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ABSTRACT

Successful deoxyribonucleic acid (DNA) extraction from the durian fruit allows effective molecular
identification and genotyping of durian cultivars for quality assurance. While most genetic
identification of durian samples used the leaf as the DNA source, studies exploring durian fruit as a
source of DNA for molecular identification and genotyping are limited. In this study, four potential
sources of genetic material: the peduncle, spine, carpel, and aril from the durian fruit were evaluated
for DNA yield (in terms of concentration), quality (in terms of ratio of A,¢/Asg), and suitability
in PCR amplification (using genetic markers that target the chloroplast, nuclear, and microsatellite

DNA regions). Results of this study show that

the spine is a good potential source of genetic
ARTICLE INFO material alongside the peduncle.
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value (Ali et al., 2020). Native to Southeast Asia, durian has a crucial role in the cultural and
economic aspects of countries, including Malaysia, Thailand, and Indonesia (Thorogood
et al., 2022). It is commonly referred to as the “King of Fruits” due to its extensive appeal
and significant market value despite its divisive smell. In 2023, Thailand was the primary
global durian supplier, with Vietnam and Malaysia following closely behind. On the other
hand, China is the world’s leading importer of durian, accounting for over 95% of all imports
(Food and Agriculture Organization of the United Nations [FAO], 2023).

Consumer taste plays a pivotal role in determining the demand for durian, with
preference for different cultivars changing through time as new cultivars emerge in the
market; Malaysia, for example, currently has 129 durian cultivars registered with the
National Crop List (http://pvpbkkt.doa.gov.my/NationalList/Search.php). Since different
durian cultivars present different aromas, tastes, textures, and nutritional levels, the
identification of the cultivar from which a durian fruit is derived has to be accurate and
consistent (May et al., 2023) for quality assurance. Ensuring the authenticity and quality of
exported durian fruit and its products is crucial for maintaining market confidence towards
durian-producing countries.

So far, genotyping of DNA markers has shown potential in differentiating the various
durian cultivars (Siew et al., 2018; Mursyidin et al., 2022). It has significant applications in
the quality control and assurance of durian exports, given the international demand and high
market price, by reducing cases of false cultivar claims or adulterated products, which can
damage the reputation of the producing countries. Due to its size, durian fruits sold on the
market do not have other tissues from the mother tree, such as leaves or branches attached.
It means that if any DNA analyses were to be done on the fruit, the DNA would have to be
extracted from the fruit itself. The DNA extraction and polymerase chain reaction (PCR)
amplification steps are essential processes that ensure the success of a genetic analysis.
However, obtaining high-quality DNA from plant tissues, especially from the fruit, poses
distinct challenges due to high concentrations of polysaccharides, secondary metabolites,
and other substances that complicate the extraction process and affect the quality and
quantity of the DNA obtained (Japelaghi et al., 2011). Determining suitable parts of the
high-value durian fruit as sources of quality genetic material would thus aid in efforts that
enable molecular identification and genotyping of its different cultivars.

This study seeks to address the challenges in DNA extraction from the durian fruit by
conducting a comparative analysis of the efficacy of DNA extraction from various parts
of the durian fruit and using the extracted DNA for PCR amplification. By examining the
quality and quantity of extracted DNA from the durian fruit peduncle, spine, carpel, and
aril, as well as determining the suitability of each sample type for PCR amplification of
chloroplast and nuclear DNA fragments and microsatellite DNA, this study provides vital
information on the approach for extracting useful DNA from the durian fruit. We envision
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that the findings in this study would enhance the efficiency of genetic investigations for the
authentication of durian fruits at border controls or international trade platforms.

MATERIALS AND METHODS
Fruit Material and DNA Extraction

Three Musang King variety durian fruits were purchased from a local fruit seller. Prior to
excising pieces (“sample”) of the different parts of the fruit—the peduncle, spine, carpel,
and aril (Figure 1)—the surfaces of each sample type were gently wiped and sterilised
with a C-fold hand towel sprayed with 70% ethanol. After surface sterilisation, 100 mg of
each sample type was obtained for DNA extraction.

Peduncle

Spine

Aril

Carpel

Figure 1. An opened durian fruit showing the different parts of the fruit sampled for DNA extraction: the
peduncle, spine, carpel, and aril

Total genomic DNA was extracted using the FavorPrep Plant Genomic DNA Extraction
Mini Kit (Favorgen Biotech, China) with minor modifications. Briefly, for the samples of
the peduncle, spine, and carpel, the sample was cut into small cubes of Immx1mmx1mm
or smaller using a sterile scalpel before being added into a 2 mL microcentrifuge tube
containing 1 mL of lysis buffer (FAPG1 Buffer). In contrast, the sample of the aril was
directly added to the lysis buffer. A sterile mini pestle was then used to grind the sample
in the lysis buffer to ensure mixing and maximum contact of cells with the buffer. After
adding 16 pL of RNase A solution (50 mg/mL), the mixture was vortexed vigorously
and incubated at 65 °C for 2 h in a water bath. The mixture was let to cool down prior to
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adding 280 L FAPG2 Buffer and then incubated at -20 °C for 30 min. Subsequent steps to
bind, wash, and elute the DNA were per the manufacturer’s protocol. DNA extraction was
conducted for each sample in duplicates as technical replicates. The quantity and quality
of the extracted DNA were then determined using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, USA).

PCR Amplification and Verification of DNA Quality

Six primer pairs specific to the chloroplast and nuclear DNA regions were used to test
for PCR amplification using the total genomic DNA extracted in this study. The marker
loci were: (1) matK (1R_KIM: 5’-ACCCAGTCCATCTGGAAATCTTGGTTC-3’
and 3F_KIM: 5’-CGTACAGTACTTTTGTGTTTACGAG-3’) by Kim (unpublished),
(2) trnL-trnF intergenic spacer (trnL-e: 5’-GGTTCAAGTCCCTCTATCCC-3’
and trnF-f: 5°-ATTTGAACTGGTGACACGAG-3’) by Taberlet et al. (1991),
(3) ITS (ITS-p5: 5°-CCTTATCAYTTAGAGGAAGGAG-3’ and ITS-S3R:
5’-GACGCTTCTCCAGACTACAAT-3") by Chen et al. (2010) and Cheng et al.
(2016), (4) ITS2 (ITS-p3: 5’-GCCRAGATATCCGTTGCCGAG-3’ and ITS-S3R: 5°-
GACGCTTCTCCAGACTACAAT-3’) by Chen et al. (2010) and Cheng et al. (2016),
and microsatellite markers (5) DZ05 (DZ05 F2: 5>~ ACACATACACAACTCACCTC-3’
and DZ05 R: 5°-ATGCCCGATGAAATTGTAAC-3’) and DZ07
(DZ07 F: 5°-ACACACCATCTTCCCTTTG-3" and DZ07 _R: 5°-
TGCACATGTTGTTTGTATATATG-3’) by Siew et al. (2018).

Based on literature, the chloroplast partial gene sequence matK and intergenic spacer
region trnlL-trnF would produce amplifications of about 850 bp and 500 bp, respectively. In
comparison, the nuclear ribosomal DNA internal transcribed spacer (ITS) and ITS2 would
produce amplifications of about 900 bp and 500 bp, respectively. The nuclear microsatellite
markers DZ05 and DZ07 were expected to produce amplifications of about 200 bp and
440 bp, respectively. PCR amplifications were carried out in a 25 pL total reaction volume
containing Taq Plus Master Mix (Dye Plus; Vazyme, China), 0.4 uM of each primer, and 15
ng of genomic DNA as a template. A negative control for each marker was included, using
sterilised distilled water in place of the DNA template. PCR amplifications were conducted
on a SelectCycler II thermal cycler (Select-Bioproducts, USA), with initial denaturation at
95°C for 3 min, 35 cycles of denaturation at 95°C for 15 s, annealing at 50 °C for 15 s, and
extension at 72°C for 60 s, and a final extension at 72°C for 5 min. PCR amplification was
carried out twice for each marker and sample (equivalent to two technical replicates). The
amplified products were separated on 1.0% agarose gels containing the FloroSafe DNA
Stain (1** BASE, Malaysia) and visualised under ultraviolet (UV) light.
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RESULTS
DNA Quality and Yield

Using the selected DNA extraction method, we found that all four types of samples from the
durian fruit exhibited different levels of total genomic DNA purity and concentration (Table
1). The ratio of absorbance at 260 nm to absorbance at 280 nm (A,s/Asg) of between 1.5
and 2.0 is typically the “acceptable” purity of a DNA extract for downstream applications
(Lucena-Aguilar et al., 2016). For the peduncle sample, at least one technical replicate from
Durian 1 (D1) and Durian 3 (D3) returned good DNA purity, with DNA concentrations of
35.5ng/ul and 12.5 ng/uL, respectively. The DNA purity extracted from the spine sample
was only acceptable in D1 but not in Durian 2 (D2) or D3. The DNA concentrations for the
spine samples from D1 were 25-31.3 ng/uL. Of the six carpel samples, only one displayed
an acceptable purity of 1.64 from D1. When using the aril as the tissue sample, four tissue
samples from the three durian samples returned with at least one technical replicate with
an absorbance ratio between 1.5 and 2.0, with DNA concentrations ranging from 36.6 to
149.9 ng/uL.

Table 1
The purity and concentration of DNA extracts of four sample types from the durian fruit

Durian 1 Durian 2 Durian 3

Technical Technical Technical Technical Technical Technical
replicate  replicate replicate replicate replicate replicate

1 2 1 2 1 2

Peduncle  Ag/Axm 2.09 1.62 117 113 2.02 193
Concentration 4 35.50 34.10 148.70 12.40 12.50
(ng/uL)

Spine  Ase/Am 1.89 1.79 247 1.47 226 272
Concentration 5 31.30 12.10 13.20 12.70 12.80
(ng/uL)

Capel  An/Amo 1.64 120 137 222 2.08 129
Concentration ;¢ 32.50 31.90 18.00 15.90 25.50
(ng/uL)

Aril N 1.50 134 1.77 155 153 125
Concentration 5, ¢, 71.60 149.90 75.50 68.40 104.20
(ng/uL)

PCR Amplification Using Different Genetic Markers

From the negative controls, all tested genetic markers showed no false signals from
contamination (Figure 2). The success of the amplification varied among the samples
and genetic markers. At the marK locus, only the spine, carpel, and aril samples from D2
and D3 presented amplified DNA (including both technical replicates). For the peduncle
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samples, both technical replicates from D2 showed positive amplifications for marK, while
D1 and D3 only showed one successful amplification in one of their technical replicates.
All sample types (including both technical replicates) produced amplifications for the
trnL-trnF and ITS2 loci. However, only one technical replicate for the peduncle sample
of D1 and the carpel sample of D3 produced the amplicon of interest. DNA extracts from
the peduncle of D1 and the carpels of all three durian samples did not produce amplicons
for the ITS locus. Only one of the two technical replicates produced amplification for
the peduncle sample of D2 and the spine sample of D3. At the microsatellite marker loci
DZ05 and DZ07, PCR amplification was successful for both technical replicates of the
peduncle sample of D3, the spine sample of D1 and D2, and the aril sample of D2. Only
one replicate of the peduncle and aril samples from D2 and D3 produced amplification at
the microsatellite loci. DNA extracts derived from the peduncle sample of D1, the spine
sample of D3, the aril sample of D1, and all the carpel samples showed no amplification.

(A) B

M12345678 9101112131415 M12345678 9101112131415

1 o M161718192021222324 -ve
M161718192021222324 -ve

M161718192021222324 -ve

(D) (E) (F)

M1234567 8 9101112131415 M123456789101112131415 M12345678 9101112131415

M161718192021222324 -ve M161718192021222324 -ve M161718192021222324 -ve

Figure 2. PCR amplification results for the genetic marker loci (A) matK, (B) trnL-trnF intergenic spacer,
(C)ITS, (D) ITS2, (E) DZ05, and (F) DZ07. Lane 1-2: D1 peduncle, 3—4: D1 spine, 5-6: D1 carpel, 7-8: D1
aril, 9-10: D2 peduncle, 11-12: D2 spine, 13—14: D2 carpel, 15-16: D2 aril, 17-18: D3 peduncle, 19-20: D3
spine, 21-22: D3 carpel, 23-24: D3 aril. Two technical replicates were produced for each sample. M:100 bp
DNA ladder
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DISCUSSION

To the best of current knowledge, this is the first study to report the evaluation of DNA yield
and quality of the total genomic DNA extracted from the durian fruit. The results indicated
that most sample types from the durian fruit did not achieve an acceptable absorbance
ratio, whereas the DNA quality of the aril sample appeared promising. Generally, an A,q/
Ay ratio of <1.5 could mean that there are proteins, phenols, or other contaminants that
absorb strongly at or near 280 nm (Desjardins et al., 2010), while a ratio of >2.0 indicates
the presence of RNA contamination that may inhibit amplification (Yuen et al., 2001).

As with many other plant species, genetic studies on durian usually involve using its
leaf as the source of genetic material (Cheon et al., 2017; Nawae et al., 2023) due to its
availability and ease of sample processing. However, as the fruits are marketed or exported,
unlike some fruits, the durian leaves do not come with the fruit. Nonetheless, genetic
studies using the durian fruit as a source of genetic material have been attempted in the
past: Teh et al. (2017) used the peduncle as a source of genetic material for whole-genome
sequencing of the durian, while Jantan et al. (2024) and Teh et al. (2017) also used the aril
as the genetic material for transcriptomic studies on the durian fruit. The findings confirm
that the peduncle and aril contain sufficient genetic material for genomic analysis. While the
woody peduncle may seem to be lacking in chloroplasts, prior research has demonstrated
that woody tissue can serve as a suitable source for obtaining extranuclear genetic material
(Dumolin-Lapegue et al., 1999; Asif & Cannon, 2005).

Based on the findings in this study, the spine is proposed as a potential alternative
source of genetic material for durian cultivar genotyping for its high success rate in PCR
amplification of commonly used genetic markers. While the peduncle also produced good
amplification results, not all durian fruit sold in the market come with a peduncle attached.
On the other hand, the carpel and aril are impractical as sources of genetic material for
quality assurance at checkpoints, as one has to open the fruit to obtain the samples. Thus,
the spine (and, if available, the peduncle) would be an effortless and straightforward source
of genetic material for total genomic DNA extraction.

Nonetheless, it is acknowledged that outcomes could vary when different DNA
extraction protocols are used. As this study aimed to find a suitable source of sample from
the durian fruit for quick and inexpensive DNA extraction, this work also did not consider
an additional DNA purification step, which could improve the quality of the extracted DNA
and, subsequently, the amplification success. Variations in the biochemical composition
of fruit samples across different durian cultivars may also necessitate adjustments to the
DNA extraction protocol to achieve optimal DNA yields.
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CONCLUSION

This study evaluated the DNA yield and quality of total genomic DNA extracted from
the durian fruit. While most sample types did not consistently achieve acceptable and/or
consistent A,q/A,g ratios, DNA extracted from the durian aril showed promising DNA
quality and concentration. Eventually, all sample types successfully amplified both the
chloroplast trnL-trnF and nuclear ITS2 loci, demonstrating their suitability for downstream
molecular applications.
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