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DNA markers for early detection of somaclonal variation in Berangan banana
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Abstract

Banana is Malaysia’s second most cultivated fruit, with 50% of the cultivation focusing
on Berangan and Cavendish types. Bananas have been identified as one of the important
fruits in the National Agrofood Policy (2011-2020) due to their demand in the domestic
and export markets. Thus, FGV is committed to achieving a 50% market share of local
banana production through tissue culture propagation techniques. This technique enables
the mass production of banana planting material in a short period. However, one downside
of this technique is the random occurrence of somaclonal variation, which has been
reported for various crops. FGV’s clonal propagation aims to produce true-to-type banana
planting materials, therefore, somaclonal variants are undesired. Hence, we aimed to
establish a marker-based screening method for early detection and elimination of
Berangan somaclonal variants prior to field planting. Berangan leaf samples with and
without somaclonal variation were collected from different sites. The samples’ DNA was
extracted using an in-house cetyltrimethylammonium bromide (CTAB) extraction method
and screened using 145 Random Amplified Polymorphic DNA (RAPD) markers. RAPD
markers that could distinguish somaclonal variation in the Berangan samples were
developed into Sequence Characterized Amplified Region (SCAR) markers for routine
screening. The SCAR markers were validated for their ability to reproduce the specific
bands from the RAPD results. Of the 145 RAPD markers, three markers do not produce
any bands, 47 RAPD markers produce monomorphic bands and 95 RAPD markers
produce polymorphic bands. Three out of the 95 polymorphic RAPD markers were able to
selectively distinguish the somaclonal variation in samples from similar sources. The three
RAPD markers were developed into SCAR markers, and they successfully reproduced the
specific bands from their respective RAPD results. Hence, the developed SCAR markers
will be utilized for the early detection and elimination of Berangan somaclonal variants
from selected sources.

1. Introduction

Banana is Malaysia’s second most cultivated fruit,
with 50% of the cultivation focusing on Berangan and
Cavendish types. Over the years, banana consumption
and demand in the domestic and export markets have
been steadily increasing (Mohamad Roff ef al., 2012). In
conjunction with that, banana was identified as one of
the important fruits under the National Agrofood Policy
(2011-2020) for the export market (Tan, 2022).
Following up on the National Agrofood Policy (2011-
2020), FGV is committed to achieving a 50% market
share of local banana production through tissue culture
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propagation technique (FGV Holdings Berhad, 2020).
This technique enables the mass production of banana
planting material with identical genetic composition in a
short period. However, one downside of this technique is
the random occurrence of somaclonal variation, which
has been reported since 1971 for various crops such as
sugarcane (Heinz and Mee, 1971), tomato (Van den Bulk
et al., 1990), potato (Juned et al., 1991), maize (Williams
et al., 1991) and banana (Israeli et al., 1991).

The term somaclonal variation was first used in 1981
when referring to the variabilities observed among the
somaclones produced through cell or tissue culture
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techniques (Larkin and Scowcroft, 1981). The
variabilities observed could be caused by either genetic
or epigenetic modifications that occur during the tissue
culture process. The genetic variabilities observed in
somaclones enable breeders to rapidly develop new
varieties without complex procedures (Krishna et al.,
2016). However, somaclonal variants are undesired when
the aim is to produce true-to-type planting materials and
the somaclonal variants of banana are usually inferior
compared to its mother plant (Sahijram ef al., 2003). The
somaclonal variation reported for bananas can be
classified based on the plant stature, foliage, pseudostem
pigmentation, inflorescence and fruit. Nevertheless,
somaclonal variations involving the inflorescence and
fruit such as abnormal bunch orientation, absence of
male bud, and a small bunch with short or twisted fingers
(Sahijram et al., 2003) are more concerning as the yield
would be compromised. Thus, incorporating a quality
control step that can distinguish between the normal and
somaclonal variant banana during the tissue culture
process is crucial and molecular markers could serve this

purpose.

Molecular markers refer to the DNA nucleotide
sequence differences between individuals, populations,
organisms or species. Various types of molecular
markers have been developed over the years, each with
its advantages and disadvantages. Hence, selecting the
molecular markers depends on the research objective,
application and practicality of the experimental design
(Amiteye, 2021). In some research, incorporating more
than one molecular marker in the experimental design
provides a better impact on the research. The utilization
of Random Amplified Polymorphic DNA (RAPD)
markers to distinguish between normal and somaclonal
variants of Berangan banana has been reported
previously by Razani et al. (2019, 2020).

RAPD markers amplify DNA fragments using 10-
mer random markers designed based on sequences that
are generally conserved in multiple species. The
amplified DNA fragments would be subjected to gel
electrophoresis and the genetic variation among
individuals will be differentiated based on the presence
or absence of bands. The advantages of RAPD markers
are that experimental design is quick and simple, the
sample genome sequences are not required for marker
design and a small quantity of DNA is required (Babu et
al., 2021). Thus, RAPD markers are a good choice for
the initial screening stage but it is not suitable for
application  purpose step as RAPD  markers
reproducibility is low due to the unspecific amplification
and low annealing temperature usage. The
reproducibility of the RAPD markers can be improved
by developing them into Sequence Characterized
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Amplified Region (SCAR) markers.

SCAR markers can be developed by extracting and
sequencing the unique bands that differentiate an
individual’s genetic makeup. Specific markers of 20 to
25 base pairs (bp) with higher annealing temperatures
designed for the sequenced unique bands lead to the
development of reliable and reproducible SCAR markers
(Kiran et al., 2010). Hence, this project aims to establish
a reliable and reproducible molecular marker-based
screening method for early detection and elimination of
Berangan somaclonal variants prior to field planting.

2. Materials and methods
2.1 Genomic DNA extraction

Leaf samples of normal and somaclonal Berangan
banana variants were collected from two different sites.
The somaclonal variations observed for the collected
samples are abnormal bunch orientation with small
fingers, smaller male buds without fingers and non-
flowering after 1 year in the field. The samples’ DNA
was extracted using an in-house
cetyltrimethylammonium bromide (CTAB) extraction
method modified from Seng and Zaman (2006) and
stored at -20°C, prior to usage. The quality and quantity
of extracted DNAs were determined using 1% agarose
gel electrophoresis and a spectrophotometer (BMG
Labtech, Germany). The quantified DNAs were diluted
to 15 ng/pL to be used as a working concentration.

2.2 In silico Random Amplified Polymorphic DNA
marker selection

There were 1200 RAPD markers listed by Eurofins
Genomics and the RAPD markers were selected based
on their priming characteristic towards the genomic
sequence data of Musa acuminata subsp. Malaccensis
(GenBank accession: GCA 000313855.2). The essential
characteristics are (1) the markers’ priming sites match
the genome sequence with zero mismatches, (2) the
presence of multiple priming sites of the markers in the
genome sequence and (3) the distance between the
priming sites should be between 200 to 2000 bp.

2.3 Random Amplified Polymorphic DNA marker
screening

The polymerase chain reaction (PCR) reaction
mixtures of 10 uL were prepared with 1x My Taq HS
Mix polymerase (Meridian Bioscience, USA), 2 uM
RAPD markers (Integrated DNA Technologies, USA)
and 15 ng DNA templates. PCR amplifications were
performed using a thermal cycler (Eppendorf, Germany)
under the following program: (1) initial DNA
denaturation at 95°C for 3 mins, (2) 40 cycles of
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denaturation at 95°C for 30 s, annealing at 36°C for 30 s
and extension at 72°C for 2 mins and (3) final extension
at 72°C for 5 mins.

The amplified PCR products were separated through
agarose gel electrophoresis using 1.5% agarose gels
stained with Red Safe (iNtRON Biotechnology, South
Korea) and 1x TAE buffer (Invitrogen, USA). The gels
were visualized under UVITEC (Cambridge, England)
immediately after the gel electrophoresis was completed.
Polymorphic bands that could distinguish the normal and
somaclonal variants were identified, excised from the
agarose gels, and purified using NucleoSpin® Gel and
PCR Clean-up (Macherey—Nagel, Germany) according
to the manufacturer’s instruction. The polymorphic
bands that could distinguish the normal and somaclonal
variants were referred to as unique bands.

2.4 Sequence Characterized Amplified Region marker
development

The purified PCR products were quantified and
subjected to agarose gel electrophoresis to ensure that the
unique bands were correctly obtained. The purified PCR
products were ligated into the PGEM-T Easy Vector
System (Promega, USA) and transformed into
chemically competent E. coli DHS5a cells (Yeastern
Biotech, Taiwan). The positive clones were confirmed
through colony PCR and agarose gel electrophoresis.
The colony PCR amplification was performed using a
thermal cycler (Eppendorf, Germany) with initial DNA
denaturation at 95°C for 3 mins, followed by 30 cycles
of denaturation at 95°C for 30 s, annealing at 58°C for
30 s and extension at 72°C for 1 min. The final extension
was performed for 5 mins at 72°C.

The positive clones were grown in Lennox broth
(LB) medium (Conda, Spain) with 100 pg/ul ampicillin
(MedChemExpress, USA) and extracted using
NucleoSpin ® Plasmid EasyPure (Macherey—Nagel,
Germany). The extracted plasmids were sent for
nucleotide sequencing to First Base Laboratories,
Malaysia. The complete nucleotide sequences of the
forward and reverse strands were aligned and assembled
using BioEdit software. The assembled sequences were
subjected to homology search in the nucleotide BLAST
algorithm of NCBI (https://blast.ncbi.nlm.nih.gov) and
suitable SCAR markers were designed for the assembled
sequence of the RAPD unique bands.

2.5 Sequence Characterized Amplified Region marker
validation

The DNA templates used in RAPD analysis were
used with the newly developed SCAR markers for PCR
amplification. The PCR reaction mixtures were prepared
with 1x My Taq HS Mix polymerase (Meridian
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Bioscience, USA), 2 uM RAPD markers (Integrated
DNA Technologies, USA) and 15 ng DNA templates in
total volume of 10 pL. PCR amplifications were
performed using an Eppendorf Mastercycler Pro S
(Hamburg, Germany) with initial denaturation at 95°C
for 3 mins, followed by 35 cycles of denaturation at 95°
C for 30 seconds, annealing at 62°C for 30 seconds and
extension at 72°C for 2 mins. The final extension was
performed at 72°C for 5 mins.

The amplified PCR products were separated through
agarose gel electrophoresis in 1x TAE buffer using 1.0%
agarose gels stained with Red Safe (iNtRON
Biotechnology, South Korea). The gels were visualized
under UVITEC (Cambridge, England) immediately after
the gel electrophoresis was completed. The gel image of
the SCAR marker and the RAPD marker were compared
to check the SCAR markers’ ability to specifically
reproduce the unique bands of the RAPD markers.

3. Results

3.1 Random Amplified Polymorphic DNA marker
screening

From a total of 1200 RAPD markers, 145 were
selected based on the in silico analysis. The selected
RAPD markers were subjected to PCR and agarose gel
electrophoresis to test their capability in detecting
Berangan somaclonal variants. Out of the 145 RAPD
markers, three markers did not produce any bands while
47 markers generated only monomorphic bands among
the tested samples. Meanwhile, 95 markers yielded
polymorphic bands with a percentage ranging from 5 to
92% of polymorphism (Table 1). Although 95 markers
were able to produce polymorphic bands, only three
markers (OPA-15, OPAG-14 and OPE-09) were able to
produce polymorphic bands that could selectively
distinguish the normal and the somaclonal variant
Berangan from similar sites (Figure 1(a)).

OPA-15 RAPD marker produced 15 bands with
amplicon sizes ranging from 400 to 3000 bp while
OPAG-14 RAPD markers produced 12 bands with
amplicon sizes ranging from 400 to 2000 bp. Both OPA-
15 and OPAG-14 RAPD markers have two polymorphic
bands contributing to 13.33% and 16.67% of the
markers’ polymorphism, respectively. However, only
one of the polymorphic bands of each marker are unique
band that able to differentiate the normal and somaclonal
variants. The unique band was present only in the normal
samples from site 1 for OPA-15 markers. Meanwhile, for
the OPAG-14 marker, the unique band was present in
some somaclonal variant samples from site 2. On the
other hand, for the OPE-09 RAPD marker, eight bands
with 500 to 3000 bp were observed. Of the eight bands,
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Table 1. Details of RAPD markers with various parameters reveal the discriminatory power of each marker.

No Markers Markers sequence No. of No.of No.of % of ‘ Amplic.on Ability to distinguish pormal
Bands MB PB  polymorphism band size vs somaclonal variant
1 OPA-15 TTCCGAACCC 15 13 2 13.33 400-3000 Yes
2 OPA-19 CAAACGTCGG 10 9 1 10.00 400-2800 No
3 OPAA-09 AGATGGGCAG 6 5 1 16.67 400-1800 No
4 OPAA-20 TTGCCTTCGG 11 8 3 27.27 400-1800 No
5 OPAB-06 GTGGCTTGGA 10 8 2 20.00 300-1500 No
6 OPAB-15 CCTCCTTCTC 5 5 0 0.00 500 -1500 No
7 OPAC-02 GTCGTCGTCT 11 11 0 0.00 400-2500 No
8 OPAD-20 TCTTCGGAGG 10 10 0 0.00 300-2500 No
9 OPAE-05 CCTGTCAGTG 4 0 0.00 600-2500 No
10 OPAE-11 AAGACCGGGA 6 0 0.00 700-1800 No
11 OPAF-02 CAGCCGAGAA 10 1 10.00 500-2000 No
12 OPAF-03 GAAGGAGGCA 18 17 1 5.56 300-3000 No
13 OPAF-09 CCCCTCAGAA 2 2 0 0.00 700-1000 No
14 OPAF-18 GTGTCCCTCT 15 15 0 0.00 400-2000 No
15 OPAG-06 GGTGGCCAAG 14 13 1 7.14 250-1800 No
16 OPAG-09 CCGAGGGGTT 17 17 0 0.00 300-3000 No
17 OPAG-14 CTCTCGGCGA 12 10 2 16.67 400-2000 Yes
18 OPAG-16 CCTGCGACAG 13 11 2 15.38 200-2000 No
19 OPAH-10 GGGATGACCA 14 13 1 7.14 200-1800 No
20 OPAI-08 AAGCCCCCCA 13 12 1 7.69 300-2000 No
21 OPAJ-08 GTGCTCCCTC 15 15 0 0.00 300-2000 No
22 OPAJ-18 GGCTAGGTGG 8 7 1 12.50 300-1500 No
23 OPAIJ-19 ACAGTGGCCT 11 11 0 0.00 300-1800 No
24 OPAK-02 CCATCGGAGG 10 10 0 0.00 200-2500 No
25 OPAK-05 GATGGCAGTC 0 0.00 250-1500 No
26 OPAK-09 AGGTCGGCGT 0 0.00 400-1000 No
27 OPAK-15 ACCTGCCGTT 4 57.14 500-1800 No
28 OPAK-19 TCGCAGCGAG 15 14 1 6.67 200-2500 No
29 OPAL-01 TGTGACGAGG 15 13 2 13.33 200-2500 No
30 OPAL-06 AAGCGTCCTC 6 3 33.33 500-3000 No
31 OPAM-01 TCACGTACGG 3 3 50.00 500-1800 No
32 OPAM-03 CTTCCCTGTG 7 1 12.50 400-3000 No
33 OPAN-05 GGGTGCAGTT 11 7 4 36.36 100-500 No
34 OPAO-01 AAGACGACGG 15 15 0 0.00 300-2000 No
35 OPAO-07 GATGCGACGG 12 11 1 8.33 300-2000 No
36 OPAO-13 CCCACAGGTG 11 11 0 0.00 200-2500 No
37 OPAO-15 GAAGGCTCCC 7 7 0 0.00 400-2500 No
38 OPAP-11 CTGGCTTCTG 3 3 0 0.00 500-1000 No
39 OPAP-15 GGGTTGGAAG 9 8 1 11.11 300-2500 No
40 OPAR-04 CCAGGAGAAG 7 6 1 14.29 500-3000 No
41 OPAR-07 TCCTTCGGTG 4 3 1 25.00 600-1500 No
42 OPAR-13 GGGTCGGCTT 12 9 3 25.00 300-2500 No
43 OPAR-17 CCACCACGAC 12 10 2 16.67 200-1800 No
44 OPAS-09 TGGAGTCCCC 10 7 3 30.00 300-2500 No
45 OPAT-02 CAGGTCTAGG 10 4 6 60.00 300-2500 No
46 OPAT-03 GACTGGGAGG 18 14 4 22.22 200-2000 No
47 OPAT-11 CCAGATCTCC 9 9 0 0.00 200-2000 No

MB: monomorphic band, PB: polymorphic band.
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Table 1 (Cont.). Details of RAPD markers with various parameters reveal the discriminatory power of each marker.

No Markers Markers sequence No. of No.of No.of % of ‘ Amplic.on Ability to distinguish pormal
Bands MB PB  polymorphism band size vs somaclonal variant
48 OPAT-13 CTGGTGGAAG 12 10 2 16.67 300-3000 No
49 OPAU-08 CACCGATCCA 14 13 1 7.14 200-2000 No
50 OPAU-09 ACGGCCAATC 16 12 4 25.00 250-1500 No
51 OPAU-17 TTGGCATCCC 11 10 1 9.09 300-2000 No
52 OPAU-18 CACCACTAGG 12 12 0 0.00 500-3000 No
53 OPAV-04 TCTGCCATCC 14 14 0 0.00 350-2000 No
54 OPAV-08 TGAGAAGCGG 10 3 30.00 200-1200 No
55 OPAW-02 TCGCAGGTTC 9 6 3 33.33 300-2000 No
56 OPAW-12 GAGCAAGGCA 11 11 0 0.00 200-1500 No
57 OPAW-17 TGCTGCTGCC 7 6 1 14.29 400-2500 No
58 OPAX-05 AGTGCACACC 12 11 91.67 400-2000 No
59 OPAY-17 GGTGATTCGG 0 0 0 0.00 - No
60 OPAY-19 AACTTGGCCC 17 16 1 5.88 300-2500 No
61 OPAZ-07 CACGAGTCTC 12 5 41.67 200-2000 No
62 OPB-18 CCACAGCAGT 10 2 20.00 200-2000 No
63 OPBA-14 TCGGGAGTGG 16 16 0 0.00 200-1800 No
64 OPBA-20 GAGCGCTACC 11 9 2 18.18 100-1500 No
65 OPBB-06 CTGAAGCTGG 13 10 3 23.08 300-2000 No
66 OPBB-10 ACTTGCCTGG 6 6 0 0.00 600-3000 No
67 OPBB-16 TCGGCACCGT 11 10 1 9.09 300-1000 No
68 OPBC-02 ACAGTAGCGG 10 10 0 0.00 300-1200 No
69 OPBC-12 CCTCCACCAG 19 18 1 5.26 300-3000 No
70 OPBC-18 GTGAAGGAGG 11 10 1 9.09 300-1500 No
71 OPBG-06 GTGGATCGTC 10 10 0 0.00 250-1200 No
72 OPBG-10 GGGATAAGGG 0 0.00 300-1500 No
73 OPBG-14 GACCAGCCCA 0 0.00 300-1000 No
74 OPBG-20 TGGTACCTGG 2 28.57 650-2500 No
75 OPBH-03 GGAGCAGCAA 1 11.11 250-1800 No
76 OPBH-08 ACGGAGGCAG 10 10 0 0.00 300-1500 No
77 OPC-03 GGGGGTCTTT 11 10 1 9.09 500-2500 No
78 OPD-01 ACCGCGAAGG 6 6 0 0.00 400-1300 No
79 OPD-09 CTCTGGAGAC 14 12 2 14.29 300-1500 No
80 OPD-14 CTTCCCCAAG 5 4 1 20.00 400-1200 No
81 OPE-09 CTTCACCCGA 8 7 1 12.50 500-3000 Yes
82 OPE-17 CTACTGCCGT 10 10 0 0.00 300-2500 No
83  OPF-06 GGGAATTCGG 10 9 1 10.00 400-2000 No
84 OPF-13 GGCTGCAGAA 16 16 0 0.00 300-2000 No
85 OPF-14 TGCTGCAGGT 15 15 0 0.00 250-2000 No
86 OPF-18 TTCCCGGGTT 12 11 1 8.33 200-1000 No
87 OPF-20 GGTCTAGAGG 13 11 2 15.38 200-1500 No
88 OPG-03 GAGCCCTCCA 13 13 0 0.00 200-1500 No
89 OPG-07 GAACCTGCGG 12 10 2 16.67 200-2000 No
90 OPG-16 AGCGTCCTCC 12 12 0 0.00 200-1000 No
91 OPG-18 GGCTCATGTG 9 1 11.11 300-1500 No
92 OPG-19 GTCAGGGCAA 6 0 0.00 300-1200 No
93  OPG-20 TCTCCCTCAG 5 1 20.00 300-2500 No
94 OPH-01 GGTCGGAGAA 11 10 1 9.09 300-1200 No

MB: monomorphic band, PB: polymorphic band.
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Table 1 (Cont.). Details of RAPD markers with various parameters reveal the discriminatory power of each marker.

No Markers Markers sequence No. of No.of No.of % of ‘ Amplic.on Ability to distinguish pormal
Bands MB PB  polymorphism band size vs somaclonal variant
95 OPH-04 GGAAGTCGCC 11 10 1 9.09 200-1200 No
96 OPH-09 TGTAGCTGGG 10 9 1 10.00 300-3000 No
97 OPH-17 CACTCTCCTC 16 12 4 25.00 200-2500 No
98  OPI-02 GGAGGAGAGG 20 18 2 10.00 200-2500 No
99 OPI-04 CCGCCTAGTC 9 9 0 0.00 600-2000 No
100 OPI-16 TCTCCGCCCT 11 5 45.45 200-1500 No
101 OPI-17 GGTGGTGATG 15 15 0 0.00 300-2000 No
102 OPL-03 CCAGCAGCTT 11 10 1 9.09 300-1500 No
103 OPL-06 GAGGGAAGAG 10 2 20.00 500-2000 No
104 OPL-08 AGCAGGTGGA 11 2 18.18 200-1500 No
105 OPL-12 GGGCGGTACT 15 15 0 0.00 300-3000 No
106 OPL-15 AAGAGAGGGG 20 18 2 10.00 200-2000 No
107 OPL-16 AGGTTGCAGG 6 6 0 0.00 200-1000 No
108 OPL-17 AGCCTGAGCC 10 8 2 20.00 300-2000 No
109 OPL-18 ACCACCCACC 10 5 5 50.00 200-1500 No
110 OPM-01 GTTGGTGGCT 13 9 4 30.77 300-1500 No
111 OPM-11 GTCCACTGTG 0 0 0 0.00 - No
112 OPM-13 GGTGGTCAAG 11 11 0 0.00 300-3000 No
113 OPM-14 AGGGTCGTTC 12 4 33.33 200-2000 No
114 OPM-18 CACCATCCGT 8 3 37.50 200-1000 No
115 OPN-01 CTCACGTTGG 10 3 30.00 400-2000 No
116 OPN-02 ACCAGGGGCA 12 10 2 16.67 200-1800 No
117 OPO-06 CCACGGGAAG 14 14 0 0.00 200-2000 No
118 OPO-11 GACAGGAGGT 15 12 3 20.00 300-3000 No
119 OPQ-19 CCCCCTATCA 13 10 3 23.08 300-2500 No
120 OPQ-20 TCGCCCAGTC 11 7 4 36.36 300-2000 No
121 OPR-05 GACCTAGTGG 4 0 0.00 400-1000 No
122 OPR-19 CCTCCTCATC 16 14 2 12.50 150-2000 No
123 OPR-20 ACGGCAAGGA 12 11 1 8.33 300-2000 No
124 OPS-05 TTTGGGGCCT 12 9 3 25.00 450-2500 No
125 OPS-20 TCTGGACGGA 10 10 0 0.00 400-2000 No
126 OPT-03 TCCACTCCTG 3 3 0 0.00 300-1800 No
127 OPT-06 CAAGGGCAGA 11 9 2 18.18 200-200 No
128 OPU-04 ACCTTCGGAC 5 3 2 40.00 200-2000 No
129 OPU-05 TTGGCGGCCT 10 9 1 10.00 400-1200 No
130 OPU-09 CCACATCGGT 5 3 37.50 200-2000 No
131 OPV-10 GGACCTGCTG 9 9 0 0.00 300-1200 No
132 OPV-20 CAGCATGGTC 14 13 1 7.14 300-2500 No
133 OPW-12 TGGGCAGAAG 14 14 0 0.00 400-1800 No
134 OPW-15 ACACCGGAAC 13 12 1 7.69 300-3000 No
135 OPW-20 TGTGGCAGCA 13 12 1 7.69 300-2000 No
136 OPX-02 TTCCGCCACC 15 12 3 20.00 400-3000 No
137 OPX-18 GACTAGGTGG 7 5 2 28.57 500-1300 No
138 OPY-01 GTGGCATCTC 17 15 2 11.76 250-2500 No
139 OPY-02 CATCGCCGCA 13 11 2 15.38 300-3000 No
140 OPY-10 CAAACGTGGG 11 9 2 18.18 200-3000 No
141 OPY-20 AGCCGTGGAA 7 6 1 14.29 300-1800 No

MB: monomorphic band, PB: polymorphic band.
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Table 1 (Cont.). Details of RAPD markers with various parameters reveal the discriminatory power of each marker.

No Markers Markers sequence No. of No.of No.of % of ‘ Amplic.on Ability to distinguish pormal
Bands MB PB  polymorphism band size vs somaclonal variant
142 OPZ-04 AGGCTGTGCT 23 18 5 21.74 200-2500 No
143 OPZ-13 GACTAAGCCC 0 0 0 0.00 - No
144 OPZ-14 TCGGAGGTTC 13 13 0 0.00 300-2000 No
145 OPZ-16 TCCCCATCAC 20 15 5 25.00 300-3000 No
MB: monomorphic band, PB: polymorphic band. Table 3. OPE-09 unique band sequence show homology with
one of them is a unique polymorphic band that was the Musa acuminata subsp. Malaccensis strain Doubled-

observed in some somaclonal variant samples from site
1. The three unique bands from each RAPD marker were
extracted and their respective SCAR markers were
developed.

3.2 Sequence Characterized Amplified Region marker
development

The extracted three unique bands were successfully
cloned and sequenced. The sequence and other details of
the unique bands are tabulated in Table 2. The size of the
unique bands are 1840 bp, 874 bp and 1426 bp for OPA-
15, OPAG-14 and OPE-09, respectively. BLAST search
for the unique band sequences in the NCBI platform
suggests no significant similarity for OPA-15 and OPAG
-14. Conversely, five fragments of OPE-09 unique band
sequence shared 98 to 99% identity to the Musa
acuminata subsp. Malaccensis strain Doubled-haploid
Pahang  (DH-Pahang)  mitochondrion  sequence
(Sequence ID: HG996478.1) with an E value ranging
from 0.0 to 2e-17 (Table 3). The SCAR markers were
designed and synthesized for the unique band sequence
since there were no similarities found for OPA-15 and
OPAG-14 while OPE-09 sequence homology is by
fragments.

haploid Pahang (DH-Pahang) mitochondrion sequence
(Sequence ID: HG996478.1).
No Nucleotide Base pair Identity (%)*  E value

1 3-575 573 99 0.0

2 593-843 251 99 le-123

3 698-873 176 99 3e-80

4 1272-1381 110 98 le-43

5 1166-1225 60 98 2e-17

*The sequence similarity was identified based on a BLASTn
(megaBLAST) search against the nr/nt database (NCBI).

3.3 Sequence Characterized Amplified Region marker
validation

The designed SCAR markers were then used to
amplify the DNA samples used for RAPD screening to
test their specificity towards the unique bands. The
SCAR markers were able to successfully reproduce the
specific unique bands from their respective RAPD
results (Figure 1). Hence, the developed SCAR marker
for OPA-15 was able to distinguish normal samples from
site 1. Meanwhile, the OPE-09 and OPAG-14 SCAR
markers were able to distinguish some somaclonal
variants from site 1 and site 2, respectively. Thus, the
developed SCAR markers can be utilized for the early
detection and elimination of Berangan somaclonal

(a) RAPD marker profiling

(b) SCAR marker profiling

Markers : = Observation
Normal Somaclonal variant Normal Somaclonal variant
OPA-15 Distinguish
M Site 1 site 2 site 1 site 2 M site1 site 2 site 1 Site 2 both normal
A A A — L L
3000 = ! - X \ X ; A ' samples from
2000 = ) bt = site 1
1500 = G o = == | - - - —
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M s:te 1 Slte 2 S|te 1 sne 2 M Site1 Sfte 2 Sitle 1 Sit? 2 some
2000 ) r T \r somaclonal
1500 B
56 variant
1000 - B samples from
bai site 2
OPE-09 Distinguish
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variants from selected sources.

4. Discussion

A total of 1200 RAPD markers were narrowed down
to 145 RAPD markers through in silico analysis by
predicting the priming ability of the RAPD markers
towards the Musa acuminata subsp. Malaccensis
(GenBank accession: GCA 000313855.2 genome.
Premkrishnan and Arunachalam (2012) performed
similar work on the Arabidopsis thaliana genome while
Li et al. (2006) performed on the oil palm genome.
Although the in silico analysis can predict the possible
binding site of the RAPD markers to the genome of
interest, the in vitro result might deviate from the
prediction. This could be due to incomplete genome
assembly and possible mismatch of the markers to the
annealing site due to lower annealing temperature. The
occurrence of markers binding to the sequences despite
the mismatch due to lower annealing temperature, causes
amplification of more DNA fragments compared to the
prediction of in silico analysis. Hence, the number of
amplicons observed during agarose gel electrophoresis is
often more than the in silico prediction (Premkrishnan
and Arunachalam, 2012). Similarly, in this project, the
number of bands observed for most of the screened
RAPD markers is higher than the number of bands
predicted through in silico analysis. Thus, each of the
bands observed in agarose gel was summarized as valid
bands based on its polymorphism in Table 1 despite its
deviation from in silico prediction. Nevertheless, the in
silico prediction is used as a guideline to filter for the
potentially meaningful RAPD markers in amplifying the
banana genome.

However, three RAPD markers, OPAY-17, OPM-11
and OPZ-13 do not produce any amplicon despite the in
silico prediction of one amplicon for each RAPD marker.
This could be because the in silico RAPD selection was
performed the Musa
acuminata subsp. Malaccensis (GenBank accession:
GCA _000313855.2) or known as double haploid Pahang
(DH Pahang) instead of the Berangan genome itself. The
priming site for the three markers are present in the
reference genome but most likely the nucleotide
sequences are different in the Berangan genome at the
suggested priming site and the mismatch was not
tolerated, thus, the amplification of the expected single
band was absent. There were 95 polymorphic RAPD
markers that revealed genotypic differences between the
samples. However, only three RAPD markers reveal the
genotypic  differences between the normal and
somaclonal variants. The unique bands from each RAPD
marker were cloned and sequenced for homology search
but no significant similarity were found for OPA-15 and

using
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OPAG-14 markers, while fragments of OPE-09 match
with Musa acuminata subsp. Malaccensis strain Doubled
-haploid Pahang (DH-Pahang) mitochondrion sequence.
This suggests that there are possible gaps between the
assembled banana genome.

The RAPD markers are developed into SCAR
markers as it is more locus specific, thus, enhancing the
markers' reproducibility and reliability. The developed
SCAR markers distinguish the somaclonal variants
selectively for samples from similar sources but not
specific towards a particular type of somaclonal variation
of the same source. The samples of the different
locations were generated from different mother plants at
different times, which could have contributed to the
functionality of the markers towards particular locations.
Since, the source of the somaclonal variation could be
pre-deposited in the mother plant or induced during the
tissue culture process (James et al., 2007). Although
standard procedures are adhered to during the tissue
culture propagation, samples cultured and grown at
different times are prone to have variables and it could
have contributed to different genetic modifications
despite similar phenotypic observation of somaclonal
variants. Similarly, in an experiment conducted using
Amplified Fragment Length Polymorphism (AFLP),
clonal materials that were generated at the same time
showed DNA polymorphism but it was not reflected
phenotypically and it was considered a latent variation
(James et al., 2007). Therefore, the phenotypically
observed somaclonal variation could be derived from the
mother plant or induced during propagation but the
genetic variations are not necessarily expressed as
phenotypes.

The somaclonal variation contributed by the mother
plant or tissue culture propagation can either be a genetic
or epigenetic modification (James et al., 2007). Genetic
modification can occur at the chromosomal level or
nucleotide  sequence level. The chromosomal
modification often affects the chromosome number or
structure of the chromosome due to deletion, duplication,
insertion and translocation. Meanwhile, the nucleotide
modification is contributed by deletion, insertion,
duplication or substitution of the nucleotides (Duta-
Cornescu et al., 2023). Contrarily, the epigenetic
modification does not alter the genome and its sequence
instead it refers to the heritable chromatin modulation
due to the DNA methylation and histone modification.
The chromatin modulation alters the DNA accessibility
for transcription and regulates gene expression (Azizi et
al., 2020). As the somaclonal variation could be
contributed by both genetic or epigenetic modification,
hence it is best to study both modifications using similar
markers as conducted by Linacero et al (2011). By
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doing so, it is possible to detect whether the observed
phenotype of the somaclonal variants is contributed by
genetic modification, epigenetic modification or both.
This is because, at the same locus, genetic modification
occurs in some plants while epigenetic modification
occurs in other plants derived from similar mother plants
(Linacero et al., 2011). Hence, there are possibilities of
epigenetic modification for other samples at the locus in
which the OPE-09 and OPAG-14 detect genetic
modification.

To date, the somaclonal variation in bananas has
been detected or screened through morphological
markers and molecular markers (Deepthi, 2018).
Morphological markers are the visual screening of
qualitative and quantitative traits that have been recorded
at different growth stages such as acclimatization,
nursery and open field (Abdellatif et al., 2012; Smith et
al., 2000). Besides, microscopic morphological markers
also were utilized by Moradi et al. (2017) through the
histological study of the shoots for the plantlets to study
the somaclonal wvariation in bananas. Meanwhile,
molecular markers are classified as biochemical markers
and DNA markers. In biochemical markers study, the
chemical processes and substances are investigated
which focuses on the proteins and secondary metabolites
profile. In a study conducted by Smith et al. (2000), the
boron and calcium profile were studied as the
somaclonal variation observed is similar to symptoms
caused by boron and calcium deficiency. However, the
boron and calcium levels between the somaclonal variant
and normal are not significantly different. Contrastingly,
in a gas chromatography-mass spectrometry (GC-MS)
metabolites study between normal-healthy, cucumber
mosaic virus (CMV)-infected and dwarf somaclonal
variants of ‘Williams’ cultivar, 82 metabolites show
significant differences among their sample groups
(Cevallos-Cevallos et al., 2018).

Various DNA-based molecular markers such as
RAPD markers (Abdellatif et al., 2012), representational
difference analysis (RDA) (Oh et al., 2007), sequence-
related amplified polymorphism (SRAP) (Ky et al,
2021), and cytogenetics approach (Moradi et al., 2017)
has been developed and studied in banana over the years.
The RAPD markers were utilized to study the genetic
differences between normal and 23 types of plant stature
and foliage somaclonal variants observed in the ‘Grand
Naine’ cultivar. The RAPD primers show a high
percentage of polymorphism and the data were used for
cluster analysis and principal coordinate analysis
(PCOORDA). The result from the analysis suggests the
genetic difference between the normal and somaclonal
variants which could be used as a guideline to eliminate
undesired somaclonal variants (Abdellatif et al., 2012).

https://doi.org/10.26656/fr.2017.8(S7).11

In contrast to RAPD analysis, the RDA technique
effectively isolates unique sequences of complex and
highly related genomes through restriction enzyme
digestion, ligation to adaptors, PCR amplification,
repetitive differential hybridization and amplification
(Michiels et al., 1998). The application of the RDA
technique to study the dwarf somaclonal variant of
various banana cultivars can identify a labile portion of
the genome affecting the height of the plant (Oh et al.,
2007). The dwarf somaclonal variation was also studied
by (Prathibha et al., 2021) in the ‘Grand Naine’ cultivar
using SRAP markers which target coding sequence and
resulted in the identification of eight SRAP markers
combination exhibiting the DNA polymorphism between
dwarf and normal ‘Grand Naine’ cultivar. Meanwhile, in
the cytogenetics approach, the chromosomal difference
between the mother plant and ramets was studied and the
variability observed in the chromosome number and
morphology probably caused the somaclonal variation
(Moradi et al., 2017). However, none of the studies
conducted explored bunch or fruit-related somaclonal
variations that affect the yield, therefore, our current
work is crucial in addressing this gap.

4. Conclusion

In conclusion, the RAPD markers profiling
selectively distinguishes the Berangan somaclonal
variants depending on the source of the samples. The
successfully developed SCAR markers are feasible for
future screening as only the specific unique bands are
amplified. Although the developed OPAG-14 and OPE-
09 markers were unable to identify all types of
somaclonal variants, it provided a preliminary screening
result to detect any possible occurrence of somaclonal
variants. Meanwhile, the OPA-15 marker was able to
identify possible normal plantlets. Hence, the developed
SCAR markers can be incorporated together with the
morphology inspection utilized for the early detection
and elimination of Berangan somaclonal variants from
selected sources while retaining possible normal plantlets
for field planting to prevent resource wastage.
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