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Abstract - The utilization of in vitro potato shoot societies for protoplast disconnection is attractive for 

dependable protoplast values. Ethylene fabricate up in the society vessels causes issues for leaf 

development (e.g. diminishing leaf surface, dry weight and chlorophyll) in shoot society. Fifty to one 

hundred μM Silver thiosulfate (STS) handled a bigger leaf territory as a wellspring of plant material for 

protoplast segregation.  

STS likewise diminished the internode length of potato shoots however expanded dry weight and 

chlorophyll. Recovered plants were acquired from well bred protoplasts in a succession of media 

dependent upon the MS medium. Protoplasts of Delaware indicated a better reaction in unit division and 

settlement structuring in agarose-cemented society medium. Recovered plants demonstrated to certain 

degrees of aneuploid however essentially were comparative to the definitive potato plants. 

---------------------------♦----------------------------- 
 

INTRODUCTION  

Protoplast Fusion and ensuing in vitro plant 
Regeneration, leading to physical hybridization, offer 
chances for exchanging entire genomes from one 
plant into a different one, paying little heed to the inter 
specific intersection obstructions. Rather than methods 
for plant change that are pointed at single-gene 
exchange, Protoplast Fusion is wanted when 
polygenic characteristics are concerned, as is much of 
the time experienced in the heredity of higher plants . 
A few Solanaceous animal groups, incorporating 
potato, have bumblebee unutilized with more amazing 
victory than other higher plant species in somatic 
hybridization since they are more receptive to the 
protoplast Regeneration process. 

There are two commonly used procedures to induce 
cell fusion, namely polyethylene glycol (PEG)-induced 
protoplast fusion and protoplast electro fusion. These 
procedures have been the subject of several reviews 
indicating that electro fusion is generally more efficient. 
electro fusion is superior to PEG-induced protoplast 
fusion in the following aspects : 

1. Simplicity of the fusion process; 

2. Less toxicity and less physical damage to the 
protoplasts ; 

3. Large fusion volume allowing more protoplasts to be 
treated ; and 

4. Fine control of the fusion process with the 
availability of commercial electrofusion equipment . 

The following procedures for protoplast preparation, 
electrofusion, and regeneration have been used 
successfully in several potato species , including 
Solanum phureja, S. chacoense, and dihaploid and 
tetraploid S. tuberosum, and they are likely also to be 
suitable for many other potato species with minor 
modifications . 

The viable infrastructure of new mixed bags with 
attractive qualities needs a blend of tried and true 
rearing methodologies and current advances for 
example in vitro societies, including preparation of 
dihaploid lines, Protoplast Fusions and utilization of 
hereditary conversion. Cutting edge plant 
biotechnologies are a vital part of plant rearing for 
imperviousness to biotic what's more abiotic burdens. 
They commit to a development of mixture range and 
to lessening inputs for productive yields. Rearing 
(sexual hybridization) of monetary vital yields for 
imperviousness to biotic and abiotic operators is 
regularly meddled with numerous difficulties as 
sexual incongruently of parental genotypes, 
unacceptable Ebn degree (Endosperm Balance 
Number, Carputo et al. 1997) or little victory in 
expected sexual hybridization. Issues with safety 
move in established methodologies brought about 
growth of whimsical approaches. Interspecific or 
intergeneric Protoplast Fusions offer an elective path 
of gene exchange (Millam et al. 1995). Since there 
are no hindrances to Protoplast Fusion, up to this 
point incongruent and thusly reproductively 
segregated species, could be carried together at the 
protoplast level. 
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Following fusion, heterocaryons, containing nuclei of 
two species in common cytoplasm regenerate a new 
cell wall, enter division and nuclear fusion results in 
the formation of a somatic hybrid cell. Like the normal 
plant cell, the somatic hybrid cell is totipotent and 
therefore capable of developing via embryogenesis or 
organogenesis, into whole (hybrid) plants. In vitro 
cultured plants are suitable source of protoplasts 
because the problematic surface sterilization is not 
required. The cells of leaf mesophyll, young hypocotyls 
and/or calli are generally suitable for protoplast 
isolation. Somatic hybridisation therefore, provides a 
method for producing new hybrids between not only 
sexually incompatible species combinations, but 
provides a way for genetically modifying vegetatively 
propagated crops, sterile or subfertile species and 
those individuals with naturally long life cycle. 
PROTOPLAST FUSIONs and REGENERATION also 
enables interspecific and intraspecific transfer of 
extranuclear genetic elements such as mitochondrial 
DNA (cytoplasmic male sterility), chloroplasts and 
cytoplasm. An application of somatic fusion requires 
not only plant REGENERATION from protoplasts, but 
also a successful integration of derived regenerants 
into a breeding programme. A somatic hybrid should 
be capable of backcrossing with a cultivated crop for 
the development of a new variety. The technique of 
somatic hybridization has been already successfully 
used in the world for the series of cultivated plants incl. 
Solanum genus and transfer of resistance or new 
qualitative traits was confirmed (Butenko et al. 1982, 
Austin et al. 1985, Pehu et al. 1989, Pehu et al. 1990, 
Schilde-Rentschler et al. 1993, Thieme et al. 1997, 
Helgeson and Haberlach 1999). In the framework of 
the project solution, procedure of protoplast isolation, 
protoplast electrofusion and culture of fusion products 
was elaborated. 

The potato (Solanum tuberosum L.) is the most 
essential tuber harvest developed for sustenance 
worldwide. In Western Australia, the potato cultivar 
"Delaware" is adjusts to winter development in the 
Mediterranean atmosphere, what's more constitutes 
about 80% of the aggregate yield . Granted that 
recovered plants from secluded protoplasts of some 
business potato cultivars, for instance, cv. Desiree  
have been accounted for in any case, Regeneration 
framework from detached protoplasts of this cultivar 
has not been made. There has been a relentless 
change in routines for protoplast seclusion and society 
for adjustment of plant genomes throughout most 
recent 15 years. This is dependent upon the capability 
of protoplasts to recover to entire plants on society in 
fitting media. The utilization of protoplast society as a 
rearing system to move forward potato germplasm 
needs definite qualified data on protoplast handling, 
control, society and shoot Recovery . Once protoplast 
separation, society and plant Regeneration framework 
are created, it could be utilized for gene control 
examinations for instance protoplasts combination or 
straight gene conversion. Notwithstanding, the first 
stage is to improve productive protoplast segregation, 
society and plant Regeneration frameworks from 

protoplasts of the genotypes of investment . Leaf 
mesophyll developed in vitro society is a regular 
wellspring of plant material for potato protoplast 
separation. Potato nodal societies looked after in fixed 
vessels improve stoloniferous shoots with modest 
clears out furthermore elevated roots. This impact is 
brought about by ethylene amassing in the society 
vessels. Hence, restraint of ethylene movement 
utilizing ethylene foes, for example silver thiosulfate 
(Sts), can accelerate standard development of potato 
tissues which thusly transform bigger leaves in vitro 
and increments yield and suitability of protoplasts. 

PROTOPLAST ISOLATION  

The entire procedure of protoplast disengagement is 
performed under sterile conditions. Disengage 
completely unfolded leaves (from 10 plantlets, 0.5 – 1 
g). Cut them into little pieces with a sharp surgical 
blade in one Petri dish (Ø = 5 cm) holding 5 – 6 ml of 
enzymatic result (Bříza what's more Machová 1991), 
pack the Petri dish with Parafilm.  

Hatch Petri china overnight in dull (14 – 16 h) in a 
thermostat at 25 °c. After this period, explore the 
level of plant tissue absorption under magnifying 
instrument, provided that it is essential (depending 
on genotype) put Petri plates onto a shaker for in the 
ballpark of 15 minutes. Exchange enzymatic result 
with the plant tissue by a disposable serological 
pipette with open end onto a little sifter (75 μm pore 
estimate) put on Petri dish (Ø = 5 cm). Wash the 
strainer with a sterile result of 0.5 M sucrose while 
tender blending. By this step discharged protoplasts 
are disconnected from plant tissue trash. Partition 
protoplast suspension inferred thusly into 
centrifugation tubes (8 ml) and overlay with 1 ml of 
W5 result (Menczel et al. 1981).  

 

Fig. Undamaged protoplasts on the interface of 
sucrose and W5 solution Centrifuge (500 rpm, 6 
min). 
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CULTURE OF PROTOPLAST FUSION 
PRODUCTS AND REGENERATION 

The whole process of fusion product culture is 
performed under sterile conditions. The fist cell division 
usually occurs 2 – 3 days after fusion (you can 
observe it under microscope). After cell wall formation, 
add liquid SW11 medium with decreasing level of 
osmoticum in the interval of 7 – 10 days till the stage 
of microcalli (i.e. gradually SW11 0.5 M manitol, SW11 
0.4 M manitol, SW11 0.3M manitol, Bříza and 
Machová 1991; Fusion product regeneration; a, b – 
microcalli in liquid SW11 medium). After cell wall 
development, regenerating cells could be cultured in 
the light (16 h/8 h photoperiod; light conditions: 
fluorescent tubes, daylight, 150 μmol m-2 s-1; 22 °C). 

Microcalli are formed 3 – 4 days after fusion. When the 
calli are visible, remove liquid SW11 medium by 
pipette and add the liquid Shepard C medium 
(Shepard and Totten 1977). Repeat replacement of 
this medium twice in 7 – 10 days. 

Subsequently, sterilely transfer calli to clean Petri 
dishes. Cultivate a part of calli in liquid Shepard D 
medium (Shepard and Totten 1977). Change the 
medium in 7 – 10 days till shoot regeneration. 
Cultivate the second part of calli in agar-solidified 
Shepard D medium. Transfer the calli onto fresh 
medium in 14 days till shoot regeneration. 

First shoots are formed 4 – 12 weeks after culture 
initiation in Shepard D medium. ultivate the shoots 
under the same conditions as donor plants for 
protoplast isolation. Multiply the plantlets into pairs for 
subsequent testing of hybridity. Culture the 
electrofusion-treated protoplasts in a semisolid 
medium by very gently mixing 0.5 mL of protoplasts 
suspended in the liquid culture edium after 
electrofusion with 0 .5 mL of 0.8% (w/v) low-gelling-
temperature agarose-embedding medium in a 30 x 10-
mm Petri dish. The agarose-embedding medium is 
maintained at 45°C in a water bath before being used 
to prevent gelling  . 

Incubate the Petri dishes containing protoplasts in a 
growth chamber at 5°C in the dark. When protoplast-
calli (p-calli) reach approx 1 mm in iameter, they are 
transferred together with the agarose block onto the to 
p of p-callus growth medium in a 100 x 20-mm Petri 
dish and kept in a growth chamber at 25°C in the dark. 

P-calli remain on p-callus growth medium without 
subculture until they are approx 3 mm in diameter . At 
this size, transfer p-calli onto the shoot - regeneration 
medium in a 100 x 20-mm Petri dish, and grow the 
callus under an average light intensity of 20 .tE/m2/s in 
a 16 h/d photo - period. Subculture monthly until 
shoots regenerate . 

Cut off regenerated shoots from p-calli when they 
reach approx 20 mm i n length, and plant them into the 
propagating medium in culture tubes . Maintain culture 
conditions as described earlier for nodal 

cuttings. These shoots regenerate roots readily in the 
propagating edium. Supplement the propagating 
medium with 0 .05 mg/L naphthaleneacetic acid (NAA) 
and 0 .05 mg/L gibberellic acid (GA 3 ) if difficulties in 
rooting arise . 

Maintain regenerated plants in vitro under controlled 
conditions prior to transfer to a greenhouse . To 
transfer regenerated plants from in vitro culture to a 
greenhouse, the plants are carefully lifted from agar 
medium and planted into a garden soil mix in small 
Jiffy paper garden pots . It is easier to lift the plants 
from agar medium with their roots intact when the 
roots are <3 cm in length. Keep the potted plants in a 
growth chamber for 2 wk under a plastic cover to 
prevent excessive evaporation . Remove the plastic 
cover after 2 wk and maintain the plants in the growth 
chamber without a plastic cover for an additional 2 
wk. Transplant the plants and soil from the paper pots 
into regular garden pots, and transfer to a 
greenhouse . Shading may be provided during the 
first 2 wk in a greenhouse . 

ELECTROFUSION 

Perform electrofusion utilizing a square-wave 
electrofusion mechanical assembly . Cell besides 
protoplast electrofusion might be finished utilizing 
some exponential release machines. 
Notwithstanding, the greater part of the 
aforementioned sorts of machines are composed 
fundamentally for electroporation and can't the 
capacity to align units soon after the combination 
beat . The utilization of the square-wave beat 
generator likewise permits auspicious combination 
and electroporation over a much broader extend of 
conditions than the exponential beat generators. A 
square - wave electroporator that has worked well in 
our grasp is the Electro Unit Manipulator, Model 200 
by Btx, Inc. (San Diego, Ca) . Set arrangement 
voltage meter at 40—80 V/cm field quality and with 
an arrangement term of 20 s . Set the field quality of 
the beat at 1 .250 kv/cm with a beat term of 60 p.s 
and 1 or 2 continuous beats. The second beat might 
build the combination recurrence, yet it likewise 
diminishes the rate of suitable cells . It may be 
prudent to attempt one beat initially to verify if the 
protoplast populace in utilization can withstand the 
second beat.  

Delicately blend protoplasts in a :1 proportion from 
every combination accomplice in a 15-ml rotator tube. 
Exchange 400 tl of protoplast mixture into a 2-mm 
gap electroporation cuvet (e .g., Btx inventory # 620) 
and blanket with a cuvet cover . Embed the cuvet into 
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the security chamber at the position for electric 
release, what's more press the release catch to begin 
electrofusion.  

After electrofusion, the protoplasts, still held in the 
electroporation cuvet, are ensured from any physical 
aggravation in a laminar hood for 30 min to permit 
protoplast films to recuperate from the electrically 
incited harm.  

After the recuperation period, delicately exchange the 
protoplasts with a sterile glass pipet into a 15-ml 
rotator tube and axis at 50g for 5 min. Resuspend the 
protoplast pellet in 0 .5 ml of fluid society medium. 

CONCLUSION 

The best osmolarity of results for protoplast 
disconnection and society contrasts with genotype and 
species of potato (e.g. 0.3 M mannitol for Solanum 
chacoense furthermore 0.4 M mannitol prescribed for 
Solanum tuberosum by Grun and Chu . We discovered 
7.5% mannitol was the best osmolarity for potato cv. 
Delaware and a higher amassing of mannitol initiated 
protoplasts to therapist and protoplast division was 
lessened (information not demonstrated).  

Development and shoot launch of potato protoplasts 
relies on the organization of the society media and 
genotype. Protoplasts civilized from potato cv. 
Delaware gave moderately level division and plating 
frequencies. The point when impacts of society media 
on protoplast division and plating proficiency were 
examined, we watched that Vkm medium brought 
about fewer protoplast divisions than A medium. In 
Vkm medium protoplasts isolated just 3-4 times. The 
same example of unit division was watched by Binding 
et al.  

When they cosmopolitan protoplasts of dihaploid clone 
H2 140 in Km medium. In our examinations when Vkm 
society medium was traded with A medium the 
recurrence of division moved forward. Comparable to 
our finding, Foulger and Jones  reported higher 
division and plating proficiency of potato cv. Desiree, 
King Edward furthermore Maris flute player by 
changing the Ms society medium.  

Protoplasts from potato cv. Delaware cosmopolitan on 
fluid Vkm and A medium demonstrated a higher 
division recurrence than protoplasts cosmopolitan in 
agarose set medium. Change in culturing protoplasts 
in agarose-cemented media could be because of the 
physical property of the medium.  

There are various reports in the expositive expression 
about updates in both chromosome number and 
structure in plants recovered from potato protoplasts. 
One of the regular updates (aneuploidy) has been 
accounted for numerous mixed bags for instance, 
Russet Burbank , Fortyfold , Maris Bard . Comparative 
to the aforementioned reports, we watched that a lion's 
share of recovered plants of cv. Delaware were 

aneuploid. Certain explanations could be 
recommended for chromosome variety a) Choice of 
beginning material may influence the level of 
chromosome variety, b) it might happen in the callus 
stage, c) the state of protoplasts society and plant 
recovery especially, hormones and osmolarity of 
protoplasts society medium. Hence, suitable 
conditions must be stabilised keeping in mind the end 
goal to diminish or keep away from chromosome 
variety. It appears lion's share of chromosome updates 
happen in callus stage, and this wonder has been 
accounted for in marked confirmations. In spite of the 
chromosome variety in recovered plants from 
protoplasts cv. Delaware, the morphology of typical 
tetraploid and aueuploid plants was comparable.  

Change of protoplast yield of potato cv. Delaware 
utilizing Sts gives suitable beginning material for 
recovery of plants from protoplasts. The plant 
recovery framework for this cultivar helps hereditary 
controls by the methods of protoplasts combination 
or immediate gene conversion (electroporation). 

REFERENCES 

 Bates, G . W ., Saunders, J . A., and 
Sowers, A . E. (1987) Electrofusion : 
principles and applications, in Cell Fusion 
(Sowers, A. E., ed.), Plenum, New York, pp . 
367-395 . 

 Saunders, J . A . and Bates, G. W . (1987) 
Chemically induced fusion of plant 
protoplasts, in Cell Fusion (Sowers, A . E ., 
ed.), Plenum, New York, pp . 497-520 . 

 Fish, N ., Karp, A ., and Jones, M . G . K . 
(1988) Production of somatic hybrids by 
electrofusion in Solanum. Theor. Appl. 
Genet. 76, 260-266 . 

 Saunders, J . A ., Smith, C . R ., and Kaper, 
J . M. (1989) Effects of electroporation pulse 
wave on the incorporation of viral RNA into 
tobacco protoplasts . Biotechniques 7(10), 
1124-1131 . 

 Masson, J ., Lancelin, D ., Bellini, C ., Lecerf, 
M., Guerche, P ., and Pelletier, G . (1989) 
Selection of somatic hybrids between diploid 
clones of potato (Solanum tuberosum L.) 
transformed by direct gene transfer . Theor. 
Appl . Genet . 78, 153-159 . 

 Puite, K . J ., Roest, S ., and Pijnacker, L. P . 
(1986) Somatic hybrid potato plant s after 
electrofusion of diploid Solanum tuberosum 
and Solanum phureja . Plant Cel l Rep. 5, 
262-265 . 

 Desborough, S . L . (1983) Potato (Solanum 
tuberosum L .), in Isozymes in Plan t 



 

 

G. V. Padmavati 

 

w
w

w
.i

gn
it

e
d

.i
n

 

5 

 

 Journal of Advances in Science and Technology                     
Vol. IV, No. VIII, February-2013, ISSN 2230-9659 
 

Genetics and Breeding, Part B (Tanksley, S . 
D . and Orton, T . J ., eds .), Elsevier, 
Amsterdam, pp . 167-188 . 

 Murashige T, Skoog F (1962) A revised 
medium for rapid growth and bioassays with 
tobacco tissue culture. Physiol Plant 15: 473-
497 

 ABS cat. 7321.5, Western Australian Potato 
Marketing Authority, (1994). 

 Duncan, D.B. Multiple range and multiple F 
tests. Biometrics, 11: 1-42, (1955). 

 Fish, N., Karp, A. and Jones, M. G. K. 
Production of somatic hybrids by electrofusion 
in Solanum. Theor. Appl. Genet., 76: 260-66, 
(1988). 

 Fish, N. W. Somatic hybridisation of potato 
(Solanum tuberosum L.) Ph.D. Thesis, 
University of London, (1988). 

 Guri, A., Volkita, M. and Sink, K. C. Plant 
regeneration from leaf protoplasts of Solanum 
torvum. Plant Cell Rep., 6: 302-04, (1987). 

 Karp, A. Cytological techniques. In: Lindsey, 
K. (Ed.), Plant Tissue Culture Manual. pp. C4, 
1-13, (1991). 


