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Non-destructive method for extracting DNA from cashew seeds!
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ABSTRACT - The characterisation and evaluation of accessions are important steps in both the management of a germplasm collection
and in a plant genetic improvement program. Carrying out characterisation and evaluation, whether morphological or molecular,
requires observing the overall features of plants in the field, or collecting leaves for DNA extraction, which is time consuming and
costly; whereas DNA extracted directly from the seeds allows access to the genome without the need for planting the seeds, which
speeds up the selection of genotypes of interest and information on genetic variability. The aim was to develop a non-destructive method
for extracting DNA from cashew seeds. The seeds were mechanically perforated using a mini-grinder, and a sample of the endosperm
was removed. Various protocols and commercial kits for DNA extraction were tested, as well as materials to seal the opening made in
the seed. It is possible to extract cashew tree DNA from the endosperm, preferably using commercial kits with cementitious adhesive

as the sealing material, offering a germination percentage of 60% of the perforated seeds.
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INTRODUCTION

The cashew (Anacardium occidentale L.) is a
native species that is highly valued by the population due
to its many uses and benefits, especially as food and for
medicinal purposes (Novaes; Novaes, 2021). It is also of
socioeconomic importance as it is a source of employment
and income for families, particularly during the dry season
(Brainer; Vidal, 2021). The northeast of Brazil stands out
as the largest producer, with 121.2 thousand tons, while the
main producer in the area is the state of Ceard, with 68.1
thousand tons (IBGE, 2023).

The characterisation and evaluation of different
accessions in Active Germplasm Banks (AGB) are essential
steps in understanding and accessing the genetic variability
of the conserved materials (Oliveira et al., 2020), with this
knowledge possibly allowing the accessions to be used
in genetic improvement programs (Oliveira et al., 2020).
Conserving the genetic diversity of agricultural crops is
important in order to provide a genetic base (alleles) for
possible adaptations that may be needed in the future
(Burle, 2019).

The characterisation of conserved accessions
is carried out through the use of descriptors, which are
based on the morphological, agronomic, physiological
and molecular characteristics of the plant, among others
(Faleiro et al., 2020). However, using all of the descriptors
requires a lot of time and manpower (Oliveira et al., 2020).
Genetic variability can be estimated using PCR-based
molecular markers (Paiva et al., 2019), such as SNP,
SSR, AFLP, RFLP, RAPD and ISSR (Dwiningsih;
Rahmaningsih; Alkahtani, 2020). Nevertheless, to carry
out molecular characterisation, the DNA must first be
extracted from the plant material.

Extraction is generally carried out on leaf
tissue. However, when the seeds are used, molecular
characterisation can be achieved regardless of the stage
of the plant and before sowing, saving time and space
(Mon Post et al., 2003). This makes it possible to speed
up the genetic analysis of genotypes, and characterise and
eliminate seeds that have undesirable genetic traits before
they are planted in the field (Ma et al., 2019). However,
in order to sow previously evaluated and selected seeds,
the genetic material (DNA) must be extracted in a non-
destructive way (Zheng et al., 2015).

Currently, the cashew is mostly conserved
by planting in the field and keeping seeds in cold
storage. (Castro, 2020). However, some accessions
are only conserved as seeds, as they are collected in
geographically distant regions, and planting them in
the field for study would take time. Developing or
adapting methods for extracting DNA directly from

the seed is therefore essential. Studies carried out on
the cashew, seeking to facilitate DNA extraction, can
simplify and optimise many of the steps, allowing
results to be obtained more quickly. As such, the aim
of this study was to develop a non-destructive method
for extracting DNA from cashew seeds.

MATERIAL AND METHODS

Collecting the material

Seeds of the CCP 06 clone (2022 harvest) were
used, collected in the experimental area of Pacajus, Ceara
(04°11°07” S and 38°30°07" W), and selected for their
high germination capacity. The seeds were drilled in the
most distal part relative to the embryo (Figure 1) with
the aid of a mini-grinder (Dremel, USA) using a No 194
countersink drill (1/8 inch) to reach the endosperm. A
small sample of the endosperm (= 20 mg) was collected
with a previously autoclaved steel tube, 3 mm in diameter,
and immediately placed in a microtube with the aid of
a steel pin (Figure 1). A new autoclaved tube was used
for each sample. The steel tubes were used to remove the
required amount of endosperm more easily and without
loss, since its diameter is similar to that of the drill.

Figure 1 - Perfurated seeds of the CCP 06 clone of Anacardium
occidentale L. and the equipment used
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(A) External view; (B) Internal view (The black arrow indicates the position of
the embryo); (C) mini-grinder; (D) steel tubes used to remove the endosperm
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Selecting the sealing material
germination test

and preliminary

Four materials were tested to seal the opening
made in the nut to remove the endosperm and ensure the
seed remained viable, allowing it to be sown in the future.
The materials were applied at room temperature using a
sufficient amount to close the opening. In the preliminary
tests, four materials with sealing properties were applied
to the open region immediately after removing the
endosperm and coat: 1) chitosan-based gel, 2) silicone, 3)
cementitious adhesive and 4) plaster, the last three being
commercial products.

The chitosan-based sealant was prepared as follows:
1) a solution was prepared using 10 mL of PA acetic acid
(purity 99.5%) and 90 mL of distilled water; 2) 1 mL of
SPAN 80 (surfactant) and 10 mL of glycerol were added;
3) the mixture was heated to 80 °C while mechanically stirred
at 300 rpm, and 5 grams of chitosan was slowly added until
completely dispersed and a gel was formed; 4) the gel was
cooled to 65 °C and then, while mechanically stirred at 300
rpm, 12 grams of commercial bovine gelatin was
added until completely dispersed and incorporated/
solubilised in the gel; 5) the gel was cooled to room
temperature (25 °C — 28 °C) and was applied to the holes in the
seeds using a 3-mL syringe. The cementitious adhesive and
plaster were prepared as per the manufacturers’ instructions
and inserted using a 3 mL syringe. The silicone was applied to
the holes using the applicator nozzle of the tube.

Once the sealants had dried as suggested by the
manufacturers, the seeds were sown in trays containing
commercial substrate (Germina Plant®). Ten perforated
and unperforated (control) seeds of the CCP 06 clone
were used in the preliminary tests under shaded
conditions (24 °C — 31 °C) and evaluated once a week
for 30 days, the criterion being the emergence of the
first leaf. To select the sealant, a comparison was made
between the sealing materials, choosing the material
that did not drastically reduce seedling emergence.

Definitive germination test

After selecting the sealant with the best potential
to seal the seeds in the preliminary tests, a germination
test was carried out with two treatments: perforated and
sealed seeds, and unperforated seeds (control), using 100
seeds per treatment. A completely randomised design
(CRD) was used. The seeds from each treatment were
sown in small tubes (288 mL) containing commercial
substrate and evaluated once a week for one month to
quantify emergence. The germination experiments were
conducted in the seedling production nursery of Embrapa
Agroindustria Tropical, in Pacajus, Ceara. The data were
subjected to analysis of variance by F-test, using the
Genes software (Cruz, 2016).

Extracting DNA from seeds of the CCP 06 clone

Five protocols for extracting DNA were tested:
Zheng et al. (2015), CTAB-PVP (Costa et al., 2015),
WIZARD PVP (Costa et al., 2015), Ahmad, Ferguson
and Southwick (2003) and Doyle and Doyle (1990),
and three commercial kits, the Wizard Genomic DNA
Purification Kit (Promega, Madison, WI, USA), EasyPure
Plant Genomic DNA Kit (TransGen, Beijing, China) and
Quick-DNA Plant/Seed Miniprep Kit (Zymo Research
Corp., Orange, CA). After extraction, DNA from each
of the samples was quantified using a NanoDrop 2000
spectrophotometer (Thermo Scientific), and the total
DNA was visualised on 0.8% agarose gel. Methods were
selected that enabled DNA of sufficient quality to be
extracted for future use.

PCR for checking the viability of the extracted DNA

Verification of the viability of the DNA extracted
from the CCP 06 clone using each protocol or commercial
kit was carried out by PCR reaction using four ISSR
primers (Table 1).

The concentrations adopted for the final volume
of 20 pL consisted of: 1 X PCR buffer, 2 mM MgCl,,
0.2 mM dNTP, 1 U Tag DNA polymerase, 0.8 uM
primer, 20 ng DNA and ultrapure water to make up the
final volume. For the PCR reactions, the samples were
amplified using a thermocycler (Veriti 96-Well Thermal
Cycler, Applied Biosystems) as follows: (I) initial
denaturation of the DNA at 94 °C for five minutes;
(11 40 cycles at 94 °C for one minute, annealing for 40
seconds at specific temperatures for each primer (Table 1),
extension for two minutes at 72 °C; (l11) final extension of
the DNA for five minutes at 72 °C.

Validating the protocol in seeds of the Cerrado cashew

After defining the protocol that gave the best results
for extracting the DNA, the methodology was tested on five
seeds from the BGC 676 accession (2019 harvest) collected
in the Brazilian Cerrado in the district of Campos
Belos, Goias (13°00°24” S and 46°36°11” W, altitude 633 m),
to check that it worked with other accessions. The total DNA

Table 1 - ISSR primers used in DNA amplifications of the
CCP 06 clone of Anacardium occidentale L.

ISSR Primers Complete sequence (5’-3") Ta(°C)
1826 (AC),C 47.1
1834 (AG),YT 50.4
1840 (GA),YT 49.2
1846 (CA),RT 50.0

Ta = annealing temperature. Y=C ou T; R=Aou G
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was quantified using the NanoDrop 2000 (Thermo Scientific)
and visualised on 0.8% agarose gel. PCR was carried out
using an ISSR-type marker to validate the methodology using
the 1848 primer (complete sequence 5°-3’: (CA)8RG) under
the PCR conditions described above.

RESULTS AND DISCUSSION

Comparing the sealants and preliminary germination test

After carrying out the preliminary tests, any seeds
that did not germinate were opened for internal analysis,
which showed excessive water absorption, causing the
kernel to rot. The sealants that proved to be hygroscopic,
such as chitosan-based gel and silicone, were therefore
discarded. Between the gypsum and the cementitious
adhesive, the latter resulted in the least loss of germination
potential, with 44% and 67%, respectively.

Definitive germination test

Sixty per cent of the perforated seeds germinated,
compared to 81% of the seeds that were unperforated
(control). There were no inconsistent visual or structural
differences between the plants produced from the
perforated or unperforated seeds. The results, however,
were found to be significant (Table 2), indicating that
statistically there was a difference, despite the germination
percentage being greater than 50%. This shows that
further studies are needed to develop adaptations and
improvements to increase the germination percentage to
levels close to those of unperforated seeds.

Preparing the sample for DNA extraction

Some adaptations were made to the methodologies
in order to improve the results, for example, storing the
endosperm samples in an ultra-low-temperature freezer
at -80 °C to avoid oxidation and maintain integrity until
the start of DNA extraction. After various tests, it was
decided not to use liquid nitrogen on the samples, as it made
maceration difficult due to freezing and the consequent
hardening of the sample inside the microtube. The lysis
solutions were added directly to the microtube, and the

Table 2 - Summary of the analysis of variance: source of variation
(SV) and coefficient of variation (CV) for the germination test.
Source: the author (2023)

SV Germination (%)
Treatment 57.8**
CV (%) 19.2

** Significant at 1% probability by F-test

sample was macerated using an autoclaved plastic pestle for
all the protocols and kits under evaluation. This avoided the
possible contamination or loss of material during transfer
from the crucible to the microtube in the case of maceration
using liquid nitrogen. It is recommended that the operator of
the mini-grinder be trained beforehand to avoid removing
too much endosperm or damaging the seed.

Extracting DNA from the CCP 06 clone

The bands were more defined for the DNA of the
CCP 06 clone extracted with the kits, despite showing
low concentrations when quantified, indicating better
purification (Figure 2 and Table 3).

Variation in DNA quality has also been seen
in other studies using extraction directly from seeds,
but this does not interfere in analyses using molecular
markers. Extractions carried out on barley seeds
provided DNA of medium quality in low concentrations,
but which could be used directly in routine laboratory
analyses (Mon Post et al., 2003). Furthermore, DNA
extracted from the cotyledon tissue of cotton seeds also
showed little variation in yield, but did not prevent the
DNA being used for molecular analysis (Zheng et al., 2015).
The authors also reported that using these methods for
extracting from seeds, it is possible to optimise the time,
operation and extraction of thousands of samples a day.

PCR for checking the viability of the DNA extracted
from the CCP 06 clone

In the tests using ISSR primers carried out on each
of the samples, amplification of the DNA extracted using
the kits gave the best results (Figure 3). However, based
on the 260/280 and 260/230 ratios and the agarose gel, the
quality of the DNA was not very good. This may be due to
the presence of substances that are characteristic of some
plants of family Anacardiaceae and that are partly toxic,
such as flavonoids, particularly biflavonoids, and phenolic
lipids (Correia; David; David, 2006). These compounds
can interfere with molecular analyses using PCR-based
markers (Silva, 2010), and are another factor that can
influence the quality of the result.

The protocol developed by Doyle and Doyle
(1990) and the commercial Wizard Genomic DNA
Purification Kit (Promega) and EasyPure Plant Genomic
DNA Kit (TransGen) resulted in a sufficient quantity of
DNA of acceptable quality. These protocols can therefore
be considered the most suitable for obtaining total DNA
of a quality that will allow future studies, such as analyses
using molecular markers. There is a tendency to choose
commercial kits, as they are faster and do not require the
use of toxic reagents, such as beta-mercaptoethanol and
chloroform. In addition, the cost/benefit ratio should also
be considered when choosing which extraction kit to use.
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Figure 2 - Agarose gel showing the results of total DNA extractions using the protocols and kits tested with the CCP 06 clone of
Anacardium occidentale L.
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1-4: Zheng et al. (2015); 5-7: Doyle and Doyle (1990); 8-11: Wizard Genomic DNA Purification Kit (Promega); 12-15: Wizard PVP - Costa et al. (2015); 16-19:
Ahmad, Ferguson and Southwick (2003); 20-23: CTAB-PVP — Costa et al. (2015); 24-27: EasyPure Plant Genomic DNA Kit (TransGen); 28-30: Quick-DNA
Plant/Seed Miniprep Kit (Zymo). The numbers in each gel column identify the seeds that were used. M: 1Kb molecular weight marker (Promega)

Table 3 - Quantification and evaluation of the quality of the DNA from the CCP 06 clone of Anacardium occidentale L. using the
NanoDrop 2000 (Thermo Scientific)

ID Concentration (ng/pL) 260/280 260/230 ID Concentration (ng/uL)  260/280 260/230
01 217 0.92 0.31 16 19.6 0.95 0.43
02 336.4 1.33 0.44 17 19.9 1.01 0.22
03 310.7 1.46 0.49 18 43.2 0.91 1.07
04 1514 151 0.49 19 21.6 1.2 0.35
05 52.5 1.73 0.69 20 22.3 2.16 2.33
06 301.2 1.86 1.07 21 6.9 2.88 -14.1
07 1074.8 1.55 0.54 22 21.4 2.01 1.89
08 722.4 1.38 0.54 23 10.0 1.77 2.83
09 209.7 1.75 0.95 24 74 2.86 0.2
10 83.2 1.2 0.44 25 25 3.65 1.64
1 392.3 0.9 0.21 26 49.1 1.57 0.77
12 190.5 1 0.27 27 9.0 1.55 1.24
13 50.3 1.25 0.38 28 6.6 -3.74 -0.6
14 75.5 1.08 0.28 29 7 -6.92 0.25
15 158 1.62 0.68 30 6.4 -3.14 -2.68

1-4: Zheng et al. (2015); 5-7: Doyle and Doyle (1990); 8-11: Wizard Genomic DNA Purification Kit (Promega); 12-15: Wizard PVP - Costa et al. (2015); 16-19:
Ahmad, Ferguson and Southwick (2003); 20-23: CTAB-PVP — Costa et al. (2015); 24-27: EasyPure Plant Genomic DNA Kit (TransGen); 28-30: Quick-DNA
Plant/Seed Miniprep Kit (Zymo)
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Figure 3 - Results of the amplifications of DNA from the CCP 06 clone of Anacardium occidentale L. using ISSR primers, for the

different extraction protocols under test
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(TransGen); C) 12-15: Wizard PVP - Costa et al. (2015); 17-19: Ahmad, Ferguson and Southwick (2003); 22-23: CTAB-PVP - Costa et al.
(2015); D) 28-30: Quick-DNA Plant/Seed Miniprep Kit (Zymo). M: 1Kb molecular weight marker (Promega)

Validating the DNA extraction protocol in seeds of the
Cerrado cashew

The Wizard Genomic DNA Purification Kit
(Promega) was the protocol used to extract DNA
from the BGC 676 accession, as it presented the
best cost/benefit ratio. The results for total DNA and
quantification of the five samples extracted from the
BGC 676 accession are shown in Figure 4 and Table 4,
respectively, where it was possible to visualise the
DNA bands for each of the samples. The quality of the
DNA, as indicated by the 260/280 and 230/260 ratios,
was also not a limiting factor for subsequent use in
techniques that use molecular markers.

The viability test of the DNA extracted from
each seed was carried out using PCR with an ISSR-
type marker (1848). Amplification occurred in all
of the samples (Figure 5), showing that the material
can be used for subsequent analyses, such as genetic
divergence.

Figure 4 - Result of DNA extraction from the BGC 676 accession
of Anacardium occidentale L. using the Wizard Genomic DNA
Purification Kit (Promega)

The numbers in each gel column identify the seeds that were used.
M: 1Kb molecular weight marker (Promega)
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Table 4 - Quantification of the DNA from the BGC 676 accession of Anacardium occidentale L. using the NanoDrop 2000 (Thermo Scientific)

ID Concentration (ng/pL) 260/280 260/230
01 157.7 1.81 1.6
02 137.6 1.77 1.56
03 118.9 1.58 0.8
04 1115 1.68 1.24
05 65.2 171 1.24

Figure 5 - Result of PCR with the ISSR 848 primer for DNA
extracted from seeds of the BGC 676 accession of Anacardium
occidentale L. to validate the extraction methodology

The numbers in each gel column identify the seeds that were used.
M: 1 Kb molecular weight marker (Promega)

CONCLUSION

The methodology developed for DNA
extraction from the endosperm of cashew seeds is
non-destructive and effective. Cementitious adhesive
is the recommended type of sealant, allowing a
greater number of perforated seeds to germinate. The
commercial Wizard® Genomic DNA Purification Kit
(Promega) and EasyPure® Plant Genomic DNA Kit
(TransGen) are the most suitable for extracting DNA
from samples of cashew endosperm for use in PCR
techniques based on molecular markers.
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