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ABSTRACT 
 

The improvement in quality traits of lettuce (Lactuca sativa) leaves using 
somatic hybridization techniques via protoplasts fusion is the main focus of 
this study. Somatic hybridization between two cultivars of lettuce, Evola and 
Red Leaf Amboni green and red, respectively, were carried out at Plant Science 
Laboratory, University of Nottingham, UK during 2006-7 to test the culture of 
fused protoplasts via polyethylene glycol (PEG) and electro fusion on four 
types of media i.e. liquid B5 based medium (T1), embedding of liquid B5 
medium over agarose (equal volume ratio) (T2), embedding of solid B5 medium 
over agarose (equal volume ratio) (T3), embedding of liquid B5 medium over 
MS0.8 medium supplement with 0.5mg/l NAA and 0.04mg/l BAP (T4) under five 
replications. The treatment T4 in each replication gave significant result for 
fused protoplasts via chemical and electro- fusion in terms of micro and macro 
colonies (5 to 73 average micro colonies in petri dishes) culture while other 
treatments have damaged the protoplast. In all replications under T4 a large 
number of micro colonies and macro colonies were observed and tested for 
viability via Flourescein diacetate (FDA) test. All macro colonies show 100% 
viable colonies for regeneration. It has also been observed that electro fusion 
shows 40.51% protoplast fusion frequency over PEG.  Based on the results, it 
can be concluded that selection of lettuce genotypes on the basis of seed 
viability using somatic hybridization techniques via protoplast fusion (both 
methods of fusion) cultured under optimum medium for improvement of lettuce 
quality could be an important tool in in vitro techniques.  
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INTRODUCTION 
 

Lettuce (Lactuca sativa L) is an important leafy vegetable and has been used 
in many countries as a source of secondary food for garnishing food dishes. 
                                                 
*University of Nottingham, UK//Balochistan Agriculture College, Quetta, Pakistan., 
Abbriviations used: MS = Murashige and Skoog medium, NAA = naphthalene acetic 
acid, PEG = polyethylene glycol, rpm = revolutions per minute, SH = Schenk and 
Hildebrandt (1972) basal medium, µl = micro litre, V = volt, UV = ultraviolet-visible 
spectroscopy, v/v volume over volume, w/v weight  over volume 
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Lettuce is a biennial, monoecious specie belonging to the Asteraceae family. 
It is a cool season annual with milky sap and glabrous leaves (without 
trichomes) that grows in a basal rosette at first, then in a loose or a tightly 
rolled head and eventually along an upright stem that supports the flowers. 
The dandelion-like flower heads are pale yellow less than 1.3 cm across, and 
borne in dense clusters above the leaves on an erect branching stem.  On 
the basis of colours of heads and leaves, shape, size, extent of rosette and 
head formation, lettuce can be classified into six major groups i.e. crisphead, 
butterhead, cos, leaf, stem and Latin (8, 2). The colour for different 
commercial lettuce cultivars varies from yellow-green to dark red. There are 
regional preferences for different colours, shapes, sizes and flavors in 
lettuce. Diverse growing conditions and seasons require multiple adapted 
varieties. Introduction of a new trait into a lettuce would likely require its 
introduction into multiple varieties to achieve market success. 
 
The manipulation of novel traits for improvement of crops involves in vivo and 
in vitro techniques. The use of in vitro techniques such as tissue culture, 
anther culture and cell suspension culture from callus, somatic hybridization 
via protoplast fusion, shoot organogenesis, and somatic embryogenesis can 
overcome the limitations of in vivo techniques by shortening period of 
breeding programmes. These in vivo techniques are time consuming and 
face the problem of pre and post-zygotic sexual incompatibility between 
species (6). To overcome the barriers in making sexual crosses or for 
achieving the wide crosses between distant species, somatic hybridization 
may be an effective tool for improving lettuce quality (6). Somatic 
hybridization is composed of four discrete stages i.e. protoplast isolation, 
protoplast fusion, regeneration of plants from selected tissues and analysis of 
regenerated plants (1). 
 
Somatic hybridization via protoplast fusion is an effective method to 
overcome the difficulties of interspecific crossing. This technique currently 
has been successfully applied in Lactuca species to induce new traits in new 
varieties according to market demand (6, 7). 
 
In lettuce, protoplast-to-plant regeneration systems have been developed for 
transfer of improved traits via somatic hybridization in cultivated and wild 
Lactuca species (10). Growth regulators, auxins and cytokinins are normally 
required together for sustained protoplast growth but in some cases only 
auxin is required. The growth requirement of protoplasts, usually change 
during culture, requiring modification in medium composition and a need to 
reduce the concentration of auxins (4) This study examines the isolation of 
protoplasts, fusion protocols and culture medium for sustained lettuce 
protoplasts growth. 
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MATERIALS AND METHODS 
 
Somatic hybridization between two cultivars of lettuce, Evola and Red Leaf 
Amboni green and red, respectively, were carried out at Plant Science 
Laboratory, University of Nottingham, UK during 2006-7 to test the culture of 
fused protoplasts via polyethylene glycol (PEG) and electro-fusion on four 
types of media as treatments under five replications. Both cultivars of L. 
sativa L. (cvs. Evola and Red Leaf Amboni) were selected on the basis of 
colours (green & red) and high germination rate in vitro for the isolation of 
protoplasts. Protoplasts were isolated by removal of the cell wall via 
enzymatic degradation. For Isolation of protoplasts, 4-10 days old seedlings 
were harvested from in vitro cultures and cotyledons were plasmolized in 
CPW9M or CPW13M salt solutions for 30mins. Cotyledons were cut into fine 
strips on a white sterile tile using scalpel and  cotyledon pieces were placed 
into pre-weighed Petri dishes for further plasmolysis. After 30 min CPW salts 
solution was discarded using a pipette and leaf pieces were dried in a laminar 
flow for 3-5 mins followed by weighing of cotyledon tissues to calculate 
protoplast yield. After that, 25ml of enzyme mixture (enzymes containing 
CPW9M salt or enzymes containing CPW13M salt solution as an osmoticum) 
were put into Petri dish followed by a continuous shaking incubation in the 
dark for 18 hours. Digested cotyledon material was filtered through 100µm 
nylon sieves and the solutions, containing protoplasts was transferred to fill 
15ml centrifuge tubes. The enzyme mixture with free protoplasts and debris, 
was centrifuged at 700 rpm for 15 mins to pellet the protoplasts. The washing 
of protoplasts with CPW9M or CPW13M solution was carried out twice by re-
suspension and centrifugation. The densities of washed protoplasts were 
determined using a haemocytometer (Weber Scientific International Ltd. 
Lancing UK). Protoplasts yield was calculated for each treatment using the 
following formula  
   

Total yield = n x 5 x 103 x 10 (vol. in ml) / fresh weight of leaf tissues (g) 
 
Where n stands for total number of protoplasts counted on one large square 
of haemocytometer. Isolated protoplasts of both cultivars were treated for 
chemical and electro-fusion. 

 
Chemical fusion was performed using PEG. Isolated protoplasts of both 
cultivars were mixed at 1:1 ratio and washed with CPW9M solution by re-
suspension and centrifugation. The supernatant from 15 ml tube was 
discarded and 2ml of PEG was added on the pellet protoplasts followed by 5 
mins incubation period in static condition at room temperature. CPW9M salt 
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solution was added to the fusogen treated protoplasts at 5 mins with five 
intervals. The fusogen was withdrawn by washing with CPW9M solution twice 
by re-suspension and centrifugation 700rpm. Protoplasts yield was calculated 
using haemocytometer and viability test was performed using FDA 
(Fluorescein diacetate Sigma USA). 

 
Isolated protoplasts of L sativa cv, Evola and Red Leaf Amboni were mixed in 
1:1 ratio and re-suspended with electro-fusion solution EF9M followed by 
centrifugation. Both protoplasts were maintained at a density of 1 x 105/ml 
and 1ml of mixed protoplasts were transferred into each well of a 5 x 5 
square well plastic Petri dish (Sterillin, Hounslow, UK). For electro-fusion the 
apparatus used was developed at Nottingham, which employed a parallel 
plate electrode system. The mixtures of protoplasts were treated inside a 
laminar air flow cabinet using an inverted microscope for observation of 
protoplasts fusion product and scan the photograph of fusion product. 
Electrodes were disconnected from the apparatus and were sterilized by 
immersion in 70% (v/v) ethanol solution for 10 mins. Electrodes were dried 
inside the flow cabinet. The oscilloscope was switched on, the DC was 
supplied and AC was generated. The following characters were fixed on 
electro-fusion machine for both cultivars of lettuce protoplasts fusion. 
 

a. AC frequency, 1Mhz 
b. DC voltage, 750 V/cm 
c. Number of pulse, 2 
d. Pulse width 1.5 msec, 500 
e. Inter-pulse separation, 1 sec. 

 
AC amplitude was increased for pearl chain formation and the protoplasts 
were observed under microscope for close membrane contact between two 
adjacent protoplasts to occur. At this moment DC pulse sequence was 
activated and AC field to alignment was decreased to zero gradually. After 
that all wells were treated for electro-fusion one by one followed by 1ml 
addition of B5 single strength medium and the 5 x 5 square well plastic Petri 
dishes were incubated for 1 hour under room temperature in a laminar-air- 
flow cabinet for stabilization of heterokayons. One ml of medium was 
removed from each well and 1ml of fresh medium was added to each well. 
After 15 mins of incubation the protoplasts mixture was re-suspended and 
transferred into 15ml centrifuge tubes to pellet the protoplasts by 
centrifugation at 700rpm for 7mins. Protoplasts were re-suspended in B5 
single strength medium at a density of 1 x 105 protoplasts per ml.  
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Protoplasts after chemical and electro-fusion were cultured on media in four 
treatments to generate micro colonies and analyzed separately.  
 

T1 = Liquid B5 based medium, T2 = Embedding of liquid B5 medium over 
agarose (equal volume ratio), T3 = Embedding of solid B5 medium over 
agarose (equal volume ratio), T4 = Embedding of liquid B5 medium over 
MS0.8 medium supplement with 0.5mg/l NAA and 0.04mg/l BAP  

 

Fluorescein diacetate (FDA) (Sigma USA) was used to detect the metabolic 
activities in freshly isolated protoplast, protoplasts fusion products, micro 
colonies derived from protoplasts fusion culture by PEG and electro-fusion. 
The non-fluorescing compound was crossed the plasma membrane of living 
cells and is esterased. This released fluorescein which fluoresced as a 
reaction of UV excitation. Fluorescing molecules were retained only by intact 
living cells.  
 

The data obtained from observations after chemical and electro-fusion 
treatments were separately processed into secondary data and possible 
packages such as Gen Stat, Microsoft office Excel and non parametric 
statistical tests were used to evaluate the lettuce protoplasts response to 
culture media. 
 

RESULTS AND DISCUSSION 
 

Protoplasts of two cultivars of lettuce, Evola and Red Leaf Amboni green 
fused products via PEG were cultured on four types of media show response 
in T4 in all replications (Fig A-F) by repairing cell wall, division and 
multiplication of cells in media (Fig: E-J), while remaining treatments show no 
response to protoplast culture and burst immediately after culture in each 
replication. Protoplast cultured in T4 gave highest number of micro-colonies 
(Fig. K-N). Maximum micro colonies (73) were noted in R1 while minimum 
micro-colonies (13) were observed in R5. 
 
Medium with 73 micro-colonies indicated the formation of ethylene by yellow 
colour followed by low number of colonies. In case of 13 and 14 micro-
colonies, the medium was off-white, which means there was no release of 
ethylene. Ethylene production in protoplast culture is the indication of 
metabolic activities of living cells until nutritional supply from the medium 
finished. Ethylene production inhibits cell wall formation as well as further 
growth under deficiency of nutrients in culture medium. This production of 
ethylene from protoplasts is sensitive to osmotic shock resulting destruction 
of cells depending upon the concentration and density of cells under culture. 
Many reports have been published on protoplasts sensitivity to ethylene (3). 
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FDA test for this purpose was carried out to confirm the viability of macro-
colonies (Fig: L). All samples of micro and macro- colonies showed 100% 
viability for FDA. This study concludes that medium used in T4 did not cross 
the limits of osmotic shock for cells destruction. 
 
Table 1. Protoplasts fusion (PF) frequency via electro-fusion method. 
 

S. No Cultivars Replications Protoplasts fusion frequency 
(%) 

1 cv. Evola + Red Leaf Amboni R1 21.37 
2 cv. Evola + Red Leaf Amboni R2 25 
3 cv. Evola + Red Leaf Amboni R3 29 
4 cv. Evola + Red Leaf Amboni R4 22 
6 cv. Evola + Red Leaf Amboni R5 21.92 
6 cv. Evola + Red Leaf Amboni R6 39.09 
7 cv. Evola + Red Leaf Amboni R7 34..45 
8 cv. Evola + Red Leaf Amboni R8 40.51 

  Mean 29.19 
 
Protoplasts fusion (PF) frequency after electro-fusion treatment was highest, 
(40.51%) (Table 1). All cultures were contaminated and burst in all 
treatments except T4 and protoplasts were entered into mitotic division. Due 
to rapid metabolic activities yellow colour was observed in culture (Fig. P). 
 
Electro-fusion was effective for alternative technique over chemical fusion for 
stimulation of PF. In this study formation of pearl chains (Fig. F), cytoplasmic 
materials mixed from two protoplasts and formed a large protoplasts fusion 
products were observed under microscopic vision, which provide the PF 
frequency (Table 1). In this study maximum PF frequency (40.51%) was 
recorded in R8 and minimum in R1. The average PF frequency was 29.19%.  
Similar findings were reported by Taniguchi et al. (9).   In this study there is a 
better chance to culture heterokaryons by 29.19% in T4 applied for chemical 
fusion. These fused products were cultured on medium tested for chemical 
fusion experiment in T4. After three days, cultured medium indicated the 
production of ethylene resulting metabolic activities of protoplasts.  
Continuous surface topping of fresh liquid medium was applied to provide the 
healthy environment to protoplast cultured in a medium. 
 
The results suggest that in protoplasts fusion and culture technique, most 
important  factor  is  the adjustment  of  osmolarity  in  medium.  The   results 
revealed that medium used in T4 enhanced the cell division, multiplication 
and production of micro and macro colonies from fused product via both 
methods of protoplasts fusion for somatic hybridization.  
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The results of this project provide base line for regeneration of hybrid/cybrid 
plants from protoplast derived callus, correlation of red and green genotypes 
in pigmentation traits for quality improvement of lettuce and selection of 
suitable culture media for protoplast culture. 
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