
Sci. J .  Fac. Sci. Menoufia Univ. Vol. IX (1995). 169 - 183 

ISOZYME MARKERS ASSOCIATED WITH A PHENOTYPIC 

MUTANT DERIVED FROMZN VITRO CALLUS CULTURE 

OF Dieffenbachia pecta var. tropic 

Abou - Ghalia, A. A. and Hamza, H.A. 

Genetics Dept. Fac. Agric. Menofiya Univ. Egypt. 

ABSTRACT ~. 
- ,  

Peroxidase and esterase isozyme patterns in 
Dieffenbachia pecta var. tropic and a new leaf form 
mutant selected from in vitro callus culture were studied. 
Peroxidases in regenerated mutant showed two extra 
cathodal bands than in mother plant (control). In 
contrast, esterases in regenerated mutant showed 
deficiency in two cathodal bands and only one anodal 
band. These biochemical characterestics were stable in 
the five regenerants that have the rounded leaf blade 
(mutant). It is evident that peroxidase and esterase 
isozymes could be used as markers for somaclonal 
variations and early selection. 
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Genetic instability in tissue culture, gives rise for somaclonal 

variations which can be used for plant improvement by regeneration 

of mutant plantlets (Carlson and Polacco, 1975, Green, 1977). Laxkin 

and Scowcroft (1981), reported that many phenotypic variations 

appeared among the regenerated plantlets during tissue culturing. 

Qureshi et al. (1992) reported looseness of the organizational 

constraints of tissues that allowed plant cells to grow in an 

unorganized manner. Apparently, this removal of organizational 
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coherence result in genomic instability which often leads to 

chromosomal aberrations (Karp and Maddock, 1984, Chen et al., 

1987), mutations (Evan and Sharp 1983), activation of transposable 

elements, and gene amplification (Larkin 1985). The variability of 

tissue culture - derived progeny arising from culture-induced genomic 

instability is termed somaclonal variation (Larkin and Scowcroft, 

1981). In the literature, it has been reported that the use of some 

regulators such as 2,4-D and 6-BA lead to an increase in the number 

of somatic mutations (D'Amato 1977). Sasagaw and Matsushima 

(1991), reported that IAA and its derivatives are not mutagenic in 

Salmonella typhimurium and Escherichia coli. 

Electrophoretic zymograms are stable varietal charactasistic and 

could be used in varietal identification (Gorman and Kiang 1977). 

Oono et nl. (1978) used esterase isozymes as markers for in viti-o rice 

studies and found some variations of activities during callus induction 

and regeneration, Romero el al. (1993) reported that isozyme analysis 

provides a definitive evidence for the degree of homology between 

rice species. Sun el nl., (1977) showed that albino mutants 

regenerated from rice callus culture were charactarized by the lacking 

of one band of soluble proteins. Abou-Ghalia (1990) showed that 

yeroxidase isozymes can be used as markers for salt-tolerance 

plantlets selected in tomato derived from in vitro callus culture. 

Mangoline et al. (1994) found that, esterase, peroxidase and acid 

phosphatase could be used as markers of Cereus preuvianus plants 

regenerated from callus culture. 

In this study, Dieffenbachia pecta var. tropic was manipulated 

by tissue culture. A new leaf shape mutant (rounded leaf blade) was 
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,selected as a somaclonal variant. The mutant plantlets (five plantlets) 

were adapted to peat medium and grown in green house for two 

months. Isozymes zymograms of peroxidases and esterases were 

studied. Variations were obtained for both peroxidases and esterases 

when comparison was made between the mother plant and the mutant. 

The hypothesis that search for isozyme band (s) alterations could be 

used as a marker for early detection of phenotypic variants resulting 

from in vitro callus culture in Dieffenbachia was discussed. 

MATERIALS AND METHODS 

1. Mutant plantlet isolation : 

Five mutant plantlets were selected from 2500 plantlets 

obtained during tissue culturing on MS medium (Murashige and 

Skooge, 1962) supplemented with IAA (0.2 mgb.) and 6-BA (1.0 

mg/l) for callus induction stage. Regeneration of shoots was on MS 

medium containing IAA (0.1 mg/l.) and 6-BA (6.0 mg/l.) while, ~ o o t  

formation was on MS medium supplemented with IAA (0.2 mg) and 

6-BA (2 mg/l.). Selected mutant was adapted in peat 

medium for two months in green house. 

2 - Plant material preparation for electrophoresis : 

Plantlets were homogenized in cool mortar (0.5 gm fresh 

weight). the homogenate was diluted with 0.5 ml d.H20 and 

centrifuged at 1000 rpm for 3 min. under cooling. 

3 - Gel buffers for peroxidase and esterase : 

i - Electrode buffer 
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0.3M boric acid - sod. hydroxide buffer pH 8.0 were prepared 

(El-Metainy et  al. 1977 a). 

ii - Gel buffer 

0.03 M boric acid - sod. hydroxide buffer pH 8.0 . 

4 - Gel media for peroxidase and esterase : 

Agar - pvp gel .: l.0gm Agar and 0.5 gm pvp (MW 10,000) were 

added to 100 ml of gel buffer. the mixture was cooked in boiling 

water bath until the solution became transparent. Horozintal gel trays 

were prepared by pouring the solution on a glass plate 20 x 27 cm.. 

and kept at 4OC until utilization (El-Metainy et al., 1977 b). 

5 - Staining Solutions : 

i - Peroxidase staining solution : 

0.1 gm benzidine dissolved in 1.0 ml acetone, then 98.0 ml of 

0.01 M Sodium acetate - acetic acid buffer pH 4.'7 were added. i.0 mi 

of H202 (10 vol.) was added immediately before staining. 

ii- Esterase staining solution : 

Sol. a : 

50 mg of a - Naphthyle acetate and 55mg of fi - Naphthyle 

acetate were dissolved in 20 n11 acetone. 

Sol. b: 

Fast blue - RR (50 mg) and Fast blue - BB (50 mg) were 
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dissolved in 80 1n1 d. H20. Solutions a and b were mixed immediately 

before use. 

6 - Procedure : 

Supernatent of the homogenate plantlet was absorbed on 1.0 x 

0.2 cm strips of Whatman No. 1 filter paper. Strips were placed on the 

surface of Agar plate for 15 min at 4OC, then strips were removed. 

After 25 mA. for one plate for 3 hrs at 4OC using 0.3M boric acid - 

NaoH buffer pH 8.0 as electrode buffer, the gel plates were stained 

with specific staining sloution. 

RESULTS AND DISCUSSION 

The phenotypic nlutant of Dieffenbbnchi pecfa var.  tropic 

isolated from in vitl-o callus culture (Fig. 1)  indicated that, the tissue 

culture process gave rise to sornaclonal variation. Studies showed that 

the differences between the mutant (rounded leaf blade) plants and the 

mother plant (narrow leaf blade) wcrc clear at two levels, 

phenotypically and biochemically. The phenotype of the nlutant is 

different from the mother plant in leaf form and vanegation pattern 

The leafs blade is round in mutant and narrow in control. In tomato a 

potato leaf form nlutant was found (Rick 1956), it was a recessive 

single gene controled character. Evan and sharp (1983) found a 

singlc gcnc xnutation in tomato plants regenerated from tissue 

culture. In Diffenbacltia variegation was found to be a sinlge 

dominant allele (Henny 1986). 

Electrophoretic zymogram of peroxidase (Fig. 2 A and B) in 

mother plant (control) showed 7 peroxidase isozyrne bands, two of 
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Fig. ( I )  : Roundccl leaf blade mulant ( A )  and Narrow leaf blatc as 

control (B) of D. Pecru \ar. tropic. 
A B 
A New leaf form contol 
(rounded blade derived (Narrow blade) 
from in ~'i tro cullus 
culture of D. pectu 



Abou - Ghalia, A. A. and Hamza, H.  A. 

Prx-9  

PIX-8 -m 

Prx- 7 aPlaW 

Prx - 6 - 
Prx-5  P 

Prx - 4 .1111-1 

Prx - 3 

origin 

Prx-2  

Prx - 1 

Fig. (2) Peroxidase isozymes zymogram of D. Pecta B(contro1 and 
C{rounded leaf blade mutant). 
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them migrated to anodal front while, the other 5 bands migrated 

toward cathode. The mutant plants showed two extra cathodal bands. 

The two extra bands were the smallest bands in weight while the third 

one had the largest weight in the cathodal front (Fig. 3). Also, mutant 

showed high activity for prx-8 and prx-9 while it showed low level of 

activity for prx.-7. On the other hand, the zymogram of peroxidase 

for mother plant showed high activity in prx-7 while, prx-8 showed 

low activity. These variations in peroxidase activities reflect 

variations in  peroxidase gene (s) expression. Variation in gene 

expression can be due to mutation in peroxidase gene (s). The 

activity of peroxidases estimated visually. these results are in 

agreement with Fuki's (1983) results in albino rice plantlets. 

Esterases zymogranl (Fig. 4 A) of the rnothcr plant showcd 8 

bands, three of the111 ii~igrated towaid anode while ilie other 5 bands 

were cathodal bands. (Fig. 5 )  Regenerated plantlets which have 

normal phenotype showed abcense of only one cathodal band (Fig, 4 

B) tcrmcd Est-7 on the other hand, thc mutant plantlet /.ymogram was 

lacking In two cathodal bands (Est-7 and Est -8) and only one anodal 

band (Est-1) when compared with control (Fig. 4 C). Variation in 

Esterases activity was estimated visually. As shown in zyn~ograms 

(Fig. 4 A, B, and C), the mother plant showed high activity in Est-7 

and Est-8 and low activity in Est-6 (Fig. 4 A). However, normal 

regeneraled plants showed low activity in Est-8 and some of them 

showed high activity for Est-6 (Fig. 4 B). Zymograrn of mutant plant 

(Fig. 4 C )  indicate that Est-6 and Est-2 have high activity when 

conlpared with control. These results were supported by Oono et 01. 

(1978) results in rice. Colourimetric studies rnust be done to confirm 
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1 2 3 4 5 6  

Fig. (3)  : Perxidase isozymes variation Lane 1, 2, 3 ,  a n d 4  40r control. 

iarles 5 arrd 6 for the n l i l ~ a ~ l t .  
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origin 

Est - 3 

Est - 2 

Fig. (4) Esterase zymogram in D. pecta val-. tropic (A) normal 
regenerants (B) and rounded leaf blade mutant (C). 
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Fig. ( 5 )  : Esterase isozynles variations in  D. pectu wr- tropic (lanes 
9. 10, 11 & 12), normal regenerants (lanes 3, 5, 6 ,  7 & 8 )  
and rounded leaf blade mutants (lanes 1, 2 & 4). 
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the variation in peroxidase and esterase activities-Qualitative 

variations in both peroxidase and esterase zymogram can be used as 

good markers for phenotypic variations and can be used as markers 

for early selection for somaclonal variants induced by in vitro culture 

of Dieffenbachia. According to D'Amato (1977 and 1978) and 

Matsushima (1991) results, we could expect that the selected mutant 

of Dieffenbachia leaf form may be induced by 6-BA during tissue 

culture course. These results confirmed that the morphological 

changes are accompanied with biochemical changes. 
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