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Abstract: Biochemical, isozyme and activities and molecular marker, DNA fingerprinting were used to

analysis somaclonal variations in tissue culture-derived banana plants BBTV and CMV tested. It was found

variation in glutamate oxaloacetic and polyphenol oxidase isozyme (DISC-PAGE) and activities as well as

peroxidase activity among in vitro regenerated banana plants. Fifteen arbitrary base primers were

successfully used to amplify DNA extracted from banana plants propagative in vivo and in vitro of these,

four primers revealed characteristic. DNA fingerprint revealed genetic variations, 25% polymorphisms,

between total plants approximately 10% of the analyzed plantlets (8 regenerates). The frequency of

somaclonal variations was found to be number of subcultures dependent (times of micropropagation). The

genetic variations were only detected in 7 months old cultures. It was observed also that morphologically

abnormal shoots and change in chlorophyll showed genetic variations at the molecular level. 
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INTRODUCTION

Tissue cultures techniques, classical breeding is a

well-recognized tool for increasing yield, conferring

resistances  and improving agricultural trails. Although

there are many references dealing with banana tissue

culture e.g. El-Saghir ; Allam et al. ; Hazaa et al.[12] [2] [4]

and  Eman , the analysis of tissue culture derived[13]

plants for somaclonal variations has yet to be

e sta b lishe d . T ra dit io na l m etho d s ,  b ase d  o n

morphological karyotypic analysis of metaphase

chromosomes and isozyme analysis have been used to

determine genetic variations in somaclones and to

identify parental hybrids and cultivars . Numerous[3]

investigators have successfully employed RAPD

(Randomly Amplified Polymorphic DNA) to find

molecular markers that could be used for genetic

analysis of micropropagated and regenerated plants ,[23]

genotypic screening  and breeding programmes . Saker[7] [6]

et al.  employed isozyme analysis and RAPD[21]

fingerprint as a descriptive markers for data palm

biodiversity in tissue culture derived data palm plants.

Tissue culture derived banana plants required for the

evolution of the regeneration protocols and for the

detection of somaclonal variations. 

Therefore, this study was conducted to employ

isozyme and RAPD analysis as simple molecular marker

tools for the analysis of somaclonal variations in tissue

culture derived banana plants. 

MATERIALS AND METHODS

Plants: Tissue   culture   derived   banana  plants

(Musa paradisca cv. Ground nane) plantlets were

initiated  from  shoot  tip  explants virus tested

according to El-Dougdoug et al. . Time course needed[11]

for  the  attainment  of  explant shoots is approximately

6 months old cultures used in this study were 5- and6-

months old (subcultures 5,6 and 7 respectively), in

addition  to  mother  plants. A random sample

consisting of 5-10 plantlets from each of the different

ages were used for molecular analysis. In all cases,

young leaves from in vitro plants of the same cultivar

were also used and served as control. In vitro plants

were tissue culture – derived plants established for 8

months in permanent soil. 

Virus Test: The viruses were detected in mother plants

using specific polyclonal antiserum of BBTV and CMV

by DAS-ELISA .[8]
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Enzyme Activities and Isozyme Analysis: Activities of

polyphenol oxidase (PPO), peroxidase (POD) and

glutamate oxaloacetic transaminase (GOT) were

determined according to Waite and Wilbur , Chance[25]

and Maehly  and Nealon and Rej  respectively. [5] [19]

Electrophoresis was performed for 3 h at content

current 3 MA using mini-vertical electrophoresis unit of

Bio-Rad [(Germany) 12% (W.V)] acrylamide slab gels

(DISC-PAGE), Tris-glycine buffer, pH 8.3, 0.2 ml of

crude extract per well).

Polyphenol oxidase (PPO) isozymes were detected

according to Waite and Wilbur . The gel was[2 5 ]

immersed in a solution contained 0.1% (W/V) catechol

and 0.1% (W/V) L- dihydroxyphenol alanine, solubilized

in 0.1 M acetate buffer. 

Peroxidase (PD) isozymes were detected on the gel

according to Chance and Machly  after electrophoresis,[5]

the gel was immersed for 2-4 h under the dark at 25ºC

in  50  mM  sodium acetate buffer pH 5.5 containing

250 mM hydrogen peroxide and 2 mM guaidcol and

was photographed immediately.

Glutamic oxaloacetic transferase (GOT) isozymes

were detected according to Nealon and Rej . The gel[19]

was immersed in 100 mM Tris-HCl buffer pH 8,

containing 30 mM L-aspartate, 15 mM a-ketoglutaric

acid and 3 mg of pyrodoxal –5-phosphate, for 2-4 h

under dark at 25ºC. At the end of incubation time 250

mg fast blue BB salt was added. After visualiztion for

the isozyme, the gel was fixed in 10% acetic acid. 

Isolation of DNA: DNA was isolated from tissue

samples using the CTAB method of Doyle and Doyle .[10]

RAPD Analysis: PCR amplification was performed in

0.01 cm³ reaction mixture containing 20 ng template

DNA, 0-5 unit Taq polymerase (Promega USA), 200

µM each of dATP, dCTP, dTTP, 10 p mole random

primery (operon) and appropriate amplification buffer.

The mixture was assembled on ice, overlaid with a drop

of mineral oil. Amplification was performed for 45

cycles, using Biometrica Uno thermal cycler as follows:

One  cycle  at  92ºC  for 3 min, 45 cycles at 92ºC for

30 sec, 35ºC for 60 sec and 72ºC for 2 min. The

reaction was finally incubated at 72ºC for 10 min and

further 10 min at 62ºC. The amplification products were

analyzed by electrophoresis in 2% agarose in TAE

buffer, stained with 0.2 µg/ml ethidium bromide and

photographed under UV light. 

RESULTS AND DISCUSSIONS

Enzyme Activities: In vitro micropropagation of banana

plants from shoot tip explants through the proliferation

of meristem virus tested followed by shoot recovery

give rise to three types of shoots (Fig. 1). The types can

Fig. 1: Banana plantlets (cv. Gard nane ) representing

different ages analyzed for somaclonal

variations (4-12 month-old culture) a) 4-month

old (subculture 4), b) 6-month old) (subculture

6), c)7 month-old (subculture 7) and d) 8

month-old (subculture 8). 

(a and b) appear morphological and colourness

normal shoots.

(c and d) reveal morphological and colourness

abnormal shoots.

Fig. 2: Isozyme patterns of banana plantlets of DASC-

PAGE.

a) Glutamic oxaloaceticb. B) Polyphenol

oxidase c) Peroxidase isozymes. (1) Control

plant (Seedling In vivo) (2,3 and 4) Subcultures

4,6,7

be clearly identified after prolonged periods of

subculturing. Normal shoots, comparable to control,

were the majority of 3 month old culture (the actual age

of culture is 12 months, because one year is needed for

the establishment of shoot culture from shoot tip

explants). As a result of prolonged in vitro culture, some

plants with visible phenotypic 

variations, including rosy cluster of faint green

leaves  and  twisted  leaves  can  be detected in 6 and

7 months old cultures. Based on this morphological

observations  and in order to increase the efficacy of the
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Table 1: Enzyme activities of plantlets were tissue culture derived.

Enzymes

----------------------------------------------------------------------------------------------------------------------------------------------------

Peroxidase Polyphenol oxidase Glutamic oxaloacetic transferase (a) (b) ©

------------------------------------------ -------------------------------------------- --------------------------------------------

Samples Activity Relative activity (%) Activity Relative activity (%) Activity Relative activity (%)

M other plants (control) 0.175 100 0.212 100 0.125 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Subculture 6 0.790 108.57 0.235 110.85 0.123 99

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Subculture 7 0.195 111.43 0.245 115.57 0.122 98

(a) O.D 470 mg/g fresh weight/5 min.       (b) O.D 480 mg/g fresh weight/5 min.       (c) O.D. 420 mg/g fresh weight/5 min. 

Table 2: RAPD markers selected to detect somaclonal variations among regenerated banana plants (in vitro) and seedling control plants (In vivo).

Regenerated banana plants

Prim ers ----------------------------------------------------

1 2 35`          3` Total bands MAF PAF Size of bands Banana seedling in vivo R R R

2OPA 12  6 6 2000 1 1 1 0

TGCCGAGCTG --------------------------------------------------------------------------------------------------------------------

1800 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

1100 0 0 1 0

--------------------------------------------------------------------------------------------------------------------

950 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

850 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

700 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

650 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

600 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

550 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

500 0 0 0 1

--------------------------------------------------------------------------------------------------------------------

330 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

300 1 1 1 0

5OPC 8 3 5 1400 1 1 1 0

GATGATGGCC --------------------------------------------------------------------------------------------------------------------

900 1 1 0 0

--------------------------------------------------------------------------------------------------------------------

800 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

700 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

450 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

350 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

300 1 1 1 1

--------------------------------------------------------------------------------------------------------------------

250 1 1 0 1

4OPB 7 2 5 700 1 1 1 1

GGACTCAGT --------------------------------------------------------------------------------------------------------------------

650 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

600 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

500 0 0 0 1

--------------------------------------------------------------------------------------------------------------------

450 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

350 1 1 1 0

--------------------------------------------------------------------------------------------------------------------

250 1 1 1 1

M AF = M onom orphic band (com mon am plified fragm ent).      DAF = Polymorphic band (specific amplified fragm ent). 
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Fig. 3: Agaose gel (1%) electrophoresis analysis of

RAPD-PCR amplified products from DNA

isolated from shoots of C control plants (in

1 2 3vivo), R , R , R  subculture 4,6,7 respectively

micropropagation banana using 3 random

primers. M is standard DNA marker.

protocol it is urgent to develop a simple molecular

marker for the identification of genetic variations among

tissue culture derived plants. Random samples

representing the three type of shoots, in addition to

control plant were analyzed for PPO, POD and GOT

activities and isozymes. There was no definite

relationship between enzyme activities and culture age

(Table 1). However, the control plant showed the

highest DD and GOT activities followed by 3 month old

shoots. On the contrary, the highest OD and POD

activity was recorded in 7-month-old culture (Table 1).

Isozyme Analysis: One peroxides isomer with R.F 1.5

was detected in the two subcultures shoots as well as

control plants, similarly, but with different band

intensities, one glutamate oxaloacetate transaminase

isomer with RF 1.0 was detected. The polyphenol

oxidase isozymes appeared in two isomers with RF 2.0

was detected in 3 and 6 month – old while one isomer

with RF 1.5 was detected in 7- month – old cultures

(Fig. 2). 

Preliminary RAPD analysis technique was

performed to standardize a reproducible protocol for

banana genome analysis. It was found that PCR

conditions, especially thermal profiles and source of Taq

polymerase resulted in disappearance or appearance of

different DNA-bands. 

RAPD analysis of genome DNA isolated from in

vitro regenerated banana plants and in vivo control

seedling using arbitrary selected oligonucleotide primers

2 4 5(OPA , OPB , OPC ) resulted in the resolution of 16

polymorphic bands. Genetic variations as revealed by

RAPD analysis were detected in 25% of the examined

plants and 75% having RAPD finger prints identical to

those  of  the  control  seedling   (field-grown  plants,

in vivo). Figure (3) illustrates an example of RAPD

analysis performed on regenerated banana plantlets

1 2 3Lanes R  R  R  and field grown control seedling Lane

2 5 4C using the primers OPA , OPC  and OPB . The primers

5OPC  was less informative in regard to the detection of

somaclonal variations. Data given in Table (2)

summarizes, the results of RAPD analysis, recorded as

presence and absence of polymorphic bants, among

different in vitro regenerated plants and control field

grown seedlings Figure (3).

Discussion: The aim of the present study was to provide

polymorphic RAPD markers suitable for detection of

somaclonal variations in tissue culture derived plants.

Optimization of PCR conditions and selection

appropriate random primers are prerequisites. In the

absence of DNA based markers, only the use of isozyme

for distinguishing detection of somaclonal variations has

been reported . Although there are many references[1]

dealing with banana tissue culture , the analysis[12 ,2 ,14 ,13]

of tissue culture derived plants for somaclonal variations

has yet to be established. Saker et al.  employed[21]

isozyme analysis as a descriptive marker for date palm

biodiversity. 

It is important in plant regeneration protocols to

assess the level of background genetic changes resulting

from tissue culture process. In vein of the variation

detected at the DNA level in banana plants as a result of

tissue culture, it is not surprising to find that 25% of the

analyzed plants showed variations. The genetic changes

detected here may be due to culture conditions including

excision of explants through subcultures and growth

regulators. The molecular mechanism underlying

somaclonal variations have been attributed to

chromosome breakage, single base changes, changes in

copy number of repeated sequences and alteration in

DNA methylation patterns . The polymorphism in[15 ,16 ,18]

the amplification products may be either from changes

in the sequence of the primer binding site (e.g. point

mutations) or changes which alter the size or prevent the

successful amplification of the a target DNA (e.g.

insertation,  deletions;  inversions)  as suggested by

Rani et al. . Genetic variations among subcultural[20]

banana plants were also reported by Ali and Metwally[1]

using isozyme analysis of peroxidase and esterase

polyphenol oxidase and glutamate oxaloacetic

transaminase in this context. Van Harten et al.  found[24]

that 30% of potato plants derived from callus showed

evidence of mutation. Larkin and Scoweroft  reported[17]

that in vitro culture environment is mutagenic.

Variability  associated  with  in  vitro  regeneration

after  a  phase of callus formation was greater than

direct regeneration  or  propagation  from  meristems

and buds .[22]
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It could be concluded that isozyme analysis and

RAPD can be successfully used to detect somaclonal

variations among in vitro regenerated banana plants.

Numerous researches proved that the sensitivity of

isozyme analysis or RAPD was sufficient enough to

detect genetic change in many of tissue culture derived

plants,  for instance, Brown et al. , Taylor et al. ,[3] [23]

Rani et al.  and Saker et al.  in sugarcane, populous,[20] [21]

wheat, garlic and palm respectively. Although the

relatively high frequency of variations (10%) detected

here might bias stable plant propagation, it could be

regarded as a novel source of banana improvement.
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