
Cultivos Tropicales 18(2):56-59, 1997 

ISOENZYMATIC VARlABlLlTY IN PINEAPPLE 
SOMACLONES Ananas comosus (L.) Merr. 

Elizabeth Arias, Nadina Nieves, G. Pérez, Miriam Isidrón and R. Benega 

ABSTRACT. Different polymorphic isoenzyniatic sys- 
tems, peroxidases (PER) and esterases (EST), were eval- 
uated in order to evaluate the genetic variability leve1 in 
pineapple clones P3R5, Enana and Arcoiris. Electropho- 
resis of polyacrilamide gels were performed. Individuals 
were obtained from Red Spanish and Smooth Cayenne 
Serrana varieties. A relationship between analyzed sys- 
tems and different genotypical characteristics of clones 
and donor varieties was established. Esterase resulted a 
highly polyrnorphic system. The Enana and Arcoiris clones 
showed higher homozygosis than the rest of individuals. 

RESUMEN. Para determinar el nivel de variabilidad ge- 
nética presente en los clones de piña P3Rs, Enana y Arcoi- 
ris, se evaluaron los sistemas isoenzimáticos peroxidasas 
(PER) y esterasas (EST). Las electroforesis se realizaron 
en geles verticales de poliacrilamida. Los individuos se 
obtuvieron a partir de las variedades Española roja y 
Cayena lisa Serrana. Se estableció la relación entre los 
sistemas y las características genotípicas diferenciales de 
los clones respecto a las variedades donantes. Las EST 
resultaron un sistema altamente polimórfico. Los clones 
Enana y Arcoiris mostraron mayor homocigosis que los 
restantes individuos. 
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The genetic variability induced by in vitro culture 
techniques is called "somaclonal variation". These disor- 
ders could be genetically determined and are expressed 
under definite environmental conditions (De Klerk, 
1992). 

lsozymes are an efficient method to separate and 
clasify genotypes in many plant species plant with an 
isoenzymatic polymorphism between clearly recogni- 
zable cultivars (De Wald and Moore, 1988). 

In pineapple culture, al1 isozymes were reported to 
identify cultivars, principally for taxonomical studies and 
varietal comparison (Cabot, 1988; De Wald and Moore 
1988; De Wald, Moore and Sherman, 1992; Aradhya, 
Zee and Manshardt, 1992). 

The objective of this paper is to determine the 
variation between pineapple somaclones and donor 
varieties based on isoenzymatic polymorphism. 

MATERIALS AND METHODS 
Vegetal material. Vitroplants adapted for eight months 
in pots under greenhouse conditions were used. The 
somaclones studied were P3R5, Enana and Arcoiris, as 
well as plants of donor varieties Red Spanish for the first 
two and Smooth Cayenne for the third one. 
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The Red Spanish somaclones were obtained from 
calli, selected for its little spines (P3R5) and a phenotype 
with dwad characteristics (Enana), which was nonferti- 
le. For callus formation the MS basal medium (Murashi- 
ge and Skoog, 1962), was used supplemented by 
2 mg.~-' BAP and 1 mg.~- l  ANA (Pérez et al., 1993). 

The somaclone Arcoiris, derived from Smooth Ca- 
yenne, was directly obtained from micropropagated 
shoots according to Daquinta et al. (1 993). It received 
a total of 11 subcultures and was selected for its longi- 
tudinal bands of redish, white and green tonalities in the 
leaves. 

The new genotypes pertained to the fourth (P3R5 
and Enana) and third (Arcoiris) vegetative generations; 
they maintained the same phenotypical characteristics 
as when they were selected. 
Sample preparation ar d enzymatic electrophoresis. 
Sample extraction was performed by triturating leaf " D  
in liquid nitrogen, with an extraction buffer containing 
16 mM Tris! 4 mM KCI and sucrose. 0.8 mM EDTA and 
43 mM.mL Mercaptoetanol, pH 7.5, adding 0.5 g PVP 
in each sample. The relation sample weightlbuffer vdu- 
me was 112 (g.m~l). It was centrifuged during 20 min 
to 15 000 rpm (27 200 g) at 4 ' ~ .  

Bands were obtained realised according to the 
analysed isoenzymatic system. Two systems belonging 
to two enzymatic classes (Oxidorreductase and Hidro- 
lase) were used (Vallejos, 1983): 
- Peroxidase (PER) (E.C. 1.1 1.1.7) 
- Esterase (EST) (E.C. 3.1.1.2) 

PER's ran in 8.5 % Polyacrylamide gels and EST's 
in 10 % gels. The dectrophoresis was carried out under 
constant intensity of 50 mA to 4 ' ~  in Tris-Glycine buffer 
(25 mM-190 mM, respectively), pH 8.3. 



Staining followed the techniques reported by 
Ornstein (19aQ) for PER's and Scandalios (1969) for 
EST's. 

Gels were incubated at 37% in darkness until 
banding pattern appearance, except PER's, which were 
stained for two minutes. Zymograms were immediatdy 
prepared so as not to lose bands brightness and gels 
preserved in acetic acid 7 %. 
Analysis ofzymograms. Band and region numbers were 
defined using the quaternary structure of proteins, ac- 
cording to the number of linked pdypeptidic chains 
needed for the enzyme to be metabolically active: mo- 
nomeric (one chain), dimeric (two chains), tetrameric 
(four chains) (Kephatt, 1990). Besides, the studies of 
pineapple hybrid segregations repotted by De Wald, 
Moore and Sherman (1992) were employed. 

Genetic variability was analyzed by determining 
the percentage of polymorphic regions, mean number 
of bands per region and the mean heterozygosis expec- 
ted for individuals and isoenzymatic systems analyzed 
(Triest, 1992). 

RESULTS AND DlSCUSSlON 
Qualitative analysis of genetic variability. Zymograms of 
PER (Figure la) and EST (Figure 1 b) of the somaclones 
studied and the corresponding patterns are shown. 

In general, the Peroxidase system difíerentiated 
seven regions and 14 bands. According to Kephart 
(1990), these could be seven possible loci selected 
upon the molecular structure enzyme. 

Between the varieties Red Spanish and Smooth 
Cayenne, belonging to two different botanical groups 
Ananas comosus sp. (Leal and Antoni, 1981), there are 
diíferences only in band 12, present in Cayenne and not 
in Spanish. This band can constitute a marker between 
both cultivars and suggests the Presence of a homozy- 
gotic locus for Red Spanish and heterozygotic one for 
Srnooth Cayenne in the PER-6 region; therefore, the 
isozyrne in this region should have a monomeric struc- 
ture. 

A comparison between donor varieties and soma- 
clones showed that P3R5 and Enana clones were not 
diíferent from one another. This result demonstrated its 
cornmon origin, besides that the enzymatic system PER 
is not a system marker of spines, fertility and growth, 
phenotypical characters that are diíferent for both clo- 
nes. Seemingly, the genes involved in protein synthesis, 
deterrnining the above mentioned characters, were not 
revealed by this isoenzymatic system. 

Between Red Spanish and its somaclones, there 
are diíferences for the absence or presence of bands in 
the donor variety. These differences can explain varia- 
tions under tissue culture conditions. P3R5 and Enana 
lack 1,3,4 and 7 bands, which are present in the original 
culiivar (Red Spanish), while a new band appears, num- 
ber 2 (Figure 1 a). 

Smooth Cayenne and Arcoiris genotype are diffe- 
rent only in two bands (5 and 8). The somaclone lacks 
band 5 but has the additional band 8. That can be 
connected with the change of leaf coloration, a distinc- 

tive character of this clone. Such differences to exist 
between the analysed genotypes with green leaves 
(Red Spanish, P3R5, Enana, Smooth Cayenne) and the 
somaclone with reddish leaves (Arcoiris), which make 
us infer that the polymorphic bands 5 and 8 could be 
related with leaf color. 

The zymograme of EST (Figure 1 b) to diíferentia- 
ted seven regions and 18 bands. It showed a high 
intervarietal polymorphism and a complex isoenzyrnatic 
pattern, which coincides with Pasteur etal. (1987) about 
dimeric variable structure of this enzyme and the pre- 
sence of diíferent genes codifying it. 

The comparison between donor varieties was ba- 
sed in two regions, EST-1 and EST-5. In the region 
EST-1, Red Spanish and its somaclones have the band 
1 ; Smooth Cayenne and its somaclone have the band 
2, as intervarietal difíerence. In the region EST-5, the Red 
Spanish presents the band 12 and 13 whereas Smooth 
Cayenne presents only the band 12. 

The polymorphisrr between P3R5 and Enana clo- 
nes was shown when as comparing Red Spanish and 
its somaclones for this isoenzymatic system. The PsRs 
has three bands: the 3, EST-1 region, the 8, EST-3 region 
and the 17, EST-7 region, absent in Red Spanish and 
Enana. Diífering from the remainding individuals, Enana 
in EST4 region, has three bands (9, 10 and 11). As a 
common band between somadones was the band 15, 
present in P3R5 and Enana but absent in donor variety. 
The notable polymorphism between individuals makes 
evident the necessity of using other isoenzymatic 
systems, including molecular markers for its charac- 
terization. 

In the case of Smooth Cayenne and Arcoiris clones 
and according to the polymorphism detected, appeared 
Arcoiris with a smaller number of bands than the original 
genotype. For example, in EST-2 region the bands 4 and 
6 are present for Smooth Cayenne; however, Arcoiris 
posseses only one band, the 5. This distribution of 
bands gives idea about monomeric structure of the 
enzyme for this region. In EST4 region, there was no 
band in Arcoiris, which can be consider as a null allele, 
although the band 14 in EST-6 region appears only in 
this clone. 

The biochemical variability present in Arcoiris clo- 
ne in relation to its phenotypical characteristics, indica- 
tes the presence of a sornaclonal mutant. This type of 
mutation can be induced from in vitro culture as in this 
case or naturally (Cabot, 1991). He collected in lvory 
Coast a different Cayenne clone from the standards 
described by literature; a very similar cultivar to Arcoiris 
which he named the "Hors-Types" collection. 
Quantitative analysis of genetic veriabil~ty. The enzyma- 
tic polymorphism is described (Table I) ,  where it was 
observed that for PER's, 35.71 % of the separate regions 
are polymorphic and for EST's, 64.28 %. When analy- 
ting each isozyme per clone Esterases are proved as a 
system detecting the largest polymorphism between 
Red Spanish Smooth Cayenne and its respective sorna- 
clones. The percentages of polymorphisrn were similar 
(57.14 % and 42.85 %), as a measure of somaclonal 
variation for the two isoenzymatic systems tested. 
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Figure 1. Zymogmms of PER (la) and EST (lb) in clones and donor varieties. Individuals: PE, Red Spanish 
Pattern; Ci, PsR5 clone; C2, Enana clone; Pc, Smooth Cayenne Pattern; Al, Arcoiris done 

The mean band number was estimated for each Spanish, P3R5, Enana and Smooth Cayenne. However, 
region (Tabie 11), as another estimator of genetic varia- Arcoiris presented 1.21 bands per region, influenced by 
bility; in other words, the measure of mean allele number the system EST, where the mean nurnber of bands per 
per locus (Triest, 1992). Then, the frequency of bands regions was smaller than 1. These values can be explai- 
per isoenzymatic system was 1.40 bands por region for ned by the presence of null alleles, which were detected 
PER and 1.31 for EST. When analyzin the f i e  clones by this isozyme (Pasteur et al., 1987) 
indR/dually, the values ranged from 1.36 to 1.42 for Red 



Table l. Percentage of polymorphic regions 
Red Spanish and somaclones Smooth Cavenne and somaclones - 

lsoenzymatic systems Polyrnorphism per isozyme 
Regions Polymorphism (%) Regions Polymorphism (%) 

Tot Pol Tot Pol 
(S) 

Peroxidase 7 3 42.86 7 2 28.57 
Esterases 7 5 71.43 7 4 57.14 
Polvmorphism per clon 57.14 42.85 

Table II. Mean number of bands per region 
Clone/isozyme Peroxidases Esterases Mean 

Der clone 

Red Spanish 1.57 1.28 1.42 
p3% 1.14 1 .71 1.42 
Enana 1.14 1.57 1.36 
Serrana Smooth Cayenne 1.57 1.14 1.36 
Arcoiris 1.57 0.85 1.21 
Mean ~ e r  isozvme 1.40 1.31 

The expected mean heterozygosis (Table III), as 
a describer of global genetic diversity, connected the 
heterozygotic regions with the regions detected for 
each clone (Cabot, 1988). This parameter showed lower 
values for Enana and Arcoiris (0.28) than for the other 
individualsanalyzed, which showed the greatest degree 
of homozygosis in both genotypes. 

Table III. Expected mean heterozygosis 
Clonelicozyme Peroxidases Esterases Mean 

De( done 

Red Spanish 0.57 0.29 0.43 
p3% 0.14 0.71 0.42 
Enana 0.14 0.43 0.28 
Serrana Smooth Cayenne 0.71 0.14 0.42 
Arcoiris 0.57 0.0 0.28 
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