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Abstract

The extraction method plays a crucial role in obtaining high-quality DNA samples, which is indispensable for
various molecular biology techniques and analyses, enabling a deeper comprehension of genetic information and
biological processes. The objectives of the study were: a) to optimize the chloroplast DNA extraction protocol by
comparing modified CTAB methods and GeneAid for both leaf and wood samples of Shorea leprosula, a major
commercial timber species, and b) to identify a suitable cpDNA region that exhibits variability and universality
across taxa. Total DNA was analyzed by gel electrophoresis followed by Sanger sequencing to determine the
amplification success. The results revealed that trnL intron, trnL-trnF, and trnG yielded readable sequences of the
expected length (maximum 586 bp, 480 bp, and 908 bp, respectively), while the rps16 intron failed to assemble a
contig. The petL-psbE region provided long readability for reverse sequences (769 bp) but not for the forward
sequence (195 bp). Higher successful DNA extraction was achieved from the leaves compared to the woods. The
lower sequencing quality may be attributed to suboptimal primer design, the structural features of the regions
resulting from extensive repetitive sequences, and the suboptimal condition of the extraction method in eliminating

wood chemical compounds.
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Introduction

Shorea leprosula is a member of the Dipterocarpaceae
family. It is locally known as 'meranti tembaga' and is widely
distributed throughout the aseasonal tropical rainforests of
Southeast Asia (Symington, 1943; Ashton, 1982). S.
leprosula naturally grows in Peninsular Malaysia, Peninsular
Thailand, the Indonesian islands of Java and Sumatra, and
Borneo/Kalimantan (Ashton, 1982; Newman et al., 1996;
Lee et al., 2000a; Rudjiman, 2002; Pooma & Newman,
2017). S. leprosula has a high commercial value for wood or
timber production and is commonly called 'light red meranti'
(Ashton, 1982; Kessler & Sidiyasa, 1994; Wahyudi et al.,
2014). Harvested timber has been a target for illegal logging
(Miranda Montero et al., 2020). With over 700 recognized
species, species determination within dipterocarps can be
challenging due to morphological similarities and cryptic

species, and the need for molecular approaches to resolve
taxonomic uncertainties. Proper identification of the species
can facilitate the implementation of sustainable management
practices and traceability of timber products, supporting
responsible and legal trade (Tsumura et al., 2011; Ng et al.,
2022).

Methodological optimization is essential when
extracting DNA from tree species for various genetic studies
to ensure accurate and reliable results. The choice of DNA
extraction method can significantly impact the quality and
quantity of DNA obtained (Gryson, 2010), thereby
influencing downstream analyses, such as genetic diversity
assessments, molecular marker development (Nuroniah et
al., 2010; Rana et al., 2013), and evolutionary studies
(Heckenhauer et al., 2018). By optimizing the extraction
method, researchers can maximize DNA yield (Rohland &
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Hofreiter, 2007; Sarkinen et al., 2012), minimize
contaminants (Kim et al., 2017), and preserve the integrity of
genetic material (Zimmermann et al., 2008), ultimately
enhancing the validity and robustness of their genetic studies
in tree species. There are many published protocols for the
extraction of DNA from various plant species and tissues
(Murray & Thompson, 1980; Dellaporta et al., 1983; Rogers
& Bendich, 1985; Doyle & Doyle, 1987; Wagner etal., 1987;
Stewart & Via, 1993; Jobes et al., 1995; Kim et al., 1997,
Tibbits et al., 2006). Many of these protocols recommend
extracting DNA from needles, leaves, or buds. Extraction of
DNA from fresh materials, such as leaves or shoots, is a
common practice in the molecular biology of tropical forest
species (Kajita et al.,, 1998; Cannon & Manos, 2003).
However, DNA extraction from wood (sapwood and
heartwood) is more difficult than that from leaves because of
the higher quantity of secondary metabolites of phenolic
compounds and lignin, and because the concentration of leaf
DNA is higher than that of wood DNA (Liepelt et al., 2006;
Swetha et al., 2014). This is because of the small amount of
DNA present in woody tissues, even in living trees (Abe et
al.,2011).

Some authors (Murray & Thompson, 1980; Doyle &
Doyle, 1987, Wagner et al., 1987) suggest the use of
extraction buffers containing cetyltrimethylammonium
bromide (CTAB), while others (Stewart & Via, 1993; Kim et
al., 1997) introduce PVP-40 (polyvinylpyrrolidone; mole
weight 40,000) to remove contaminating components of
DNA. Therefore, it is important to determine the most
efficient DNA extraction protocol for wood. Wood DNA
extracts are usually highly degraded, so it is important to
select multiple copies of target gene sequences to increase
the success of PCR amplification (Cano, 1996; Deguilloux et
al.,2002).

The aims of this study were: a) to determine the
appropriate extraction method for isolating the leaves and
wood of S. leprosula by comparing two extraction methods,
CTAB and GeneAid Kit, b) to determine the optimized
chloroplast DNA extraction protocol through comparison
between modified CTAB methods and GeneAid kit
protocols, and ¢) to identify a suitable cpDNA region that
exhibits variability and universality across taxa.

Methods

Plant materials Plant materials in the form of leaves and
wood were obtained from mature S. leprosula trees. Fresh
leaf samples were dried with silica gel, whereas wood
samples were collected in sterile containers. Leaf and wood
samples were stored at room temperature in the Molecular
Systematics Laboratory of the National Research and
Innovation Agency, Indonesia. DNA isolation and molecular
analysis were carried out at the Molecular Systematics
Laboratory of the National Research and Innovation Agency.
This study used two samples of S. /eprosula leaves and
wood, which were extracted using CTAB (Doyle & Doyle,
1987) with modification and Genomic DNA Mini Kit (Plant)
from GeneAid. Samples were processed immediately upon
arrival from the field. The duration of samples storage, until
they are isolated, is varied, but attempts to do so as quickly as
possible, no more than a month after they are collected from
the field.
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Sample preparation After collecting the S. leprosula wood
sample during the field survey, it was crucial to clean the
sample from dust and dirt. Leaf samples were wiped using
Kimwipes that had been moistened with 70% alcohol. This
step ensured that the parts used for isolating the genetic
material were free from contaminants. For the CTAB
method, 60 mg of leaf and wood were weighed, while 20 mg
was weighed for commercial kits. These samples were then
scraped into smaller pieces and finely ground into a powder,
preparing them for further analysis.

DNA extraction To ensure the integrity of DNA samples,
conditions must be maintained throughout the DNA isolation
process to prevent contamination from the surrounding
environment. In this study, two distinct tree organs, namely
wood and leaves, were extracted using two DNA extraction
protocols: the modified CTAB method and the modified
Genomic DNA Mini Kit (Plant) from GeneAid. The specific
treatment details can be found in the sample preparation
section, while the step-by-step procedures for each
extraction method, tailored to the respective tree organs, are
described as follows.

CTAB with modification A mixture of 60 mg of fresh leaf
and wood chips with quartz sand was ground to a fine powder
using a mortar and pestle. The fine powder was then inserted
into a 1.5 mL microtube with an additional 700 pL of
extraction buffer and 14 pL mercaptoethanol. The extraction
buffer of 500 mL 2x CTAB consisted of 10 g CTAB 0.054
mol L, 40.908 g NaCl 1.4 mol L", 6.055 g Tris HC1 0.098
mol L, and 3.722 g EDTA 0.016 mol L"'. The samples were
then homogenized in a vortex until the whole sample was
mixed with buffer, followed by incubation in a water bath for
at least 3 hours at 65 °C (modified from the initial protocol).
In the initial protocol, the samples were incubated for 10-30
minutes at 65 °C. We made several modifications to the
subsequent lab steps, which were tailored based on our direct
experience in extracting Dipterocarpaceae wood samples).
The microtubes were inverted every 30 minutes to ensure an
evenly homogenized content. When finished, 600 pL of
chloroform-isoamyl alcohol (24:1) was added to the
microtube. Next, the mixture was centrifuged for 5 minutes
at 10,000 rpm. When the contents began to separate and form
layers of supernatant, organic materials, and chloroform, the
uppermost layer of the supernatant was transferred to a new
microtube using a micropipette. This process was repeated
twice. Subsequently, 500 mL of cold isopropanol was added
to the supernatant, mixed, and stored in a freezer overnight.
Next, the microtube was centrifuged for 5 minutes at 10,000
rpm to form precipitates. The separated fluid was discharged
from the microtube and replaced with 500 mL of 70%
ethanol, followed by further centrifugation for 2 minutes and
another fluid was discarded. This process was performed
twice. The pellets or DNA precipitates were then dried at
room temperature for 30 minutes (with the tube cap opened)
before 30 puL of nuclease-free water was added (modified
from the initial protocol; on the initial protocol, the DNA was
dissolved in 50 pL of nuclease-free water or TE buffer after
the first rinsing with 70% ethanol). Finally, the microtubes
were flicked, and the isolated DNA was subsequently used
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for PCR amplification.

Genomic DNA mini kit (plant) GeneAid with modification
The process of DNA isolation using the Genomic DNA Mini
Kit (Plant) GeneAid mainly followed the manufacturer's
instructions with modifications. DNA isolation was
performed using a GeneAid kit as follows: The sample
prepared from the sample preparation section was mixed with
quartz sand and ground into a fine powder using a pestle and
mortar. The fine powder was then transferred to a 1.5 mL
microcentrifuge tube. A total of 400 pL GP1 Buffer or GPX1
Buffer and 5 L RNase A were added to the sample tube and
mixed with a vortex. Next, the samples were incubated at 60
°C for 30 minutes. During incubation, the tube was inverted
every 5 minutes (80 pL of elution buffer was required per
sample) and heated to 60 °C. A total of 100 pL of GP2 Buffer
was added and mixed with a vortex and then incubated on ice
for 3 minutes. Then, the samples were centrifuged for 5 min at
13,000 rpm (modified from the manufacturer's protocol; the
sample was not centrifuged for 5 min at 13,000 rpm in the
initial protocol). The filter column was placed into a 2 mL
collection tube, and the mixture was transferred to the filter
column. Samples were centrifuged again for 1 minute at
3,500 rpm, after which the filter column was discarded. The
supernatant from the 2 mL collection tube was carefully
transferred to a clean 1.5 mL microcentrifuge tube. A total of
1.5 volume of GP3 buffer was added to the tube and then
homogenized with a vortex for 5 seconds. Next, the GD
column was placed into a 2 mL collection tube and 700 pL of
the mixture (and the remaining precipitate) was transferred to
the GD column. Samples were centrifuged at 13,000 rpm for
2 minutes. The flow-through in the collection tube was
discarded and then the GD column was put back into the 2 mL
collection tube. The remaining mixture was added to the GD
column and the sample was centrifuged at 13,000 rpm for 2
minutes. The flow-through in the collection tube was
discarded and then the GD column was put back into the 2 mL
collection tube. A total of 400 uL W1 Buffer was added to the
GD column and then centrifuged at 13,000 rpm for 30
seconds. The flow-through in the collection tube was
discarded and then the GD column was put back into the 2 mL
collection tube. A total of 600 pL of wash buffer was added to
the GD column and followed by centrifugation at 13,000 rpm
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for 30 seconds. The flow-through in the collection tube was
discarded and then the GD column was put back into the 2
mL collection tube. Next, the samples were centrifuged for 3
minutes at 13,000 rpm to dry the column matrix. The optional
step to remove pigment residue was performed; a) after
adding the wash buffer, 400 uL absolute ethanol was added
to the GD column; b) samples were centrifuged at 13,000
rpm for 30 seconds; c) the flow-through in the collection tube
was discarded and then the GD Column was put back into the
2 mL collection tube; d) the sample was centrifuged for 3
minutes at 13,000 rpm to dry the column matrix. The dry GD
column was transferred to a clean 1.5 mL microcentrifuge
tube. Atotal of 80 uL of pre-heated elution buffer was added
to the centre of the column matrix (modified from the
manufacturer's protocol; on the initial protocol, the DNA was
dissolved in 100 pL of pre-heated elution buffer). The tube
was left for 35 minutes to ensure that the elution buffer was
completely absorbed. The sample was then centrifuged at
13,000 rpm for 30 seconds to elute the purified DNA.

PCR amplification Total genomic DNA from leaves and
wood was isolated using the CTAB and Genomic DNA Mini
Kit (Plant) from GeneAid. Five molecular markers of non-
coding chloroplast regions, namely, #rnL intron, trnL-trnF,
trnG intron, rps16 intron, and petL-psbE were selected to
perform PCR amplification and DNA sequencing in this
study with details of the nucleotide sequences of each
combination primers are shown in Table 1.

The PCR mix with a total volume a of 12.5 pL consisted
of a PCR master mix (My taq HS Red Mix 2x 6.25 puL from
Bioline), 2 uM forward and reverse primers (forward and
reverse primers 0.25 uL), nuclease free water 4.75 pL, and
approximately 1 uL DNA template. The reaction was carried
out in Sedi G Thermo Cycler (Wealtec) with optimum
conditions as follows: initial denaturation at 94 °C for 3
minutes, denaturation at 94 °C for 30 seconds, annealing for
30 seconds and extension at 72 °C for 1 minute and 30
seconds, followed by final extension at 72 °C for 4 minutes.
The annealing temperature was varied for each marker used.
The annealing temperature was 53 °C for the #nL intron,
trnL-trnF, and rps16 intron, 51 °C for the #nG intron, and
50 °C for petL-psbE. The PCR amplification process lasted

Table | Primer sequences for non-coding chloroplast regions used in this study

No  Marker 5'-3' primer sequence

Reference

trnL intron
1 Forward

CGA AAT CGG TAG ACG CTA CG

(Taberlet et al., 1991)

Reverse GGG GAT AGA GGG ACTTGAAC

trnL-trnF
2 Forward

GGT TCAAGT CCC TCT ATC CC

(Taberlet et al., 1991)

Reverse ATT TGA ACT GGT GACACG AG

trnG intron
3 Forward

GCG GGT ATA GTT TAG TGG TA

Yoshimura, unpublished

Reverse CCT CTG TCC TAT CCATTA GAC

rps16 intron
4 Forward

AAA CGATGT GGTARAAAG CAAC

(Shaw et al., 2005)

Reverse AAC ATC WAT TGC AAS GAT TCG ATA

petL-psbE
5  Forward

AGT AGAAAACCGAAATAACTAGITA

(Shaw et al., 2007)

Reverse TAT CGA ATA CTG GTA ATA ATA TCA GC
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for 35 cycles. The PCR products were visualized on a 0.5%
agarose gel with GelRed added through an electrophoretic
process and lasted for 30 minutes with a voltage of 100 volts.
After electrophoresis process was completed, the target band
was photographed using a gel documentation system
(Bioinstrument, ATTO Biosystems Inc.). The amplified PCR
products were sent to the Ist Base company for Sanger
sequencing.

Data analysis Data from the sequenced results in the form of
forward and reverse sequences were combined to obtain a
complete sequence with the help of the ATGC version 4.3.5
(Genetyx Co., Japan) program. Furthermore, MEGA X
software was used to evaluate the nucleotide composition of
each marker (Kumaretal., 2016).

Results and Discussion

DNA extraction quality of CTAB and GeneAid protocols
The success of DNA isolation in terms of DNA integrity, a
parameter used for assessment, can be determined by
visualizing the appearance of bands on agarose gel. In this
study, the quality of the DNA extracted from the total genome
was evaluated using electrophoresis. Figure 1 demonstrates
the presence of smears in one leaf sample, specifically leaf 2,
when employing both the CTAB and GeneAid KIT
extraction methods. Gel electrophoresis revealed that the
CTAB method yielded distinct bands of high-molecular-
weight DNA, including smeared bands of contaminants, in
comparison to the DNA isolated by the GeneAid method
(Figure 1). According to Rahmadara et al. (2022), a clear
band without smearing in the visualization results indicates
good-quality DNA isolation, while the presence of smears
suggests the presence of contaminants in the extraction
results. Interestingly, no bands were observed when DNA
was isolated from wood samples using either the CTAB
extraction or the GeneAid Kit. The GeneAid kit utilizes
silica-based membrane technology in the form of a spin
column (Dhaliwal, 2020); however, it appears to be less
effective in removing polyphenolic and protein compounds
(Rahmadaraetal., 2022).

PCR amplification To verify the isolated DNA from the two
extraction methods, PCR amplification was conducted using
non-coding chloroplast genome markers, including the #7nL
intron, truL-trnF, trnG intron, rps16 intron, and perL-psbE.
The results presented in Figure 2 demonstrate the successful
amplification of leaf and wood samples using both the DNA
templates extracted by the CTAB and GeneAid extraction
methods. The PCR products exhibited clear bands and single
copies for all markers utilized in the study, indicating
successful amplification of the leaf and wood DNA samples
extracted by both methods. These findings support the
efficacy of both extraction techniques in producing amplified
DNA fragments based on the distinct bands observed.

Work protocol verification based on sequencing results
The isolated total genomic DNA should be further checked
and verified by performing PCR and sequencing analysis. Of
the five markers, the longest amplicon size was produced by
the #nG intron for leaves by CTAB extraction (908 bp),
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followed by the #nG intron for leaves by GeneAid extraction
(894 bp). In the #rnL intron marker, only intact sequence
results were obtained for S. leprosula leaves, both with CTAB
and GeneAid extracted DNA templates with sequence
lengths of 586 bp, respectively. However, for wood extracted
with CTAB or GeneAid with the fnL intron marker, the
sequenced results could not be assembled because of the
messy sequence results on the forward primers. This was also
found in the #nG intron marker, where the wood sequences
extracted with CTAB and GeneAid could not be assembled
due to the poor sequences in the forward primers.

In the trnL-trnF marker, it is known that the length of the
sequences is relatively the same between leaves and wood
extracted using both CTAB and GeneAid. The sequence
length using the CTAB DNA extraction template on leaves
and wood with #nL-#rnF markers was 479 bp, whereas the
sequence length using GeneAid DNA extraction template on
leaves and wood was 480 bp. Based on the results of this study
(Table 2), it can also be seen that the PCR product sequences
of trnG intron marker leaves using CTAB DNA template
extraction resulted in longer sequence lengths (908 bp)
compared to the sequence length using the GeneAid kit DNA
template (894 bp). Meanwhile, the rps16 intron and perL-
psbE markers from leaf and wood sequences could not be
assembled using the DNA templates CTAB and GeneAid.
The rps16 intron sequence is messy and is characterized by
the presence of repetitive DNA (repeated nucleotide
sequences). However, the pefL-psbE marker resulted from
poor forward primer sequences, characterized by messy
electroferogram quality with overlapping peaks (Table 2).
CTAB method is known for its ability to effectively remove
contaminants and impurities, such as polyphenolic
compounds and proteins, that can interfere with DNA
analysis (Xu et al., 2010; Turaki et al., 2017). As a result,
DNA extracted using the CTAB method is generally of higher
purity, which allows for longer and more reliable readable
DNA sequences. The addition of PVP to the extraction buffer
in the CTAB extraction method is very helpful in removing
polyphenols (Karaca et al., 2005), while CTAB aims to

Leaf1 Leaf2 Wood 1 Wood 2 Leafl Leaf2 Wood 1Wood2 M

i '!l

=
e

CTAB GeneAid

Figurel Representative photo of agarose gel
electrophoresis containing isolated DNA using the
CTAB and GeneAid protocols.

147



Jurnal Manajemen Hutan Tropika, 30(1), 144—154, April 2024
EISSN: 2089-2063
DOI: 10.7226/jtfm.30.1.144

Leaf 1 Leaf 2 Wood Wood M Leafl Leaf2 Wood Wood
1 2 1 2

| N P Q)
o

e gl NS

CTAB GeneAid

a) trnL intron

Leaf 1 Leaf 2 Wood 1 Wood2 M Leafl Leaf 2 Wood 1 Wood 2

\Jdﬁwk 'Q@H“f"

CTAB GeneAid

¢) trnG intron

Leaf 1 Leaf 2 Wood Wood

1

CTAB

Scientific Article
ISSN: 2087-0469

Leaf 1 Lleaf 2 Wood 1 Wood 2 M Leaf1 Leaf 2 Wood Wood
1 2

CTAB GeneAid

b) trnL-trnF

Leaf1 Leaf2 Wood 1Wood2 M Leafl Leaf2 Wood 1 Wood 2

CTAB GeneAid

d) 7ps16 intron

M Leafl Leaf 2 Wood Wood

1 2

GeneAid

e) petL-psbE

Figure2 Representative photos of agarose gel electrophoresis of multiple marker PCR products using template DNA extracted
with CTAB and GeneAid protocols. a) frnL intron, b) #rnL-trnF, ¢) trnG intron, d) 7ps16 intron, and e) pefL-psbE.

remove polysaccharides efficiently during DNA extraction
(Syamkumar et al., 2005; Sahu et al., 2012). The addition of
PVP to the extraction buffer can also reduce polyphenol
contamination because it covalently binds to these
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compounds and precipitates back during chloroform
extraction (Ibrahim, 2011).

On the other hand, the GeneAid plant extraction kit
utilizes a different approach based on silica-based membrane
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technology in the form of a spin column (Rahmadara et al.,
2022). Although this method is convenient and can yield
satisfactory results for many applications, it may not be as
effective in removing certain contaminants and impurities as
the CTAB method. S. leprosula is known to contain
polyphenols in its leaves (Abasolo et al., 2009; Risnasari et
al., 2019), and its bark/wood has been reported for several
shorea species (Kawamura et al., 2011; Syafriana et al.,
2020). The presence of residual polyphenolic compounds and
proteins in the DNA extracted using the GeneAid kit can
hinder the readability and sequencing of DNA, resulting in
shorter readable DNA sequences compared with the CTAB
method.

The poor sequencing quality of the forward primers used
in this study could be due to suboptimal primer design. The
forward primer may have mismatches or suboptimal binding
conditions at the target locus, resulting in inefficient
amplification and poor sequencing results (Eckert & Kunkel,
1991; Francis et al., 2017). In contrast, reverse primers may
have been designed more effectively, leading to successful

Table2 Thenucleotide lengths of the five markers used in the study
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amplification and clear sequencing outcomes (Liu &
Naismith, 2008). The target locus itself can influence primer
binding and amplification efficiency. It is possible that the
forward primer region contains variations or structural
features, such as secondary structures or repetitive sequences
that impede efficient amplification (Treangen & Salzberg,
2012). These characteristics can hinder the binding and
extension of the forward primer, resulting in poor sequencing
results. The reverse primer targeting a different locus may not
be affected by these inhibitory factors.

In contrast, the rps16 intron locus shows a failure when
the length of the nucleotide is very short and messy in both
strands of the sequence. By observing the resulting sequence
structure (Figure 3), it can be seen that there is a massive
repetitive section of the sequence strand that is amplified by
the 7ps16 intron. From the screening of 5 markers, only the
rps16 intron showed amplification failure in both forward
and reverse sequence directions. This shows that the
characteristics of the target locus of the 7ps16 intron in the S.
leprosula in this study were not successfully amplified by the

No Marker and Length of forward sequences Length of reverse sequences Length of contig or assemble Expected
samples (bp) (bp) (bp) length
CTAB GeneAid CTAB GeneAid CTAB GeneAid

1 trnL intron
Leaf 546 bp 546 bp 534 bp 534 bp 586 bp 586 bp 457-499 bp
Wood 79 bp 79 bp 443 bp 443 bp - -

2 trnL-trnF
Leaf 430 bp 430 bp 437 bp 437 bp 479 bp 480 bp 355-437 bp
Wood 433 bp 433 bp 437 bp 438 bp 479 bp 480 bp

3 trnG intron
Leaf 908 bp 894 bp 890 bp 893 bp 908 bp 894 bp 863 bp
Wood 890 bp 890 bp messy messy - -

4 rpsl6 intron
Leaf 270 bp 270 bp 192 bp 192 bp - - 526 bp
Wood 270 bp 270 bp 192 bp 192 bp - -

5 petL-psbE
Leaf 195 bp messy 531 bp 588 bp - - 956 bp
Wood 195 bp 195 bp 769 bp 769 bp - -
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Figure 3 Shorea leprosula sequence electropherogram with ps16 intron markers.
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primer pairs used. The character of the amplified target locus
may also be an obstacle in other studies because until now, no
other S. leprosula individuals that are amplified by the rps16
intron have been identified, which can be accessed on the
NCBI global database database.

The results showed that in several primers, only leaves
were amplified and resulted in a complete set of sequences,
namely the #7nL intron, trnL-trnF, and trnG intron markers.
Leaves are composed of relatively soft and cellular tissues,
which makes it easier to disrupt cell walls and release DNA
(Doyle & Doyle, 1987; Murray & Thompson, 1980;
Williams & Ronald, 1994). In contrast, wood is composed of
harder and more lignified tissues (Kadrkonen & Koutaniemi,
2010), making it more difficult to extract DNA. Leaves
contain a higher density of living cells than wood, which
typically consists of dead cells with thick cell walls (Haroen
& Dimyati, 2006). Living cells in the leaves contain a higher
concentration of intact DNA, making the extraction more
efficient (Varma et al., 2007). Wood samples can contain
various compounds, such as polyphenols, tannins, and
lignin, which can inhibit DNA extraction and downstream
applications, such as PCR. These inhibitors can interfere
with the DNA isolation process and hinder the purity and
yield of the extracted DNA (Porebski et al., 1997; Filippis &
Magel, 1998; Jhala Vibhuti et al., 2015). The presence of
polysaccharides in DNA makes it thick and resembles gum,
causing difficulties in loading (Sablok et al., 2009).
Polysaccharide contamination also inhibits the Taq
polymerase activity (Karaca et al., 2005). Oxidized
polyphenols bind to DNA and inhibit PCR amplification
(Sahu et al., 2012). Chloroplasts are notably concentrated
within the mesophyll cells of leaves and play a pivotal role in
harnessing light energy (Kirchhoff, 2019). Conversely, in
wood, chloroplasts are present in parenchyma cells, although
their concentration is generally lower than that observed in
leaves (Mishra et al., 2018). The process of extracting DNA
from wood for chloroplast DNA (cpDNA) amplification
poses increased challenges compared to leaves (Liepeltetal.,
2006; Finkeldey et al., 2010); Swetha et al., 2014). This
difficulty arises because of the necessity for additional steps
in wood DNA extraction, including the removal of
potentially interfering compounds such as lignin (Finkeldey
et al.,, 2010). The distinct distribution of chloroplasts in
leaves and wood, coupled with the complexities of wood
DNA extraction, underscores the importance of tailored
approaches when studying chloroplast DNA in these tissues.

The results showed that for large-scale investigations, but
with limited funds, CTAB could be the best method for
extracting S. leprosula DNA from leaves or wood. Although
this method requires more time, it can produce pure DNA of
good quality with successful amplification. Sequence length
is one of the success factors of the quality of extracted DNA
because for some molecular investigations, the amplification
of nucleotide length becomes very important (Deguilloux et
al., 2003; Rachmayanti et al., 2009). However, in this study,
the DNA plant extraction kit method also provided good
quality DNA, which was successfully amplified and could be
used in molecular research for leaf and wood tissue samples.
Kits are easy to work with, simple, and fast. When time is an
important consideration, the utilization of a plant DNA
extraction kit is the key to fast and reliable DNA isolation
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from plant tissue.

The results presented in Table 2 demonstrate the
successful amplification of leaf and wood samples using both
the CTAB and GeneAid extraction methods. Notably, #rnL-
trnF markers yielded complete and well-amplified sequences
compared with the other four markers. These findings align
with previous studies (Yulita et al., 2005; Kamiyaetal., 2011,
2012; Rachmat et al., 2012) that have utilized trnL-trnF
markers for molecular analysis of the Dipterocarpaceae
family, particularly the Shorea genus. The trnL-trnF marker,
derived from a non-coding region of the chloroplast genome,
is widely used to infer evolutionary relationships across
taxonomic levels. It has been used to study the relationships
between and within genera (Bayer & Starr, 1998; Bayer etal.,
2000), among species (Gonzalez et al., 2002), and within
populations (Okaura & Harada, 2002). Thus, #rnL-trnF
markers can be considered universal markers that produce
high-quality sequences for both leaf and wood extractions in
S. leprosula.

Conclusion

Higher success of DNA extraction was achieved from the
leaves than from the wood parts. This is because wood
samples may contain various compounds, such as
polyphenols, tannins, and lignin, which can inhibit DNA
extraction and downstream applications such as PCR. PCR
and sequencing of the five cpDNA markers used in the study
found that the #nL-trnF marker can be considered as
universal markers that produce high-quality sequences for
both leaf and wood extraction in S. leprosula. Whereas the
results of The rpsl16 intron sequence is messy and
characterized by repetitive DNA (repeated nucleotide
sequences). In addition, ##nL intron and #7nG intron markers
for wood extraction template DNA | pefL-psbE resulted from
poor forward primer sequences characterized by messy
electropherogram quality with overlapping peaks. CTAB and
its kits are highly applicable for the extraction of S. leprosula
DNA. For large-scale investigations with limited funding,
CTAB may be the best method for extracting S. /eprosula
DNA from leaves and wood. However, when time is an
important consideration, the utilization of plant DNA
extraction kits is key for the fast and reliable isolation of plant
tissue DNA.
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