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ABSTRACT

Balsa (Ochroma pyramidale) is fast-growing forest plant species
introduced to Indonesia with limited genetic information. Genetic
information can be obtained through molecular assessment which is now
feasible due to sequencing technology development. This is supported by
the third-generation sequencer technology, which has been developed
using long-read sequencing technology. MinlON Oxford Nanopore
Technology is one of the long-read sequence-based sequencers with a
real-time process and portable. This study aims to generate genomic data
and analyze the phylogenetic relationship of balsa (O. pyramidale) based
on long-read sequences with MinlON Oxford Nanopore Technologies.
Balsa long-read sequencing generated a partial chloroplast genome
(cpDNA) sequence of 155,430 bp, which can be used for further DNA
barcode-based phylogenetic analysis from the chloroplast genome.
Phylogenetic analysis showed that the balsa species (O. pyramidale)
was genetically grouped in one clade with other O. pyramidale species
in phylogeny analysis based on rbcL, matK, and a combination of
rbcL and matK genes indicated that those genes were a suitable
marker for phylogenetic analysis in balsa species (O. pyramidale).

INTRODUCTION

Forests are an important source of diversity

lagopus, and Ochroma tomentosa. Balsa is native
to the Americas and has a natural distribution in
Latin America covering the West Indies, southern

of native tree species that produce goods and
services. Many forestry plant species in Indonesia
are well-known to foreign countries due to their high
economic and ecological value and are the object
of intensive research. In addition to native species,
there are also species originating from outside
Indonesia, known as introduced or exotic species,
where research on this species is equally important,
especially related to aspects of adaptation, growth,
and wood quality. One of the prospective tree species
is balsa (Ochroma pyramidale (Cav. ex Lam.) Urb
from Malvaceae family. Balsa has several synonyms
names including Ochroma bicolor, Ochroma

ISSN: 0126-0537

Mexico, Central America, Venezuela, Colombia,
Brazil, Ecuador, Peru, and Bolivia (Howcroft, 2002),
however this species is widely planted on the Java
Island in Indonesia (Pertiwi et al., 2017; Rachmat et
al., 2019), especially in private-owned forest or forest
plantation industry (Lisytianto et al.,2021). Balsa is
known as the lightest tree species that grows fast
so it is included in the fast-growing species (FGS).
Balsa can grow to 20 m in 5-6 years with a diameter
of 40 cm (Wijoyo et al., 2018).

Commercial balsa wood has a density ranging
from 100 kg/m? to 170 kg/m3, however, it can vary
from 50 kg/m?® to 410 kg/m? (Wijoyo et al., 2018) with
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an average modulus of elasticity (MOE) of 1,222 -
2,037 MPa and a modulus of rupture (MOR) 9.83—
16.63 MPa (Kotlarewski et al., 2016). With such a
density, balsa wood is widely used for surfboards,
canoes, buoys, aeromodelling, and even bridges
(Nuryamah, 2017). In addition, balsa wood can also
be used as an insulator of heat, sound, and vibration,
boat buoys, swimming buoys, sports equipment,
aircraft buoys (hydroplane), lightweight short fiber
pulp (Zanzibar, 2017), interior product (Wijoyo et
al., 2018), and as one of the potential plants for
reforestation (Istigomah et al., 2017). Balsa species
have not been studied much in Indonesia regarding
their genetic aspects in the midst of technological
advances 4.0 to support tree breeding programs.

The availability of genetic information can
provide many benefits, especially to support genetic
conservation and tree breeding program (lde,
2021). In plants, this information is obtained from
the chloroplast genome which contains genes that
can be used as a study material for evolution at a
high taxonomic level (Taberlet et al., 1991). Several
genes located on cpDNA are known as universal
markers and has been widely used to study genetic
kinship relationships at high taxonomic levels
including the large subunit of the rbcL (ribulose-
bisphosphate carboxylase) (Mursyidin et al., 2021)
and matK (Maturase K), which is a coding region
with a high level of amino acid gene substitution
and nucleotide level compared to rbcL (Mursyidin &
Makruf, 2020). This genetic resource information is
obtained by DNA sequencing, which is a technique
used to sequence nucleotides in a DNA molecule
(Roslim et al., 2015). DNA sequencing technology
has been known since four decades ago and has
entered the third generation sequencing technology,
that is sequencers capable of producing long-
read sequencing (long read DNA) (Dumschott et
al., 2020). Long-read sequencing technology has
the advantage to produce long and good-quality
nucleotide sequence reads with a cheaper and
faster analysis process (Bhalerao et al., 2003; Lu et
al., 2016). In addition, it can solve the gap problem
that occurs in short-read sequencing (Amarasinghe
et al.,, 2020; Lee et al., 2019).

Therefore, long-read sequencing technology
is an alternative solution for several researchers
in plant DNA study, especially in trees, most of
which are still limited regarding the availability of
genetic information, especially endangered and
high economic value of wood species (Vallée et al.,

2016). One of the long-read sequence technologies
is MinlON Oxford Nanopore Technologies (https://
nanoporetech.com) (Mikheyev & Tin, 2014). This
technology has successfully generated genetic
information in several tree species such as
Diospyros celebica (Siregar et al., 2021), Diospyros
rumphii (Salindeho et al., 2023), and Dryobalanops
aromatica (Wahyuni et al., 2021). In general, this
technology can be applied to balsa trees (Ochroma
pyramidale). Furthermore, the specific objectives of
this study were to generate genomic data and analyze
the phylogenetic relationship of balsa (Ochroma
pyramidale) based on long-read sequences with
Oxford Nanopore Technologies (ONT). This study
was expected to provide genomic information on
balsa (O. pyramidale) in the form of chloroplast
genome and species relationships obtained from
a long-read-based sequencing, which is beneficial
for further genetic variation and functional genes
studies.

MATERIALS AND METHODS

Study Site and Sample Collection

This study was conducted from October to
December 2020. The samples used in this study
were leaves and wood tissues of balsa seedlings
grown in the Greenhouse of the Department of
Silviculture, Faculty of Forestry and Environment,
IPB University, Bogor, West Java. Fresh leaf samples
were collected from two individuals of one-month-old
seedlings, which a height of about 30 cm and 25 cm,
respectively, while the fresh wood tissue or cambium
was obtained from one individual of two-month-old
seedling which had a height of 93 cm. In total, three
samples were used for further DNA extraction and
sequencing.

Herbarium specimen of balsa was identified
at the Herbarium Center of the Research and
Development Center of the Ministry of Environment
and Forestry, Gunung Batu, Bogor with the scientific
name Ochroma pyramidale (Cav. ex Lam.) Urb. In
addition, the laboratory works were carried out at
the Laboratory of Forest Genetics and Molecular
Forestry, Department of Silviculture, Faculty of
Forestry and Environment, IPB University and also in
the Advanced Research Laboratory, IPB University.

Samples Preparation and DNA Extraction

The wood samples were 100-150 mg, while
the leaf samples were 50-100 mg. Genomic DNA
of leaves and wood samples were extracted using
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the modified CTAB (Cetyl Trimethyl Ammonium
Bromide) method (Doyle & Doyle, 1990). Extraction
with CTAB buffer was used in DNA extraction in
plant genomes that contained many polyphenol and
polysaccharide compounds (Sundari, 2018).

DNA Quality and Quantity Test and Sequencing

The quality of extracted genomic DNA was
evaluated by 1% (w/v) agarose gel electrophoresis.
If the obtained DNA band has fragmentation and only
has a little High Molecular Weight DNA, then further
DNA purification was carried out using AMPure XP
Beads. DNA purity was measured using an Implen
NP80 NanoPhotometer. The limit of DNA was stated
as pure in molecular analysis when the ratio of A260
/ A280 values ranged from 1.7-2.0 (Piskata et al.,
2019).

The quantity of extracted DNA was measured
using a Qubit 1.0 Fluorometer (Invitrogen). The DNA
sequencing process followed the Native Barcoding
Genomic DNA protocol from Oxford Nanopore
Technologies (version: BE_9065_v109_revZ_14Aug
2019). The sequencing protocol was run using
MinlON MK1B and flowcell type R9.4.1.

Data Analysis

Data Basecalling

DNA sequencing output from MinlON was
in the form of Fast5, then Fast5 data from MinION
sequencing was processed using Guppy Basecaller
(v4.2.3+8aca2af8) for basecalling Fast5 data into
Fastq data.

Quality Control (QC) and Filtering

Statistical analysis of the raw reads was
performed using the NanoStat program (v1.5.1) to
see the distribution of quality scores across reads.
The program NanoPlot (v1.31.0) was used to plot
read length x quality score. Then, reads were filtered
to remove reads of poor quality, i.e., reads with
quality score (Q) values below 7 and lengths less
than 500 bp (Siregar et al., 2021) using the NanoFilt
(v2.7.1) program (De Coster et al., 2018).

Reads Assembly

Reference assembly was performed with the
Rebaler program (V0.2.0). The reference species
used was Bombax ceiba with NCBI accession
number NC_037494.1.

Assembly Polishing and Gene Annotation
Assembly contigs were polished using
the medaka v1.2.1 (Oosterbroek et al., 2021) to

obtain contigs with better accuracy and annotation
process of cpDNA assembly through Cloud Server
Chlorobox from Max Planck Institute Germany,
GeSeq (Tillich et al., 2017). Assembly evaluation
was performed with Quast v5.0.2 (Mikheenko et al.
2018).

Phylogenetic Tree Construction

The types of genes or markers used in
constructing phylogenetic trees are rbclL, matK,
(Hollingsworth, 2011) and a combination of both
using the SnapGene program (V5.2.3). Nucleotide
base sequences were analyzed using the BLASTx
(Hall, 2013; Yang et al., 2014) based on Malvaceae
family in NCBI database (Schoch et al., 2020).
The top 50 results were then constructed into
a phylogenetic tree using the MegaX program
(v10.2.2). DNA sequences were aligned with
ClustalW algorithm and tree constructed with
Neighbor-Joining algorithm using a bootstrap of
1000 replications (Wulansari et al., 2015). The
obtained phylogenetic tree was then modified using
iTOL (Letunic & Bork, 2021) and Inkscape (v1.0.2).

RESULTS AND DISCUSSION

The results of the data quality control
(QC), was presented in a histogram comparison
between the average read lengths and read
quality of the DNA sequencing process (Fig. 1).
The longest reads obtained from the sequencing
process of balsa (O. pyramidale) were 50,000
bp and the average read lengths were mostly in
the range below 10,000 bp. MinlON sequencing
results were qualified using a standardized quality
score, the phred score (Q) with the algorithm Q
= -10 x log10(P), where P was the probability of
sequencing error (Delahaye & Nicolas, 2021). The
highest quality of MinlON sequencing reads based
on the quality score was Q27, and most reads fall
between Q5 and Q17 (Fig. 1). The complete Q
value results of the filtering process are presented
in Table 1.

The statistical data of basecalled and
filtered reads reads (FastQ) were obtained for
several parameters (Table 2). FastQ data was
also filtered with the minimum length parameter of
500 bp and the minimum quality length of Q7. A
total of 491,403,340 bp (491.403 Mb) raw reads
were obtained and it decreased to 466,788,199 bp
(466.788 Mb) after filtering.
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Fig. 1. Histogram of read length comparison and read quality of balsa DNA sequencing results (O.
pyramidale)

Table 1. Phred score (Q) value of QC data after filtration

Phred score Number of reads (bp) Total bases (Mb) Percentage (%)
>Q5 111,748 466.8 100.0
>Q7 111,731 466.7 100.0
>Q10 84,554 347.0 75.7
>Q12 41,384 162.4 37.0
>Q15 6,712 23.0 6.0

Table 2. Comparison of reads raw data and filtered data sequencing results of balsa (O. pyramidale)

No Parameter Raw data Filtered data
1 Mean read length (bp) 3,904 4177

2 Mean read quality (Q) 1.3 1.5

3 Number of reads (bp) 125,844 111,748

4 Read length N50 (bp) 5,428 5,391

5 Total bases (bp) 491,403,340 466,788,199
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The analysis results in Table 2 also showed
that the mean read length and mean read quality
increased after filtering. This is because after filtering
only reads with a minimum length of 500 bp were
allowed to pass, so the average read length increased,
including the read quality. The quality of reads filtered
to a minimum of Q7 also caused the average read
quality to increase. This was inversely proportional to
the number of reads, N50 read length, and total bases
with decreased results after filtering. The minimum
parameter specified in the filtering caused the
parameters of read count, read length N50 and total
bases to decrease due to not all data passing through.
Read length N50 represented the smallest contig
length necessary to encompass 50% of the genome
(Batista et al., 2020). These indicated that 5,391 reads
were the minimum reads that could cover the total
length of the genome obtained. The total number of
reads after filtering was 88.8% of raw reads.

The assembly process in this study referred to
reference assembly, an assembly method by using
a reference sequence of closely related species that
was already known for its structure so that it was
used as a template for assembly. The reference
used in the study was the genome of Bombax ceiba
(NC_037494,1) which belongs to the Malvaceae
family. This species was used as a reference since
balsa (O. pyramidale) and Bombax ceiba still belong
to the same family (Carvalho-Sobrinho et al., 2016),
so no major differences were expected. Bombax ceiba
hold significant importance within the ecosystem of
tropical dry deciduous forest ecosystem, known as
a multipurpose tree used as food, animal feed, fuel,
and medicine (Ju et al., 2015). The complete genome
chloroplast of Bombax ceiba has been studied (Gao
et al.,, 2018a). In their research Gao et al. (2018b)
obtained sequencing results with NGS technology
on Bombax ceiba around 36.1 Gb raw data and 20.0
Gb after filtering, while the sequencing process in
balsa with MinlON Oxford Nanopore obtained around
491.403 Mb raw data and 466.788 Mb after filtering.

The next stage of data analysis was gene
annotation. The annotation process was performed to
obtain the genes identified in the chloroplast genome
of balsa (O. pyramidale) (Fig. 2). Chloroplast DNA
(cpDNA) was characterized by uniparental inheritance
(Palmer et al., 1988). Chloroplast DNA form a circular
structure with a size from 85-2,000 Kb. cpDNA played
a role in controlling the production of ribosomal RNA
(rRNA), transfer RNA (tRNA), and some proteins
contained in the chloroplast organelle (Cummings et
al., 2003).

Based on the annotation results, the size of
the balsa chloroplast genome (O. pyramidale) was
155,430 bp. The research conducted was basically
a whole genome sequencing. However, to obtain the
whole genome of a plant species needed a repeated
sequencing process and also determined by the
sequencing depth. Sequencing depth or sequencing
coverage was the coverage of the number of
sequence repeats in each particular DNA segment in
the genome of the sequenced organism (Tasma et al.,
2016). The annotation process was performed using
Bombax ceiba as the reference. Complete chloroplast
genome research on Bombax ceiba has been done
by Gao et al. (2018a) with the results of a chloroplast
genome measuring of 158,997 bp, with 116 genes
including 81 protein-encoding genes, 27 tRNA genes,
and 8 RNA genes.

The result of annotation using GeSeq tools
yielded 317 genes (features). These genes such
as rbcL and matK could be used as DNA barcode
markers. The rbcL gene had a length of about 1,400
bp and had a role in encoding the RubisCO protein
(Nurhasanah et al., 2019). The rbcL gene sequence
had a low mutation rate so it has a high degree of
similarity amount species (Dobrogojski et al., 2020).
This study showed that the rbcL gene was located
at locations 59,625-61,058 with a length of about
1,434 bp. In addition to the rbcL gene, there were
also many other types of genes obtained such as
matK. The matK gene was mostly used in taxonomic
and phylogenetic studies both intraspecies and
interspecies in angiosperms. The matK gene was
highly conserved gene in plants and had a function
in the maturation process which involved in group to
intron spicing. Its approximately 1,500 bp in sequence
length and was located between the chloroplast intron
and the trnK gene (Selvaraj et al., 2008). The matK
gene sequence in this study was located at 2,318-
3,832 bp with a length of about 1,515 bp.

Chloroplast DNA was wusually used for
interspecies relationship analysis, although it was
unable to separate intraspecies relationships and
had low genetic combination (Taberlet et al., 1991).
The rbcL and matK DNA sequences from the balsa
chloroplast genome were processed using BLASTX
(Hall, 2013; Yang et al., 2014) on the NCBI website
(Schoch et al., 2020), and the top 50 results were
assembled into a phylogenetic tree to determine the
relationship among balsa species. Phylogenetic trees
could describe the relationship between a species and
other species (Sindiya et al., 2018).
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The phylogenetic tree showed that balsa
(O. pyramidale) in a clade with other Ochroma
pyramidale species used either rbcL (Fig. 3),
matK (Fig. 4), or a combination of rbcL and matK
(Fig. 5). The same clade in a phylogenetic tree
describes a group of descendants of a common

used in constructing the phylogenetic tree was
the Neighbour-Joining Tree method (Wulansari et
al., 2015), thus, the evolutionary process of balsa
plants could not be calculated. The use of Neighbor-
Joining Tree method in phylogenetic analysis only
formed a phylogenetic tree based on homologous

DNA sequences.

ancestor (Dharmayanti, 2011). The algorithm
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) with rbcL gene



The results of phylogenetic tree construction
had a node value (bootstrap value) on each
branch of the phylogenetic tree. The bootstrap
value indicated the strength of the model data set
(Dharmayanti, 2011). The results of the bootstrap
value obtained for each gene or marker (rbcL, matK,
combination of rbcL and matK) did not reach a
value of 100% even though they were basically the
same species. This might be caused by variations
in the balsa studied with balsa data obtained from
NCBI such as differences in growing places, growth
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phases, and types of samples used in research due
to environmental factors (Sindiya et al., 2018).

Phylogenetic Tree of rbcL Markers

There were many types of molecular data
that could be used in phylogeny studies, including
the rbcL gene or marker. The rbcL gene had a role
in encoding the RubisCO protein (ribulose-1,5-
biphosphate carboxylase/oxygenase) which played
a role in fixating and reducing CO, from the air into
organic carbon (Tabita et al., 2008).
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Fig. 4. Phylogenetic tree of balsa (O. pyramidale) with matK gene
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In Fig. 3, the phylogenetic tree of the rbcL
gene, the bootstrap value of balsa (O. pyramidale)
was 0.64 or 64%. The bootstrap value was included
in the weak category. Bootstrap value had three
categories: high (>85%), moderate (70-85%), weak
(50-69%), and very weak (<50%) (Kress et al., 2002).
The low bootstrap value of the rbcL phylogenetic
tree in this balsa had the possibility of changes in
the arrangement and branching of the phylogenetic
tree. The bootstrap value indicated that the use of
the rbcL gene was not good enough to differentiate
between balsa (O. pyramidale) species in the
Malvaceae family. Kolondam et al. (2012) explained
in their research that the rbcL gene was only able to
distinguish samples up to the family level.

Phylogenetic Tree of matK Markers
The bootstrap value on the matK marker was
classified as moderate (0.76 or 76%). The bootstrap

value was higher for the matK gene in comparison
to rbcL gene. It could be concluded that the use of
matK gene was quite suitable for the analysis of
balsa phylogeny. In general, matK DNA sequences
have better ability to distinguish genera and species
than rbcL (Ismail et al., 2020). The matK gene could
evolve faster than the rbcL gene and consistently
showed a high level of discrimination, especially
in Angiosperms (Mursyidin & Makruf, 2020). The
matK gene played a role in the expression of the K
subunit maturase in the plant chloroplast genome
(Lian et al., 2022). The matK gene had features
that formed variation in DNA and amino acids. In
both monocots and dicots, the 5’ region of the matK
gene exhibited greater variation than the 3’ region.
Therefore, matK gene at both the nucleic acid and
amino acid sequence was often used in resolving
kinship relationships in the family and even in
species (ince et al., 2005).

Fig. 5. Phylogenetic tree of balsa (O. pyramidale) using combination of rbcL and matK genes
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Phylogenetic Tree with Combination of rbcL dan
matK Marker

The combination of rbcL and matK genes
resulted in a high bootstrap value of 0.94 or about
94%. This indicated that the combination of rbcL and
matK genes was a molecular marker that could be
used as a recommendation in phylogeny analysis
of balsa (O. pyramidale). Based on the three
phylogenetic trees with different types of markers, it
was shown that the gene or marker combination of
rbcL and matK gave the best results with a higher
bootstrap value than the rbcL and matK genes.
This was explained by Wattoo et al., (2016) that
the combination of rbcL and matK could be used
to distinguish about 90% of flowering plant species
(Angiosperms). Lestari et al. (2018) also reported
that using a combination of DNA molecular markers
could provide a better and more stable phylogenetic
tree topology. These was because the barcode or
molecular marker used in plant species had a very
labile nature, so the more DNA molecular markers
used, the better the identification of a plant species
could provide.

CONCLUSION

Long-read sequencing of balsa (Ochroma
pyramidale) produced reads of 491.403 Mb, as well
as partial whole genome sequences of 155,430
bp. This yield which was useful to analyze DNA
barcode-based phylogenetic analysis from the
chloroplast genome. Phylogeny studies using rbcL,
matK, and a combination of both genes showed that
balsa was genetically grouped in one clade with
other Ochroma pyramidale species. In comparison
with rbcL gene, the matK gene and the combination
of the rbcL and matK genes were greater to analyze
relationships in balsa.
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