diameter 
was obtained (Kalunke et al. 2009; Babu and Nerkar, 
2012). Then these spindle explants were treated with 
70% ethanol for 30 sec followed by 0.1% Bavistin™ and 
0.1% streptomycin for 15 min, then surface sterilized 
with 0.1% HgCl2 for 20 min. These sterilized explants 
were washed thrice with sterile distilled water to remove 
the traces of HgCl2. After surface sterilization treatment, 
leaf whorls were washed thoroughly in sterilized distilled 
water for 3–4 times and external layers of leaf sheath 
were pulled out one by one until the cylinder reached 
approximately 0.5–1 cm in diameter. The 50 cylinders 
were cut transversely into thin slices (1–1.5 mm thick) 
and inoculated on MS medium supplemented with 5.0 
mg/l naphthaleneacetic acid (NAA) with 0.5 mg/l kine-
tin (Kaur and Sandhu, 2015). About 30 explants were 
taken per treatment and number of replications per 
treatment was three. The cultures were incubated under 
light (~3000 Lux) at 26±2°C and 16/8 h (light/dark) pho-
toperiod regimes.

INDIRECT ORGANOGENESIS

Callus culture

The thin slices (1–1.5 mm thick) of the leaf whorl after 
sterilization (above mention), inoculated on callus 
induction medium containing MS basal medium supple-
mented with sucrose (20 g/l), coconut water (100 ml/l), 
polyvinylpyrrolidone-40 (PVP) (500 mg/l), casein hydro-
lysate (500 mg/l), 2-ethanesulfonic acid (MES buffer) 
(500 mg/l), thiamine HCl (1 mg/l), inositol (20 mg/l), and 
proline (500 mg/l) were incubated in dark at 28±2ºC for 
2weeks. Well proliferated 50 embryogenic calli (0.5 cm2) 
were transferred to shoot regeneration medium.

Shoot multiplication

After 1 month-inoculation, regenerated shoots from 
various explants were isolated without damaging their 
basal portion. Single shoot or shoots clusters were trans-
ferred to culture bottles containing secondary shoot mul-
tiplication medium containing liquid MS basal medium 
supplemented with 30 g/l sucrose, 0.5g/l casein hydro-
lysate, 100 mg/l PVP, 20 mg/l inositol, 1 mg/l thiamine 
HCl, 1 mg/l kinetin, 0.5 mg/l NAA, and 2 mg/l 6-ben-

zylaminopurine. The culture bottles were incubated at 
26±2°C with a 16/8 h (light/dark) photoperiod regimes 
for 4 weeks on illuminated shakers. 

Rooting of shoots and acclimatization

Elongated shoots (4–5 cm) after 4 weeks from SSRM 
were transferred to half-strength MS basal medium 
supplemented with 0.5 mg/l NAA. Root induction was 
promoted by incubated at room temperature for 16/8 
h (light/dark) photoperiod regimes. After 15–20 days, 
shoot showing prominent roots was considered as rooted 
plantlets. In total, 10–12-weeks old rooted plants were 
carefully cleaned with water to remove excess agar, then 
transferred in plastic bags fi lled with soil mixture con-
taining 1 part of sand, 1 part of the coco peat, and 1 part 
of vermicompost (v/v) and irrigated with water for the 
next 2 weeks under greenhouse condition. 

Genetic stability analysis using molecular markers (RAPD 

and ISSR)

Total genomic DNA from young leaves of the mother 
plant and in-vitro raised plants was isolated by the 
method described by Aljanabi et al. (1999). The qual-
ity and quantity of genomic DNA were determined by 
0.8% agarose gel electrophoresis and by UV-vis spec-
trophotometry. The fi nal concentration of extracted 
genomic DNA was made to 50 ng/μl and stored at −20°C 
till further use. Two sets of primers including arbitrary 
(RAPD) and semi-arbitrary (ISSR) were used for analysis 
of genomic DNA ofthe mother plant and in-vitro raised 
plantlets. In total, 10 primers each of RAPD (OPH series, 
Operon Technologies, INC. California, USA) (Table 2) and 
ISSR primers (UBC series, University of British Columbia, 
Vancouver, Canada) (Table 3) were selected on the basis 
of preliminary screening and their reproducibility. PCR 
analysis was done with slight modifi cations (Williams et 
al. 1990). For RAPD, DNA amplifi cation was carried out 
with total reaction mixture volume of 20 μl consisting 
50 ng template DNA (1 μl), 10x PCR buffer with MgCl2 
(2 μl), 250 μM dNTPs (2 μl), 0.25 μM primer (2 μl), 1U 
Taq DNA polymerase (0.2 μl), and sterile nuclease-free 
distilled water (12.8 μl). PCR was performed on Thermal 
cycler (Applied Biosystem, USA) at initial temperature of 
94°C (5 min, 1 cycle), followed by 40 cycles of 1 min at 
94°C, 1 min at 37°C, 2 min at 72°C, and fi nal extension 
cycle of 10 min at 72°C. In the case of ISSR, the reaction 
mixture was made similar to RAPD. However, PCR was 
carried out using initial denaturation at 95°C for 5 min 
followed by 40 cycles 1 min at 94°C, 1 min at 50–54°C 
(depending upon the primer), 2 min at 72°C, and fi nal 
extension cycle of 10 min at 72°C. The samples were 
stored at 4°C until further analysis was carried out. The 
PCR products were resolved on 1.5 % (w/v) agarose gel 
with 1x TBE buffer, stained with ethidium bromide and 
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FIGURE 1. Diagrammatic/schematic representation of micropropagation protocol for sugarcane 
(Saccharum offi cinarum L.) using direct and indirect organogenesis.

documented under UV light. The fragment size was esti-
mated using 1 kb DNA ladder.

Statistical Analysis

All experiments were performed twice, with three inde-
pendent replicates. Genomic DNA was extracted from the 
same bulk sample to maintain the consistency of results. 
The data were analyzed using Microsoft Excel 2010 and 
SPSS (Statistical package for the social sciences; soft-
ware package version 16). One-way ANOVA (Analysis 
of variance) was applied to test mean differences of all 
treatments while the statistically signifi cant difference 
between mean values was established at p value ≤0.05 
while Duncan’s New Multiple Range Test was used. The 
results were expressed as mean ±SE. For RAPD and ISSR 
analysis, a band with same mobility were counted as an 
identical band while each amplifi ed product was scored 
as present (1) or absent (0), bands of low intensity that 
were diffi cult to be distinguished as present or absent 
were not considered.

RESULTS AND DISCUSSION

Somaclonal variations have been frequently reported in 
tissue culture raised plants. The occurrence of variation-

during in-vitro propagation is because of the source of 
explants and the pathway of regeneration (Goto et al. 
1998). The present study was conducted to screen in-
vitro plant regenerationin sugarcane from direct (axil-
lary buds, apical meristem, leaf whorl disk) and indirect 
(callus) organogenesis and to confi rm genetic stabil-
ity, in-vitro regenerated plants were evaluated through 
RAPD and ISSR markers. Micropropagation protocol for 
sugarcane was standardized in an earlier report through 
apical meristem (Sawant and Tawar, 2011), axillary buds 
(Thorat et al. 2016), direct shoot regeneration from leaf 
whorl disk (Kaur and Sandhu, 2015) and indirect organo-
genesis from embryogenic callus (Gill et al. 2004). Shoot 
formation was observed from all types of explants in 
sugarcane var. Co86032 and the regenerated shoots were 
multiplied on SSRM medium. Numbers of regenerated 
shoots were varied by type of explant and method of 
regeneration and depicted in Fig. 1 and Table 1. 

Observations were taken after 30 days of initial cul-
ture. Different explants showed healthy regenerated 
shoots. Among all types of explants, a number of explants 
showed shootsformation were observed highest from 
axillary buds culture (48.33±0.33) followed by the api-
cal meristem (46.67±0.88), leaf whorl disk (40.00±1.00), 
and lowest in callus (37.33±1.76). The variation of shoot 
proliferation in different explant is might be because of 
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incompatibility of tissue with the nutrients in medium, 
tissue damage during pretreatment and surface steriliza-
tion and moreover inabilities of cells to further re-dif-
ferentiate into growing tissue (Thorat et al. 2016). How-
ever, the number of shoots regenerated from leaf whorl 
disk was highest (173.00±8.11) followed by the apical 
meristem (98.66±4.80), axillary buds (60.00±2.08), and 
lowest in callus culture (51.33±6.17). The possibility of 
variation was because of non-response of explant like 
browning and development of non-regenerable callus. 
The highest number of regenerated shoots per explants 
were observed in leaf whorl disk (4.33±0.24) followed by 
the apical meristem (2.11±0.06), callus from leaf whorl 
disk (1.40±0.25), and the lowest was in axillary buds 
(1.24±0.03). Similar results were reported in sugarcane 
variety CoPb 91 and found four shoots per spindle, after 
28 days of initial culture of the leaf whorl disk (Kaur and 
Sandhu, 2015). In apical meristem culture of sugarcane 
var. HSF-240, CP-77-400, and CPF-237 showed 5.83 
shoots per explants after 3 weeks is almost thrice com-
pare to current results. The highest numbers of healthy 
shoots in terms of shoot length were found in the range 
from 101.16±10.66 mm (axillary buds) to 98.81±8.52 
mm (callus culture). 

Similar results in terms of shoot length (105 mm) 
were observed by Khan et al. (2008) in the various sug-
arcane cultivars. After 30 days of initial culture, all the 
regenerated shoots were transferred to SSRM for further 
multiplication and shoot elongation. It was observed 
rapid multiplication of shorts in the second subculture 
and found approximately four times shoot multipli-
cation after 60 days. The highest number of multiple 
shoots was observed in leaf whorl disk (693.33±32.44) 
followed by the apical meristem (394.00±19.22), axillary 
buds (240.00±8.32), and callus (205.33±24.69). Kaur and 
Sandhu (2015) found that 448 shoots were regenerated 
from leaf whorl disk after second subculture (2 months) 
in sugarcane cultivar CoPb 91. Over a period of 60 days 
of initial culture, numbers of plants regenerated from 
direct regeneration were more comparing with indirect 
regeneration. 

All the regenerated shoots after 60 days of culture 
were transferred to the rooting medium for develop-
ing roots. Root formation was observed from almost all 
the shoots after 2weeks of culture on rooting medium. 
In the present investigation, no signifi cant differences 
were found with respect to the rooting percentage, root 
length, and number of roots per shoots (Table 1). The 

FIGURE 2. RAPD profi le of regenerated plantlets from: axillary buds (1-9), callus (10-18), apical meristem 
(19-27) and leaf whorls (28-36), 1 kb DNA marker (M).



66 PLANT REGENERATION FROM DIRECT AND INDIRECT ORGANOGENESIS AND ASSESSMENT BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

 Avinash S. Thorat et al.

FIGURE 3. ISSR profi le of regenerated plantlets from: axillary buds (1-9), callus (10-18), apical meristem 
(19-27) and leaf whorls (28-36), 1 kb DNA marker (M)

Table 3. Molecular polymorphism analyzed by ISSR markers.

Sr. 
No

Primer 
code

Primer 
sequence
(5’ to 3’)

Direct organogenesis
Indirect 

organogenesis Size 
range 
(bp)

Axillary buds Apical meristem Leaf whorl disk Callus culture

nSB nMB nPB nSB nMB nPB nSB nMB nPB nSB nMB nPB

1 UBC-817 (CA)8A 7 7 0 7 7 0 7 7 0 7 7 0 500-1500

2 UBC-835 (AG)8YC 4 4 0 4 4 0 4 4 0 4 4 0 250-1000

3 UBC-836 (AG)8YA 4 4 0 4 4 0 4 4 0 7 4 3 500-1000

4 UBC-844 (CT)8RC 7 7 0 7 7 0 7 7 0 7 7 0 500-2000

5 UBC-849 (GT)8YA 6 6 0 6 6 0 6 6 0 6 6 0 500-1000

6 UBC-850 (GT)8YC 5 5 0 5 5 0 5 5 0 5 5 0 500-1000

7 UBC-855 (AC)8YT 9 9 0 9 9 0 9 9 0 9 9 0 250-3000

8 UBC-857 (AC)8YG 6 6 0 6 6 0 6 6 0 6 6 0 250-1000

9 UBC-864 (ATG)6 7 7 0 7 7 0 7 7 0 7 7 0 250-2500

10 UBC-868 (GAA)6 8 8 0 8 8 0 8 8 0 8 8 0 750-3000

Total 63 63 0 63 63 0 63 63 0 66 63 3

Percentage (%)   100 0   100 0   100 0   95.45 4.54  

nSB- total number of scorable bands, nMB- number of monomorphic bands, nPB- number of polymorphic bands.
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highest numbers of profuse roots in terms of root length 
were found in the range between 29.33 and 25.33 mm 
and number of roots per shoot was ranging from 5.96 
to 4.95 (Table 1). Kaur et al. (Kaur and Sandhu, 2015) 
showing 100% root induction after 14 days in sugarcane 
cultivar CoJ 83. Khan et al. (2009) reported that shoots 
on rooting medium showing 38 mm in length after 12 
days of incubation. The rooting responses in all the cul-
tures are equal and as such no defi nite differentiations 
were observed. All the regenerated plants were acclima-
tized in greenhouse conditions. Around 95% plants were 
survived.

The present study was performed to screen the plant-
lets regenerated from direct shoot organogenesis (axil-
lary buds, apical meristem, and leaf whorl disk) and 
indirect shoot organogenesis (callus culture) of sugar-
cane var. Co 86032. PCR-based markers like RAPD and 
ISSR were employed in genetic fi delity assay. The plants 
analyzed, representing in-vitro rooted plantlets after 1st 

multiplication passages. The leaves were collected from 
these samples randomly. A total of 15 RAPD and 15 
ISSR markers were used for preliminary screening with 
the mother plant of sugarcane. Based on the reproduc-
ible band, only 10 of each were selected. 

Of the 15 RAPD primer used for the preliminary 
screening, only 10 primers formed reproducible and 
scorable banding pattern. These 10 primers produce 38 
distinct bands ranging from 1 (OPH-09) to 6 (OPH-13 
and 18) with an average of 3.8 bands per primer and 
produced a unique set of amplifi cation product ranging 
from band size of 250 bp to 3000 bp. A total of 1368 
bands (No. of plants analyzed from various explants × 
No. of band classes with all RAPD primers) was gen-
erated in all plantlets from different sections. Primer 
OPH-09 and OPH-16 amplifi ed the lowest number of 
one band from each primer. However, OPH-13 and OPH-
18 amplifi ed the maximum number of 6 bands each. 
Overall no polymorphism was detected among the plants 
derived from direct and indirect organogenesis (Table 2). 
The RAPD profi les of the regenerates are depicted in Fig. 
2. Similar results were reported in micro-propagated 
shoots of Curcuma longa (Salvi et al. 2001), sugarcane 
(Khan et al. 2009), Gerbera jasmesonii (Bhatia et al. 2011), 
Momordica dioica (Rai et al. 2012), Terminallia bellerica 
(Dangi et al. 2014), and Dendrocalamus strictus (Goyal 
et al. 2015). Zucchi et al. (Zucchi et al. 2002) reported 
that polymorphism occurred in sugarcane shoots regen-
erated from meristem cultures because of the number of 
subcultures and RAPD analysis was used for detection 
of polymorphism.

Out of 15 ISSR primers used in the preliminary 
screening, only 10 primers produced clear and repro-
ducible bands. The 10 ISSR primers produced 66 dis-
tinct and scorable bands in the size range of 250–3000 

bp. The number of scorable bands from for each primed 
varied from 4 (UBC-835, 836) to 9 (UBC-855), with an 
average 6.6 bands per primer (Table 3). A total of 2271 
bands were generated in all plantlets from different sec-
tions. The polymorphism was not occurred in regener-
ated shoots from axillary buds, apical meristem, and leaf 
whorl disk during the analysis. Erig and Schuch (2003) 
and Hsie et al. (2015) observed similar results in sug-
arcane and showed 100% true-to-type plantlets. The 
present results enlighten the fact that plants developed 
from direct organogenesis are highly stable than those 
obtained from indirect oraganogenesis (callus) (Kamen-
ickà and Rypák, 1989). However, plant raised from indi-
rect organogenesis (through callus phase) has observed 
that only one primer (UBC-836) showed three polymor-
phic and four monomorphic distinct bands (Figure 3). 
In ISSR primer analysis total 95.45% monomorphic and 
remaining 4.55% polymorphic bands were observed 
(Table 3). Similar results of polymorphism also observed 
during micropropagation in Swertia chirayita (Joshi and 
Dhawan, 2007) and in Gerbera jamesonii (Bhatia et al. 
2011). 

The possible reasons for polymorphism observed 
during analysis that occurred in in-vitro raised plant-
lets regenerated from mother plants using indirect 
organogenesis might be because of source of applica-
tion of growth regulators during callus induction, shoot 
regeneration, duration of cell, and tissue multiplication, 
accumulating mutations during the process of indirect 
organogenesis, etc. (Goel et al. 2009; Rizvi et al. 2012; 
Chavan et al. 2014; Kshirsagar et al. 2015; Thorat et al. 
2017). Similarly, ISSR primers were competent to detect 
polymorphism in Camellia chinensis (Devarumath et 
al. 2002), Stevia (Martin et al. 2004), Gerbera jameso-
nii (Bhatia et al. 2011), Tylophora indica (Sharma et al. 
2014), Dendrocalamus strictus (Goyal et al. 2016), Morus 
alba (Saha et al. 2016) and Saccharum offi cinarum 
(Thorat et al. 2017).

The regenerated plantlets did not show any measur-
able dissimilarity in morphology when compared to the 
respected mother plant. However, sometimes a variation 
occurs during micropropagation and cannot be observed 
because the structural difference in the gene product 
does not always change its biological activity to extend 
for phenotypic expression. The presence or absence of 
genetic variation during in-vitro regeneration depends 
upon the source of the explants and the method of the 
regeneration (Goto et al. 1998) and fi nest levels of plant 
growth substances have also related with somaclonal 
variation (Martin et al. 2004). RAPD and ISSR are the 
simple, cost-effective PCR-based techniques used in this 
study to check the genetic similarity in in-vitro regen-
erated plants. This marker amplifi es the different loci 
of the genome which allows better chances for identi-
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fi cation of variation at the genetic level (Martin et al. 
2004). Thus, confi rmation of the similarity at the genetic 
level is needful by DNA analysis techniques. Therefore, 
in this study two DNA-based molecular markers (RAPD 
and ISSR) were employed for genetic fi delity analysis of 
both direct and indirect organogenesis derived plantlets 
of Co86032.

CONCLUSION

In the present investigation,the molecular study revealed 
that the micropropagated plants from direct organo-
genesis were genetically similar with respect to the 
mother plant and no differentiation was induced during 
micropropagation and plant regenerated from indirect 
organogenesis, that is, callus culture found optimum 
levels leads to somaclonal or epigenetic variation. A 
plant regenerated from adventitious buds showed the 
lower tendency for genetic differentiation (Joshi and 
Dhawan, 2007).Therefore, the routine checkup is nec-
essary to identify the genetic variation of the micro-
propagated plants and helping to produce true-to-type 
progeny. Although, RAPD and ISSR has been proved as 
the most suitable techniques to detect genetic variation 
provoked during micropropagation (Devarumath et al. 
2002; Shu et al, 2003).
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