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ABSTRACT

 Plant off-type  becomes a concern in pineapple micropropagation. Reliable methods are needed to detect and to 
reduce plant off-type. This research was conducted to confirm the occurrence of  somaclonal variation during 
micropropagation of  pineapple clone Simadu. The culture period (long- and short-period) and the regeneration 
methods (direct organogenesis, indirect organogenesis and somatic embryogenesis) were studied to know their 
contribution in bringing out somaclonal variation. RAPD analysis using 10 primers was performed to confirm 
genetic variation. The result showed that RAPD assay could be applied as early detection of  somaclonal variation of  
pineapple, where OPA primers were better to be used than OPJ primers. The phenotypic variation occurred in the 
four year-old pineapple plants and plantlets were due to genetic variation. It has proved that the long-period of  
cultures is the main contributor of  somaclonal variation, while the regeneration method and plant growth regulator 
could also induce genetic variation. The new cultures showed higher level of  similarity. Therefore, it needs a correct 
strategy to apply micropropagation method of  pineapple to minimize plant off-type. It was recommended to avoid 
the use of  long-period culture as mother stock and to apply direct organogenesis method for micropropagation 
rather than indirect organogenesis and somatic embryogenesis. 
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INTRODUCTION

Conventionally, pineapple can be propagated 
from various plant propagules, namely crown, 
sucker, butt or stump, hapas, ratoons and slip. 
However, their reproductive time is not uniform 
(International Board for Plant Genetic Resources 
1991; Coppens d'Eeckenbrugge & Leal 2003). 
Conventional propagation techniques were not 
appropriate for rapid mass propagation, such as in 
cultivar Smooth Cayenne, where availability of  
vegetative propagules are commonly limited both 
in the type (only crown and sucker) and the 
number.  culture techniques may be able to In vitro

solve the problem, since it can provide alternative 
methods for mass propagation plants with higher 
uniformity and at shorter times. According to 

Smith (2003), micropropagation has been et al. 
used for establishment of  multiplication blocks, 
which then provide conventional planting 
material for larger production blocks, because the 
micropropagated plants are more expensive and 
the growers concern about the genetic off-type.

It was reported that variation may be resulted 
from the pre-existing variation of  the explants 
(Wakasa 1979; Nwauzoma & Jaja 2013), the  et al. 
long period of  the culture (Koornneef  1991; 
Masoud & Hamta 2008), the high level of  plant 
growth regulator (Bairu 2006), the frequent et al. 
subculture (Eeuwens  2002), the genotype et al.
dependence (Zucchi . 2002), activation of   et al

transposable elements (Bairu  2011), and et al.
hypo- or hypermethylation of  DNA (Abdellatif  et 
al. 2012). To avoid the high level of  variation and 
to streamline the efficiency of  micropropagation 
method, it needs a strategy to produce uniform * Corresponding author  : ikatambunan@ yahoo.com
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genetic identity in the seedlings. Therefore, 
variations in the mother stocks and regenerants 
need to be characterized. Based on the 
morphological characterization of   cultures in vitro
and phenotypic evaluation of  the seedlings in the 
previous research, it was suggested that those 
variations were caused by somaclonal variation 
(Roostika 2012a). In order to confirm this 
suggestion, molecular analysis needs to be 
conducted.

Molecular markers are widely used to detect 
somaclonal variation and genetic fidelity during 
micropropagation (Tawar 2008; Rout et al. et al. 
2009; Khoddamzadeh  2010; Shahid . et al. et al

2014). Randomly Amplified Polymorphism DNA 
(RAPD) is applied because it is useful for analysis 
of  variation at many loci requiring small quantities 
of  DNA, but not prior knowledge of  DNA 
sequence nor involvement of  radioactivity 
(Williams 1990). In the case of  pineapple, et al. 
RAPD analysis has been performed to detect 
genetic fidelity and variants of  varA. comosus  

Queen (Soneji 2002), var et al. A . comosus 
Amarelinho (Feuser  2003), var  et al. A . comosus 
bracteatus et al.(Santos  2008) and the promising 
clone Golden Pineapple (Suminar 2010). The 
objectives of  this study were: (1) to confirm the 
occurrence of  somaclonal variation by RAPD 
method; (2) to know the level of  variation of  
regenerants derived from four regeneration 
methods (axillaries shoot proliferation, direct 
organogenesis, indirect organogenesis, and 
somatic embryogenesis); and (3) to detect the 
variation and to reduce the level of  variation.

MATE RIALS AND ME THODS

Plant Materials

 The plant materials were four-year-old 
pineapple cultures of  Simadu (Smooth Cayenne) 
from Subang, West Java, Indonesia. There were 
three populations used in this research.

Preparation of Population I 

 The cultures were established from axillary bud 
explants, excised from the crown of  pineapple 
plants grown in the field. The explants were 
sterilized using 70% ethanol and 10.5% sodium 
hypochlorite. The basal medium was MS salt 
(Murashige & Skoog 1962), 3% (w/v) sucrose, 

0.8% (w/v) agar, 100 mg/L myo-inositol  0.1 
 

,
mg/L thiamine-HCl, 0.5 mg/L  pyridoxine-HCl,  

0.5 mg/L  nicotinic acid with addition of  8.84 
 μM 

Benzyl Adenine (BA) and 9.3  kinetin (Kin). μM
Prior to autoclaving the medium, its pH was 
adjusted to 5.7± 0.1. T he cultures were 
illuminated 16 hours per day with 20  μmol
pho tons/m /s irradiance provided by 

2  

fluorescence lights in a culture room at 25± 2 C.  
0

After a four-year  period and more than 10  in vitro

times subculture, the cultures were maintained on 
MS basal medium with addition of  2.21 M BA μ
and 4.65 M Kin. The root induction was μ
conducted by planting the shoots onto the MS 
medium containing of  15  Indole Butyric Acid  μM
(IBA) and 5.37 Naphthalene Acetic Acid μM 
(NAA) for 3 weeks.

Preparation of Population II

 The cultures that grew normally were selected. 
Six hundred and fifty leaf  bases were isolated 
as sources of  explants that comprised 
approximately 1 cm of  basal portion of  the leaves. 
The explants were regenerated through direct 
organogenesis (Roostika  2012a) and indirect et al.
organogenesis regeneration (Roostika  et al.

2012b). The other cultures were prepared 
through indirect somatic embryogenesis as 
described by Roostika . (2012c).  The root et al
induction medium was the same as mentioned 
above.

Preparation of Population III

 Population III consisted of  plants collected 
from field (Clone Simadu and Non Simadu), the 
new cultures of  both clones derived from shoot 
proliferation and direct organogenesis 
regeneration. The axillary buds of  crown were 
sterilized and the  shoots were initiated on in vitro
MS media supplemented with 8.84  BA and μM
9.3  Kin for shoot proliferation. After 6  μM
months of  culture period without subculture, 
they were maintained on MS media with addition 
of  2.21 μM BA and 4.65 μM Kin prior to RAPD 
analysis.

RAPD Assay to Detect Somaclonal Variation

 The leaves of  acclimated variants were used as 

the samples in population I. About 10 shoots of  

cultures were pooled to make bulk samples in 

population II and III. RAPD assay was performed 
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using a modification method of  Soneji (2002). et al. 

The DNA samples were isolated using Cetyl 

Trimethyl Ammonium B romide (CTAB ).  

Subsequently, they were amplified by Polymerase 

Chain Reaction (PCR) machine. Each reaction  

mixture contained 1 µL 25 ng/L genomic DNA, 1 

µL primer as listed at Table 1 (Operon Tech. 

Alameda, USA) at 10 ng/µL, 11 µL ddH O and 12 2

µL PCR mix, in a 25 µL total reaction. The PCR 

consisted of  pre-denaturation at 94 C for 4 
0

minutes, 40 cycles at 94 C for 30 seconds 
0

(denaturation), 36 C for 1 minute (annealing) and 
0

1 minute at 72 C (extension), post-extension at 
0

72 C for 5 minutes and a final extension at 40 C 
0 0

for 4 minutes. The PCR products were resolved on 

1.2% agarose (Promega) and electrophoresed at a 

constant voltage of  50 V for 50 minutes and then 

the bands were stained with Ethidium Bromide 

(EtBr) and visualized under a UV transiluminator. 

A 1 kb DNA ladder was used as a molecular 

standard. The samples were scored based on 

presence (coded as 1) or absence (coded as 0) of  

the same size bands. To select the primers, the 

mother plant DNA and one variant ( ) needle leaf

were used. The primers that showed polymorphic 

bands and/or scorable bands were selected. The 
scored data (binary data) were analyzed using the 

SIMQUAL, SAHN and TREE programs from 

the Numerical Taxonomy and Multivariate 

Analysis System version 2.02 (NTSYS-pc 2.02). 

The similarity degrees were calculated according to 

the Dice coefficient. Groupings were carried out 

using the Unweighted Pair Group Method and 

Arithmetic Average (UPGMA) cluster analysis.

RE SULTS AND DISCUSSION

Genetic Variations Occurred in the Long-

Period  Cultures of  PineappleIn Vitro

 In order to determine the source of  
phenotypic variations occurred in the 
micropropagated cultures and plants, molecular 
analysis using RAPD markers was conducted. 
Plants with normal phenotype and exhibited 

several phenotypic variations (dwarf  posture, 
albino stripe leaf, narrow leaf, spines spot leaf, 
erect posture, wider leaf, powdery leaf, climb 
posture, needle leaf  and ultra dwarf  posture) were 

subjected to RAPD analysis using 10 primers. 
OPA and OPJ have been used to characterize the 
variation in orchid  (Chen 1998), Phalaenopsis et al. 

A . comosus et al. var. Queen (Soneji 2002) and var. 
bracteatus et al. (Santos  2008). The result showed 

that the primers of  OPA were better than OPJ in 
generating amplified bands. The two primers 
generated the highest number of  amplified bands, 
namely OPA13 and OPA16, whereas the primer 
of  OPJ11 produced the lowest number of  

amplified bands. The result showed that the 
phenotypic variation occurred in the population I 
(the four-year-old pineapple cultures were due to 
genetic variation as the RAPD method revealed a 
high polymorphism of  DNA bands (Fig. 1). A 

total of  73 bands were amplified, 70 (95.9%) of  
which were polymorphic (Table 2), indicated the 
high level of  variation. The NTSYS analysis 
yielded a dendrogram where the similarity 
coefficient ranged from 0.32 to 0.91 with  high 

Rohlf  matrix correlation value (r= 0.97, very 

111

Table 1  The list of  primers and their sequences used in the RAPD assay

No Primer  Sequence 3’ to 5’  

1 OPA2  TGCCGAGCTG  

2 OPA3  AGTCAGCCAC  

3 OPA7  GAAACGGGTG  

4 OPA9  GGGTAACGCC  

5 OPA13  CAGCACCCAC  

6 OPA16  AGCCAGCGAA  

7 OPA18  AGGTGACCGT  

8 OPA19  CAAACGTCGG  

9 OPJ11  ACTCCTGCGA  

10 OPJ13  CCACACTACC  
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suitable). It separated the variants at the similarity 
coefficient of  0.32-0.61 to the control plant (Fig. 

2). There were 82.3% plants with altered 
phenotype in the Population I (Roostika  et al.

2012a) and all of  those variants were genetically 
different from the control plants (plants with 
normal phenotype) based on RAPD analysis. 

This present study clearly showed that the use of  
long-period cultures open a high risk of  
somaclonal variation for pineapple micro-
propagation.

Regeneration Method Affects the Somaclonal 
Variation of Pineapple

 Based on Table 3, it seems that the OPA 
primers generated higher number of  amplified 
bands than those produced by OPJ primers. The 
highest amplified bands were yielded from OPA2 
and OPA3, whereas OPJ primers generated the 
lowest amplified bands. There was also a high 
polymorphism obtained from Population II (Fig. 
3; Table 3). From a total 65 amplified products, 60 
bands (92.3%) of  which were polymorphic (Table 
3). The NTSYS analysis yielded a dendrogram 
where similarity coefficient ranged from 0.34-0.99 
(r= 0.98). It separated the variants at the similarity 
coefficient of  0.34-0.65 to the control plant (Fig. 
4). The percentage of  polymorphism was only 
slightly lower than Population I. This result 
showed that the regeneration of  normal 
phenotype-selected cultures could only reduce a 
small variation. It seems that chimera might have 

been existed in those explants sources 
(Population I). Figure 4 also showed that 
picloram-derived cultures had the lowest 
similarity (0.34). Picloram is an auxinic herbicide 
belong to the pyridine group and commonly used 
at low concentration as an inducer for callus 
formation during somatic embryogenesis 
regeneration (Firoozabady & Moy 2004; Ahmed 
et al. et al.  2011; Noormi 2012). Beside regenerated 
through callus formation phase, it needs a longer 
time to conduct somatic embryogenesis, so that 
the probability of  genetic changes would increase. 
Callus is an undifferentiated structure and actively 
doing cell division. According to Miguel and 
Marum (2011), tissue culture systems that involve 
acquisition of  competence for extensive cell 
division are usually regarded as more risky of  
genome instability. Rani and Raina (2000) 
reported that there was a genetic instability of  
seedlings derived from micropropagation via 
callus formation. A high polymorphism (35/84 
bands) was also reported by Soniya  (2001) on et al.

tomato, cultured by picloram containing media. 
Several previous studies reported the 
contribution of  plant growth regulator in 
somaclonal variation, but they put less 
consideration in period of  cultures (Feuser  et al.
2003; Santos  2008). Our study showed that et al.
the long-period of  cultures is the main 
contributor of  somaclonal variation, the 
regeneration method and plant growth regulator 
could also induce genetic variation in the  in vitro
culture of  pineapple.

Table 2 The number of  amplified product and polymorphic bands in population I, conducted by PCR method using 10 
RAPD primers

No Primer Number of  amplified bands Number of  polymorphic bands  

1 OPA2 8 8  

2 OPA3 7 6  

3 OPA7 8 8  

4 OPA9 7 6  

5 OPA13 10 10  

6 OPA16 13 13  

7 OPA18 8 8  

8 OPA19 6 6  

9 OPJ11 2 1  

10 OPJ13 4 4  

 Total number of  bands 73 70  

 Percentage (%) 100 95.9  
Note: Population I was derived from the four-year  cultures regenerated through shoot proliferation methodin vitro
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Figure 1 Profiles of  DNA variants of  pineapple cultures in  population I (regenerated through shoot proliferation method), 
amplified by PCR using 10 RAPD markers. M =  kb ladder; N =  control plant from field; V13 = dwarf  posture; V10 =  
albino stripe leaf; V8 =  narrow leaf; V7 =  spiness spot leaf; V21 = erect posture; V12 =  wider leaf; V14 = powdery 
leaf; V4 =  climb posture; V2 =  needle leaf;  and V15 =  ultra dwarf  posture

RAPD analysis to detect somaclonal variation of  pineapple  cultures Roostika . – et alin vitro

 OPA2 OPA3

OPA9OPA7

OPA13 OPA16

OPA18 OPA19

OPJ11 OPJ13
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Figure 2 Variability of  variants derived from four year-old cultures of  pineapple cultivar Smooth Cayenne regenerated 
through shoot proliferation method (Population I), performed by 10 RAPD markers, based on (SAHN)-UPGMA 
analysis (r=0.97). N =  control plant from field; V13 =  dwarf  posture; V10 =  albino stripe leaf; V8 =  narrow leaf; 
V7 = spiness spot leaf; V21 =  erect posture; V12 =  wider leaf; V14 =  powdery leaf; V4 =  climb posture;   V2 =  
needle leaf; and V15 =  ultra dwarf  posture

Coefficient of  similarity

0.32 0.47 0.62 0.77 0.91

N

V13

V10

V8

V7

V4

V15

V21

V2

V12

V14

Figure 3 Profiles of  DNA variants of  pineapple cultures in population II, amplified by PCR using 10 RAPD markers. The 
arrows show polymorphic bands. kb =  kb ladder; 1 =  control plant; 2 =  cultures derived from direct 
organogenesis; 3 =  cultures derived from indirect organogenesis induced by 2,4-D 21 µM; 4 =  cultures derived 
from indirect organogenesis induced by 2,4-D 41 µM; 5 =  cultures derived from indirect organogenesis induced by 
2,4-D 62 µM; 6 =  cultures derived from somatic embryogenesis induced by 2,4-D; 7 =  cultures derived from 
somatic embryogenesis induced by picloram
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Shorter Period of Culture Could Suppress the 
Somaclonal Variation of Pineapple

 In order to further confirm our finding that 
culture period is the main contributor of  genetic 
variation occurred in the  culture of  in vitro
pineapple, the new population (Population III) 
was generated through shoot proliferation and 
direct organogenesis regeneration methods. The 
use of  OPA primers was also better than OPJ. It 
can be concluded that OPA primers were more 
suitable for detecting pineapple off-type than OPJ 

primers. Interestingly, the new population 
revealed a higher level of  similarity. The level of  
polymorphism in the Population III was lower 
than that in Population I (Fig. 5; Table 4). The 
NTSYS analysis yielded a dendrogram where 
similarity coefficient ranged from 0.65-1.0. It 
separated the regenerants at the similarity 
coefficient of  0.65-0.85 (r=0.96) to the control 
plant. It showed that the grouping is shifting to 
right, indicated the increase of  similarity degree. It 
can be concluded that the use of  the new 
population was better than the old population.

Table 3 The number of  amplified product and polymorphic bands of  population II, conducted by PCR method using 10 
RAPD primers

No Primer Number of  amplified bands Number of  polymorphic bands  

1 OPA2 9 9  

2 OPA3 9 9  

3 OPA7 5 5  

4 OPA9 8 8  

5 OPA13 6 6  
6 OPA16 5 5  
7 OPA18 8 8  
8 OPA19 5 3  
9
 

OPJ11
 

5
 

4
 

10
 

OPJ13
 

5
 

3
 

 Total number of  bands 65 60  
Percentage (%) 100 92.3

Note: Population II was derived from the normal phenotype-selected plantlets of  four-year  cultures, regenerated through direct in vitro
organogenesis, indirect organogenesis and somatic embryogenesis

Figure 4 Variability of  cultures of  pineapple cultivar Smooth Cayenne in population II, performed by 10 RAPD markers, 
based on (SAHN)-UPGMA analysis (r=0.98). N =  control plant; BN =  cultures derived from direct 
organogenesis; D21 =  cultures derived from indirect organogenesis induced by 21 µM 2,4-D; D41 =  cultures 
derived from indirect organogenesis induced by 41 µM 2,4-D; D62 =  cultures derived from indirect organogenesis 
induced by 62 µM 2,4-D; ESD =  cultures derived from somatic embryogenesis induced by 2,4-D; ESP = cultures 
derived from somatic embryogenesis induced by picloram

Coefficient of  similarity

0.34 0.50 0.66 0.82 0.99

S

BN

D21

D41

D62

ESD

ESP
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Table 4 The number of  amplified product and polymorphic bands of  population III, conducted by PCR method using 10 
RAPD primers

No Primer Number of  amplified bands  Number of  polymorphic bands  

1 OPA2 4 4  

2 OPA3 3 2  

3 OPA7 5 2  

4 OPA9 4 3  

5 OPA13 5 1  
6 OPA16 6 6  
7 OPA18 6 3  
8
 

OPA19
 

8
 

8
 

9 OPJ11 3 3  
10
 

OPJ13
 

4
 

4
 

 Total number of  bands 48 36  
Percentage (%) 100 75

Note: Population III was derived from the new  cultures, regenerated by shoot proliferation and direct organogenesis in vitro
method

Figure 5 Profiles of  variants DNA of  pineapple cultures in population III, amplified by PCR using 10 RAPD markers. kb = 
kb ladder; (1) Clone Simadu from field; (2) Clone non-Simadu from field; (3) normal phenotype plant derived from 
shoot proliferation method; (4) cultures of  Clone Simadu derived from shoot proliferation; (5) cultures of  Clone 
non- Simadu derived from shoot proliferation; (6) cultures of  Clone Simadu derived from direct organogenesis; 
and (7) cultures of  Clone non-Simadu derived from direct organogenesis. The arrows showed several polymorphic 
bands
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Figure 6 Variability of  cultures of  pineapple cultivar Smooth Cayenne in the population III, performed by 10 RAPD 
markers, based on (SAHN)-UPGMA analysis (r=0.96). S =  Clone Simadu from field; NS =  Clone non-Simadu 
from field; NI =  normal phenotype plant derived from shoot proliferation method; PS =  cultures of  Clone Simadu 
derived from shoot proliferation; PNS =  cultures of  Clone non-Simadu derived from shoot proliferation; OS =  
cultures of  Clone Simadu derived from direct organogenesis; and ONS =  cultures of  Clone non-Simadu derived 
from direct organogenesis

Coefficient of  similarity

0.32 0.49 0.66 0.83 1.00

S

NI

NS

PNS

PS

OS

ONS
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 Monitoring the identity of  cultures is 
important to establish the stability of  a particular 
trait (Soneji . 2002). Our result showed that the et al
molecular pattern of  the normal phenotype plant 
derived from shoot proliferation method was 
identical with the control plant of  Clone Simadu 
from field. Therefore, phenotypic screening in the 
individual cultures is considered to be applied as 
early detection of  plant off-type during 
micropropagation. RAPD assay can also be 
applied as early detection of  somaclonal variation 
in the population. According to Bairu  (2011), et al.
molecular technique enables detection of  variants 
at the juvenile stage. Furthermore, getting rid of  
variants also could be performed in nurseries to 
avoid the occurrence of  off-type in mass seedlings 
production (Mohamed 2007).
 Generally, it can be concluded that the long-
period of  cultures is the main contributor of  
somaclonal variation of  pineapple, while the 
regeneration method and plant growth regulator 
could induce genetic variation. According to Leva 
et al. (2012), the system by which the regeneration 
is induced, type of  tissue, explant source, media 
components and the duration of  the culture cycle 

are some of  the factors that are involved in 
inducing variation during  culture. in vitro

CONCLUSIONS

 RAPD assay could detect genetic changes in 
micropropagated pineapple so that it can be used 
as early detection of  off-type plant. The use OPA 
primers were better than OPJ primers. The long-
period of  pineapple cultures was the main 
contributor of  somaclonal variation. The use of  
direct organogenesis method was more 
recommended than the application of  the indirect 
organogenesis and somatic embryogenesis since 
it does not undergo callus formation.
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