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Abstract—The project was undertaken to determine the effects of 

modified tissue culture protocols e.g. age of culture and hormone 

levels (2,4-D) in generating somaclonal variation. Moreover, the 

utility of molecular markers (SSR and MSAP) in sorting off 

types/somaclones were investigated. 

Results show that somaclonal variation is in effect due to 

prolonged subculture and high 2,4-D concentration. The resultant 

variation was observed to be due to high level of methylation events 

specifically cytosine methylation either at the internal or external 

cytosine and was identified by methylation sensitive amplification 

polymorphism (MSAP). Simple sequence repeats (SSR) on the other 

hand, was able to associate a marker to a trait of interest. 

These therefore, show that molecular markers can be an important 

tool in sorting out variation/mutants at an early stage. 

 

Keywords—Methylation, MSAP, somaclones, SSR, subculture, 

2,4-D. 

I. INTRODUCTION 

LANT tissue culture is one of the most popular means of 

mass propagation in asexually propagated plants including 

bananas. It has also been used as a tool for crop improvement 

in several crop breeding programs. However, one of the 

constraints of in-vitro culture propagation is the appearance of 

problematic off-types that diminish the commercial value of 

resultant plants [1]. These variations termed as somaclonal 

variation (variations in plants regenerated from tissue culture) 

had been reported in crop plants and are abundant in bananas 

[2]-[5]. Moreover [6] and [7] reported that somaclonal 

variation in plants derived from shoot tip culture vary from 0-

70% depending on the genotype.  

According to [8], the mechanism of somaclonal variation 

involves extensive genomic flux or altered methylation 

patterns and that it can be inherited. Moreover, epigenetic 

factors are also involved, hence making it more complex [9]. 

Somaclonal variation arising from in-vitro propagation is 

associated with DNA novel and heritable phenotypic variation 

[10]. Several researchers had reported that methylation 

patterns vary among in-vitro regenerated plants and their 

progeny e.g. Rice [11], Corn [12], [13], Oil Palm [11], 

Bananas [14]. 
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Owing to the sterility and its being vegetatively propagated 

classical genetic techniques is very difficult to apply in 

analyzing and detecting somaclonal variants in banana. 

Therefore, molecular technique had been developed and used 

for to understand the genetic and epigenetic basis of 

somaclonal variation. Included among these are several 

molecular markers had been utilized on Musa. These workers 

include Random Amplified Polymorphic DNA (RAPD), 

Restriction Fragment Length Polymorphism (RFLP), 

Amplified Fragment Length Polymorphic (AFLP) and Simple 

Sequence Repeats (SSR) or microsatellites. The development 

and application of technologies based upon molecular markers 

provide the only tools that are able to detect polymorphism at 

the DNA sequence level where detection occurs. Likewise, 

they have been used to find out whether or not additional 

variation originates during storage and conservation [15]. 

DNA methylation is a biochemical process which is important 

for normal development in higher organism. This methylation 

events are usually analyzed using the methylation sensitive 

amplification polymorphism protocol/technique. 

Methylation sensitive amplification polymorphism is a 

molecular technique that highlights DNA methylation 

variation in somaclones compared to mother clones and can be 

a powerful tool for genotypic characterization [16]. In Musa, 

[14] reported the usefulness of MSAP in detecting DNA 

methylation events in micropropagated banana plants, while 

[17] reported genomic DNA methylation-demethylation as a 

marker for aging and reinvestigation of pine tree (Pinus 

radiata).  

Another useful marker is simple sequence repeats (SSR). 

SSRs are among several molecular markers that can be used to 

characterize and asses’ genetic variability. They are highly 

polymorphic, multi-allelic, co-dominant, reproducible, easy to 

interpret and amplified via polymerase chain reaction [18]. It 

has been reported to be abundant and randomly dispersed 

throughout the genomes of many plant species [19]. 

Moreover, microsatellites appear to be powerful and reliable 

markers for genetic analysis, hybrid fingerprinting and marker 

assisted breeding in Musa [19]. Moreover, B genome derived 

SSR markers was able to detect genetic variability among 

Musa genotypes in Ibadan, Nigeria [20]. It has also been 

successfully applied in the molecular genotyping of several 

crops e.g. rice [21], cereals [22], grapevines [23], cacao [24]. 

The study was undertaken to determine the utility of 

molecular markers (MSAP and SSR) in identifying 
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variants/somaclones and sort out at an early stage the offtypes 

and determine the underlying mechanism behind the variation. 

II. MATERIALS AND METHODS 

A. Plant Materials 

Corms were obtained from a plantation in Magpet, North 

Cotabato, Philippines and were used for in vitro propagation 

of somaclones. Shoot tip cultures derived from the said 

‘Lakatan’ corms were established using standard tissue culture 

procedures for disinfection, culture initiation and maintenance 

[25].  

Shoot tips were inoculated onto full strength [26] medium 

solidified with 7% agar where varied levels of 2,4-D 

concentrations (3, 6, 9, 12 µM/li respectively) was 

supplemented. Cultures were maintained at 27
0
C: 24 hr white 

light was provided by a 40 watt fluorescent lamp. 

After 21 days, the initial cultures were further subdivided 

into 2-3 sections. Every 21 days thereafter the cultures were 

transferred to a fresh medium. The cultures were maintained 

until the 15
th

 subculture to determine the effect of age of 

culture in the induction of somaclonal variation in vitro. 

Beginning at the 3
rd

 cycle until the 11
th
 - 13

th
 cycles, 

observations and data on number of days to shoot initiation 

and number of shoots developed were recorded. Plantlets 

derived per treatment combination were planted in the 

greenhouse for four weeks. Evaluation of the pre and post 

harvest traits were carried in the field and association between 

molecular markers viz-a-viz morphological trait was observed. 

B. Molecular Analysis 

Genomic DNA was extracted from samples for every 

treatment combinations (starting from subcultures 4 until 

subculture 11 and different 2,4-D concentrations) using the 

modified CTAB extraction protocol [27]. 

To detect MSAP, two digestion reactions were set up at the 

same time for each genomic DNA sample. In the first reaction 

200 ng of the genomic DNA was digested with 5 U of EcoR 1 

(Gibco BRL) plus 5 U of Msp 1 (Gibco BRL) in a final 

volume of 50 µl containing 50 mMTris-HCl (pH 8.0), 10 mM 

MgCl2 and 50 mM NaCl for 5 h at 37
0
C. The second digestion 

reaction was carried out as above; however, Hpa II (Gibco 

BRL) was used instead of Msp 1. The digestion reactions were 

then ligated to the adapters by adding 10 µl of ligation mixture 

containing 1 z T4 DNA ligase buffer (Gibco BRL), 10 U T4 

DNA ligase (Gibco BRL), 5 pmol EcoR 1 adapter and 50 

pmol Msp i-Hpa II adapter (Table I). The ligation reaction was 

incubated at 23
0
C for 5 h. The digestion and ligation reactions 

were stopped by incubating at 65
0
C for 10 min.  

The preamplification reaction was performed by using 5 µl 

of the above ligation product with 75 ngEcoR 1 primer with 

one selective base (Eco R1 + 1), 75 ngMsp 1-Hpa II primer 

with no selective base (Msp 1-Hps II + 0), 1 x PCR buffer 

(Gibco BRL), 1 U Taq polymerase (Gibco BRL), 1.5 mM 

MgCl2 and 0.4 mMdNTP’s in a final volume of 50 µl. 

Reaction conditions were 20 cycles of 94
0
C for 1 min, 56

0
C 

for 1 min and 72
0
C for 2 min.  

Selective amplification was conducted in volumes of 20 µl. 

For selective amplification the preamplified mixtures were 

diluted 1:25 from their original volume with TE. A volume of 

5 µl of these diluted samples was mixed with 30 ng of Eco R 1 

with two selective bases, 10 ng of Msp 1-Hpa II primer with 

two or three selective bases end-labelled with 0.8 uCi [α
32

 

P]ATP, 1 x PCR buffer, 0.5 U Taq DNA polymerase and 1.5 

mM MgCl2. Fragments present in these mixtures were 

amplified for 1 cycle of 94
0
C for 30 s, 65

0
C for 30 sand 72

0
C 

for 1 min in the following 12 cycles the annealing temperature 

of 65
0
C was lowered by 0.7

0
C each cycle, followed by 24 

cycles with the following program: 94
0
C for 30 s, 56

0
C for 1 

min and 72
0
C for 2 min with a final extension at 72

0
C for 5 

min. All amplification reactions were carried out in a PTC 200 

Thermal cycles (Waltham, MA, USA). 

C. SSR Analysis 

Forty (40) Simple Sequence Repeats (SSR) primers’, 

specific for bananas were screened for their utility in 

differentiating the somaclones. Amplification of SSRs was 

performed on 12.5 µl PCR reactions containing 20-25 ng 

genomic DNA, 0.4 µM each of forward and reverse primers, 1 

x PCR buffer, 1.5 mM MgCl2, 0.2 mMdNTPs and 0.1 U of 

Taq Polymerase. PCR was performed under these conditions: 

initial denaturation at 94
0
C for 4 min followed by 35 cycles of 

denaturation at 94
0
C for 30 sec, 54

0
C annealing for 30 sec 

(Tm depends on the primers used) and 72
0
C for a minute. 

Final extension was at 72
0
C for 10 min and incubation at 

10
0
C. PCR amplification was evaluated using 3% agarose gel 

electrophoresis and visualized with ethidium bromide. All 

primers yielding amplification were determined and 

characterized based on intensity, resolution of bands, and 

number of bands produced. Those primers yielding at least 3 

to 5 amplification products of good intensity and resolution 

were tested further in replicated trials. Those primers revealing 

polymorphic patterns were determined and the extracted DNA 

data were subsequently analyzed statistically using the 

NTSYS pc software package version 2.01 [28]. A dendrogram 

was constructed based on the matrix of similarity using the 

Unweighted Pair Group Method of Arithmetic Average 

(UPGMA). Specifically, results of PCR amplification using 

specific primers were scored as presence (1) or absence (0) of 

the amplified fragment. Genetic similarities were evaluated 

using the unweighted pair grouping with arithmetic average 

(UPGMA). A dendrogram of genetic similarity was generated 

with the NTSYSPc Version 2.10z (1986-2002 Applied 

Biostatistics, Inc.) 

III.  RESULTS - MOLECULAR EVALUATION 

A. MSAP Analysis 

DNA methylation is a biochemical process that is important 

for normal development in higher organisms. This methylation 

events are usually analyzed using the methylation sensitive 

amplification polymorphism protocol/technique. For this 

project, MSAP analysis was done in DNA of tissue cultured 

plantlets using the candle or cigar leaf stage. This was carried 
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out to determine the methylation events in their genetic make-

up. Fig. 1 shows an example of an MSAP profile generated 

from the analysis. Table I shows the list of adapters and 

primers used in the MSAP analysis. For the methylation 

analysis, out of the 42 MSAP primer combinations 

tested/screened, 6 primer combinations were found to be 

informative based on their amplification and intensity. Table II 

shows 15,993 MSAP fragments of which 277 were methylated 

fragments (CpG methylation) while the hemi-methylated 

(non- CpG methylation); was 188. Out of these methylated 

and hemi-methylated fragments, 66 loci showed 

polymorphism for the treatment combinations corresponding 

to a genetic variation of 16%. Specifically, the number of loci 

counted for each primer combination vis-a-vis treatment 

combinations varied from 23 to 189 (Table III). The identified 

type of methylation events that occurred was based on 

methylation sensitivities of 2 isoschizomers (EcoRI/MspI and 

EcoRI/HpaII). Presence of MSAP fragments in both 

EcoRI/MspI and EcoRI/HpaII profiles indicated non-

methylated loci. CpG-methylated loci on the other hand, were 

characterized by the presence of EcoRI/MspI fragment 

andabsence of HpaII fragment in the same locus. The opposite 

pattern, fragments present in EcoRI/MspI digestions were 

counted as hemi-methylated loci representing methylation on 

external cytosine i.e. non-CpG methylation (Salmon et al. 

2008). To investigate somaclonal variation, variation in 

methylation was evaluated among the samples. A sample 

result (Table III) shows that, variation in the DNA methylation 

occurred in the in-vitro cultures and that the different 

treatments showed variation in the number and pattern of 

methylation events. Differences in the polymorphic loci 

between control and different treatment combinations were 

also noted. As mentioned earlier, the 6 primer combinations 

generated 66 polymorphic MSAP fragments. This is an 

indication that polymorphic band is due to variation in 

methylation events/patterns. 

Results also reveal higher incidence of non-methylated loci 

over that of hemi and internal methylation for all the 

treatments. Some results also showed varied occurrence of 

internal methylation due to higher levels of 2,4-D (i.e. 6-12 

µM) for some primer combinations and prolonged subculture. 

 

 

 

 

 

 

 

 

It is also noteworthy to mention that some treatments 

generally gave higher frequency of methylation than the 

untreated samples (with few exceptions). General observations 

of the results show differences in the number of bands and 

number of methylated bands for all the treatment 

combinations. However, a general trend was not observed for 

most of the oligonucleotide combinations. For the primer 

combination, EAC/MHCA, subculture 11 generated the most 

number of bands for all the 2,4-D treatments. However, this 

was not observed for the number of methylated bands. It can 

also be noted that in some cases, no methylation event 

happened at some treatment combinations. This can be an 

indication of hyper-methylation hence less epigenetic 

diversity. 

 
TABLE I 

LIST OF ADAPTERS AND PRIMERS USED FOR MSAP ANALYSIS 

Adapters/primers DNA Sequence 

EcoR1 adapter 5’ – CTCGTAGACTGCGTACC – 3’ 

 3’ – CATCTGACGCATGGTTAA – 5’ 

EcoR1 + 1 primer 5’ – GCATGCGTACCAATTCA – 3’ 

EcoR1 + 2 primers 5’ – GCATGCGTACCAATTCAC – 3’ 

 5’ – GCATGCGTACCAATTCAG – 3’ 

 5’ – GCATGCGTACCAATTCTG – 3’ 

MspI-HpaII adapter 5’ – CGACTCAGGACTCAT -3’ 

 3’ – AGCGATGAGTCCTGAGT – 3’ 

MspI-HpaII + 0 primer 5’ – GATGAGTCCTGAGTCGG -3’ 

MspI-HpaII + 2 primers 5’ – GATGAGTCCTGAGTCGGCA -3’ 

 5’ – GATGAGTCCTGAGTCGGGT -3’ 

MspI-HpaII + 3 primers 5’ – GATGAGTCCTGAGTCGGATG -3’ 

 5’ – GATGAGTCCTGAGTCGGCAT -3’ 

 5’ – GATGAGTCCTGAGTCGGCTC -3’ 

 
TABLE II 

 SUMMARY OF METHYLATION AMPLIFICATION OF THE TISSUE CULTURE 

DERIVED PLANTLETS FROM PROLONGED SUBCULTURE AND LEVELS OF 2,4-D 

TREATMENTS 

Total MSAP Fragments detected by the six primer 
combinations 

15,993 

Total Methylated Fragments (6 primers)/Internal 277 (1.73%) 

Total Hemi-methylated Fragments  188 (1.18%) 

Total Non-methylated Fragments 15,451 (96.61%) 

Total Polymorphic DNA Methylation events 66 

% Variation 16 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 MSAP profile of selected banana somaclones at different subcultures supplemented with high 2,4-D levels using the primer combination 

E-TG/MH-CTC 
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Moreover, comparison between the treated and untreated 

samples is shown in Table IV. In general, divergences of 

occurrence of methylation events among the tissue culture 

derived plantlets were evident. Specifically, each of the 

treatment combinations (2,4-D level and subculture) showed 

varied results. For the untreated plantlets, a total of 49 

methylation events were generated, where 29 were CpG 

methylation, 15 were hemi methylation (non-CpG 

methylation) and 5 were demethylation. Noteworthy is that, 3 

of these DNA methylation events are polymorphic. For the 

treated samples on the other hand, MSAP profiles showed a 

total of 356 methylation events where 191 were CpG 

methylation (full methylation at the internal cytosine), 45 were 

hemi methylation (methylation at the external cytosine) and 45 

were demethylation. In previous studies of tissue culture 

induced mutation in coffee, [16] reported higher methylation 

in somaclones was due to more polymorphic bands in tissue 

culture induced variation in barley, [30] also reported that 

variation was due to nucleotide mutations and changes in 

methylation state. Therefore, data shows that total methylation 

events were much higher in the 41 somaclones compared to 

the control. This was mainly due to a higher level in full 

methylation of the internal cytosine as most of the bands were 

produced from a cleavage by Msp 1, but not Hpa II. This 

result is in agreement with the results of [16] in grapevine. 

However, in the case of tissue culture in wild barley, [31] 

reported a significant decrease in the cytosine methylation 

levels at the CCGG sites. On the other hand, hemi methylation 

of external cytosine of the selected somaclones was 

significantly lower than the untreated samples. This 

modification, in the cytosine methylation indicates that 

epigenetic alterations might have played an important role that 

resulted to somaclonal variation. This result is in agreement 

with results of [32] and [12] where they suggested that 

epigenetic alterations play an important role in the cytosine 

modifications. Moreover, [29] and [33] pointed out the 

possible interactions of both epigenetic and genetic changes 

induced by the plant tissue culture process. 

Moreover, the results of the study revealed alterations of 

methylation patterns at different loci and regenerants were 

distinct from the donor plants/control. Altogether, MSAP 

analysis suggests modification in cytosine methylation and 

alterations in methylation patterns as affected by age and 

hormone level. 

B. SSR Analysis  

In order to determine the differences in the genetic 

constitution of these selected somaclones, 40 SSR markers 

were used to discriminate one variant from the others. Out of 

the 40 SSR primers used, only 10 gave scorable bands e.g. 

observed (Ho) and expected heterozygosity (He), and power to 

discriminate (PD) (Table V). Fig. 2, on the other hand, is an 

example of the SSR profile of the selected ‘Lakatan’ 

somaclones. Results (Table V) shows that allele size ranged 

from 26-1140 bp. Observed heterozygosity (Ho) ranged from 

0.73-0.98 while expected heterozygosity (HE) ranged from 

0.52- 0.94 and PD ranged from as low as 0.06 to as high as 

0.85. Noticeably, primer Ma 3/60 had high Ho and HE values 

but its power to discriminate was very low (0.06). This primer, 

although, was able to generate 2 polymorphic genotypes, all 

genotypes; however, had the same allelic size or has the same 

banding pattern. This case is true to all primers with high Hos 

and HEs but low PDs. Primers Ma 119 and Ma 364 were the 

most discriminating primers. They were able to detect 

substantial gene diversity from all plant samples evaluated. 

This was validated by their PD values of 0.85 and 0.84, 

respectively. 
 

TABLE III 
SAMPLE MSAP METHYLATION PATTERNS OBSERVED PER PRIMER 

COMBINATION IN TISSUE CULTURE-DERIVED ‘LAKATAN’ TREATED WITH 

PROLONGED SUBCULTURES AND 2,4-D LEVELS 

Primer 

Combinations 

Treatments SUB-CULTURE 

5 6 7 8 9 10 11 

AC-CA 

Control 5             

3uM 2,4-D/Li 6 1 0 4 0 0 2 

6uM 2,4-D/Li 7 4 0 0 0 0 2 

9uM 2,4-D/Li 5 0 0 2 0 0 0 

12uM 2,4-D/Li 2 0 0 0 0 4 9 

AC-ATG 

Control 1             

3uM 2,4-D/Li 5 1 0 4 2 1 6 

6uM 2,4-D/Li 2 2 0 0 1 1 3 

9uM 2,4-D/Li 3 0 0 2 0 2 2 

12uM 2,4-D/Li 0 0 3 0 0 2 1 

AC-CAT 

Control 2             

3uM 2,4-D/Li 3 5 0 4 0 3 4 

6uM 2,4-D/Li 0 2 0 4 0 2 3 

9uM 2,4-D/Li 4 2 0 3 0 4 2 

12uM 2,4-D/Li 4 4 0 4 0 4 0 

AC-CTC 

Control 1             

3uM 2,4-D/Li 0 2 0 6 0 1 1 

6uM 2,4-D/Li 3 3 0 2 0 3 1 

9uM 2,4-D/Li 7 0 0 5 0 0 7 

12uM 2,4-D/Li 5 0 0 1 0 0 6 

AC-GT 

Control 3             

3uM 2,4-D/Li 5 3 0 6 0 8 8 

6uM 2,4-D/Li 1 2 0 6 0 8 7 

9uM 2,4-D/Li 3 2 0 1 0 8 6 

12uM 2,4-D/Li 2 2 0 6 0 4 0 

TG-ATG 

Control 3             

3uM 2,4-D/Li 6 6 3 6 0 8 1 

6uM 2,4-D/Li 3 1 4 4 0 7 3 

9uM 2,4-D/Li 4 6 0 4 3 8 4 

12uM 2,4-D/Li 4 6 4 4 0 8 2 

 

TABLE IV 

COMPARISON OF METHYLATION EVENTS BETWEEN THE UNTREATED SAMPLES 

AND TISSUE CULTURE DERIVED PLANTLETS TREATED WITH LONG CULTURE 

PERIOD AND 2,4-D CONCENTRATIONS 

 
Total 

methylation 
events 

Full 
methylati

on 

Hemi 
methylati

on 

Demet
hylatio

n 

Non-
methylati

on 

Control 49 29 15 5 3,137 

Treated 
Samples 

356 191 45 45 12,856 

 

Ten (10) SSR markers (Table VI) were able to generate a 

total of 61 polymorphic genotypes at each loci and 60 

observed heterozygous alleles from all selections. A total of 

2,377 fragments were amplified and/or detected by these 

primers from the 40 selected variants giving an average of 

237.7 fragments/ primer. Unweighted Pair Group Method 

using arithmetic average (UPGMA) by NTSYSpc Version 
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2.01 software by Rohlf (1997) [28] was performed to calculate 

hierarchical clustering of 40 selected somaclones on the basis 

of their shared allele distances. A dendrogram was constructed 

for these selected somaclones (Fig. 3). At 0.90 similarity 

coefficient, somaclones can be grouped into10 clusters/groups. 

The dendrogram shows that C7T4#25, C13T2#30 and 

C13T4#13 were individually grouped indicating individual 

traits specific for each. This is also an indication of their 

genetic differences from the other selections. C7T4#25 with a 

heavier bunch (15.43 kg) and with 20 fingers per hand 

weighing an average of 2.20 kg was found to be the most 

genetically distant somaclone. The variation observed in the 

SSR pattern maybe due to different causes,either, methylation, 

loss or gain of nitrogen base or point mutation. Epigenetic 

component of the genome on the other hand cannot be 

disregarded to have a role on this variation.  

Based on the 10 informative SSR markers, a genotypic 

constitution of 17 somaclones (with positive traits) was 

established. Some of the markers generated specific genotype 

for each somaclone carrying the most superior traits over that 

of other selected somaclones and untreated samples. 

Table VII shows the specific SSR markers that were able to 

differentiate and generate specific phenotype for a trait of 

interest. For example, marker Ma1/27 generated a unique 

genotype for somaclone C7T3#21 with heaviest fruit. 

For the heaviest hand (C7T4#25), primers Ma1/27 and 1/24 

(genotype A and B, respectively) were able to detect unique 

genotypes for this trait. Ma1/16 on the other hand, was able to 

generate specific genotype for 4 somaclones [longest fruit 

(C8T1#25)], heaviest bunch (C11T1#31), more number of 

hands (C11T2#38) and longer days to 50% yellowing 

(C14T5#28)]. Moreover, Ma 1/19 generated specific genotype 

for 3 somaclones corresponding to heaviest hand (C7T4#25), 

more number of hands and fingers (C11T2#15), and longer 

days to 50% yellowing (C14T5#48). This therefore suggests 

that the abovementioned SSR markers are useful in sorting of 

improved somaclones with subtle changes. Likewise, the 

result suggests/implies that SSR markers can serve as a marker 

for some post harvest traits e.g. yield and shelf life of bananas, 

in this case. Nevertheless, the trueness to type and stability 

should be confirmed in succeeding generations to rule out 

epigenetic variation. 

All of the selected somaclones (Table VIII) are significantly 

better than the control in terms of the selected traits. Also, the 

summary of the character traits of Lakatan somaclones in 

association with MSAP markers used is presented in Table IX. 
 

TABLE V 
ALLELE SIZE, OBSERVED HETEROZYGOSITY, EXPECTED HETEROZYGOSITY 

AND POWER OF DISCRIMINATION OF SSR PRIMERS USED TO EVALUATE 40 

SELECTED BANANA SOMACLONES 

SSR 

name 
Primer sequence 

Allele size 

range (bp) 
H
o
 

H
E 

(PIC) 
PD 

1. Ma 
3/2 

GGA ACA GGT GAT 
CAA AGT GTG A (F) 

81-597 0.98 0.89 0.65 

 

TTG ATC ATG TGC 

CGC TAC TG (R)     

2. Ma 

1/27 

TGA ATC CCA AGT 

TTG GTC AAG (F) 
26-900 0.95 0.78 0.48 

 
CAA ACA CAT GTC 

CCC ATC TC (R)     

3. Ma 

1/18 

TTT GCC TGG TTG 

GGC TGA (F) 
126-134 0.98 0.70 0.22 

 
CCC CCC TTT CCT 

CTT TTG C (R)     

4. Ma 

3/60 

TGG CTG ACA ATT 

ACA TGA CA (F) 
83-140 0.85 0.75 0.06 

 
GCG CAC TGT GGT 

GTG T (R)     

5. Ma 

1/24 

GAG CCC ATT AAG 

CTG AAC A (F) 
76-144 .90 0.49 0.18 

 
CCG ACA GTC AAC 
ATA CAA TAC A (R)     

6. Ma 
1/16 

TTT GCC TGG TTG 
GGC TGA (F) 

133-1140 0.73 0.86 0.79 

 

CCC CCC TTT CCT 

CTT TTG C (R)     

7. Ma 
1/19 

ATT GGG CAG GCA 
TCA AGT AC (F) 

146-900 0.78 0.89 0.85 

 

GCA ATG GTG CTA 

CCC ACC (R)     

8. Ma 3 
64 

CAA CAG CTC TCG 
CACA TTC (F) 

128-1028 0.90 0.92 0.84 

 

AAC CTT TAA TGT 

ATC TGC (R)     

9. Ma 

3/90 

GCA CGA AGA GGC 

ATC AC (F) 
87-583 0.97 0.94 0.72 

 
GGC CAA ATT TGA 

TGG ACT (R)     

10. Ma 

1/5 

AGA TGG CGG AGG 

GAA GAG CCG (F) 
149-588 0.95 0.80 0.63 

 
GAT CCA AGC TTA 

TCG A (R)     

 

Fig. 2 SSR Profile of the selected ‘Lakatan’ somaclones. 
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Fig. 3 Tree plot of 40 selected ‘Lakatan’ somaclones clustered b UPGMA [28] 

 
TABLE VI 

NUMBER OF BAND AMPLIFICATIONS, POLYMORPHIC AND HETEROZYGOUS 

LOCI, AND TOTAL FRAGMENTS AMPLIFIED BY SSR MARKERS USED TO 

EVALUATE 40 SELECTED ‘LAKATAN’ SOMACLONES 

Primer 

Name 

# of 

genotypes 

amplified 

# of 

polymorphic 

loci 

Heterozygous 

loci 

Total # of 

fragments 

amplified 

1. Ma 3/2 10 10 10 315 

2. Ma 1/27 3 3 3 148 

3. Ma 1/18 2 2 2 116 

4. Ma 3/60 2 2 2 134 

5. Ma 1/24 2 2 1 74 

6. Ma 1/16 7 7 7 204 

7. Ma 1/19 11 11 11 246 

8. Ma 3 64 13 13 13 406 

9. Ma 3/90 8 8 8 565 

10. Ma 1/5 3 3 3 169 

Total 61 61 60 2,377 

 
 

 

 
 

 

 
 

 

 
 

 

 

TABLE VII 
CHARACTER TRAITS OF THE ‘LAKATAN’ SOMACLONES IDENTIFIED BASED ON 

THE SSR PRIMERS USED  

Character Trait Somaclone 

identity 

Unique/Specific 

Marker 

highest dry matter content C6T5#3 Ma 1/18 

heaviest fruit C7T3#21 Ma 1/27 

heaviest hand C7T4#25 Ma 1/27 

Ma 1/24 

longest fruit  C8T1#25 Ma 1/16 

highest TSS C-T4#20 Ma 1/19 

highest pH and longer shelf life C10T2#21 Ma 3/90 

early maturing C10T5#1- Ma 3/2 

heaviest bunch, more # of hands C11T1#31 Ma 1/19 

more # of hands and fingers C11T2#15 Ma 1/19 

C11T2#38 Ma 1/16 

more # of Hands  C11T2#4 Ma 1/19 

C13T2#31 Ma 1/16 

highest fruit girth C14T3#21 Ma 3/90 

longer days to 50% yellowing C14T5#48 Ma 1/16 

Ma 1/19 

Ma 3/90 
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TABLE VIII 

SUMMARY OF THE SELECTED SOMACLONES AND THE CORRESPONDING 

CHARACTER TRAITS EXHIBITED EXPRESSED IN RESPONSE TO PROLONGED 

SUBCULTURE AND 2,4-D LEVEL 

Somaclones 

Weight 

of 

bunch 

Somaclones 

Weight 

of 

finger 

Somaclones 

More 

number of 

fingers/ 

hand 

C11T1#31 20.78kg C7T1#5 140g C11T2#15 21 

C7T1#18 17.20kg C12T2#42 140g C11T2#38 21 

C7T1#27 17.00kg C10T2#21 121g C7T3#5 20 

C11T2#15 18.63kg C11T1#31 120g C7T4#25 20 

C13T2#1 19.15kg C12T4#17 120g C11T2#9 20 

C13T2#31 17.80kg C14T3#21 120g C13T2#19 20 

C13T2#19 17.00kg C14T3#43 120g Control 16 

C14T3#21 17.00kg Control 80g   

Control 12.10kg     

 

TABLE IX 
RECOMMENDATIONS SUMMARY TABLE FOR THE CHARACTER TRAITS IN 

ASSOCIATION WITH MSAP MARKERS 

Character traits Primer Size of bp 

More number of fingers E-TT/MH-CAT 690 

495 

E-TT/MH-ATG 148 

More number of hands E-TT/MH-CAT 690 

 E-TT/MH-ATG 148 

Heaviest weight of hand E-TT/MH-CAT 690 

High dry matter content E-TT/MH-CAT 690 

495 

E-TT/MH-ATG 148 

High TSS E-TT/MH-CAT 495 

E-AC/MH-GT 37 

E-TT/MH-ATG 148 

Longer shelf life E-TT/MH-CAT 690 

E-AC/MH-GT 77 

Early flowering E-TT/MH-ATG 148 

Highest fruit girth E-TT/MH-CAT 690 

E-TT/MH-CAT 495 

IV. SUMMARY AND CONCLUSION 

The project employed modified tissue culture protocols 

such as prolonged subculture and hormone levels (2,4-D) to 

determine the rate and level of somaclonal variation that can 

be generated. 

Based on the results, tissue culture protocols can be used as 

a tool for improvement of asexually propagated crops where 

conventional breeding is difficult if not impossible. In this 

particular case, age of culture (prolonged subculture) and high 

concentration of hormone (2,4-D) facilitated the production of 

novel phenotypes (both positive and negative traits) leading to 

the production of superior ‘Lakatan’ mutants in terms of yield 

e.g. bunch weight, number of hands, weight of hand, shelf life, 

etc. 

From these, somaclones were identified and selected. The 

said selected somaclones if proven to carry stable traits can be 

submitted to the NSIC for evaluation and accreditation as a 

new strain of ‘Lakatan.’ This then, eventually will be 

distributed to farmers as a new ‘Lakatan’ strain with improved 

qualities. 

In terms of protocols for sorting of off types, molecular 

markers e.g. Methylation Sensitive Amplification 

Polymorphism (MSAP) and Simple Sequence Repeats (SSR) 

markers were found to be efficient technologies that can 

identify the variants and explain the underlying mechanism 

behind the resulting variations. 

As an alternative technology, plant improvement through 

somaclonal variation can support conventional breeding of 

new superior variants with a better performance. Likewise, 

induced mutation could increase genetic variation in ‘Lakatan’ 

banana which eventually could give advantage in providing 

farmers with superior strains of interest, in this case ‘Lakatan’. 

In vitro culture (prolonged subculture and 2,4-D levels) 

effectively produce new somaclones with desired characters. 

V. RECOMMENDATIONS 

In vitro culture techniques, although a means to propagate 

true to type planting materials can also be used as a tool for 

genetic improvement of sterile or asexually propagated crops. 

This study proved that genetic manipulation can be done 

through modification of tissue culture protocols such as 

prolonged subculture (age) and 2,4-D levels (hormone 

concentration.) Moreover, molecular markers i.e. MSAP and 

SSR markers can be used to determine the underlying 

mechanisms that brought about such variations (whether 

positive or negative traits). SSR in particular can assist 

breeders in identifying and sorting the traits of interest. 

The results of this study can therefore be used in assisting 

tissue culture laboratories in ensuring the trueness to type of 

their plantlets by limiting their subculturing protocol and use 

of hormones. On the other hand, genetic improvement can be 

pursued through induction of somaclonal variation in 

targetting novel and superior traits. 

In this study, although there is an evidence of differences 

between regenerants and explants types, there is a need to 

consider further evidence to fully ascertain the effect of the 

hormones and age of subculture on the extent of DNA 

methylation polymorphism using other methylation sites such 

as the trinucleotide C x G [14]. 
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