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Abstract

The root-knot nematode Meloidogyne graminicola is an economically important pest in rice
production. The identification of a nematode species is an important basis in nematode
management to reduce yield losses by extracting nematode DNA as an early step in mo-
lecular identification. This study aimed to investigate the optimal extraction method and
number of M. graminicola for nematode genomic analysis based on PCR (polymerase chain
reaction) and Sanger sequencing. The DNA extraction methods used in this study were the
CTAB, SDS, and commercial kit (GeneAidTM Tissue/Blood DNA Mini Kit). The results
revealed that the three DNA extraction methods could be used to analyze the nematode ge-
nomics based on PCR and Sanger sequencing using one nematode, both in a second-stage
juvenile and a female, equipped with the process of nematode destruction by freezing. This
finding was shown by the amplification of all DNA templates with Mg-F3 and Mg-R2 prim-
ers through PCR with a size of 370 bp, while Sanger sequencing obtained 372 bp.
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Introduction

Plant parasitic nematodes are commonly found in rice-
producing countries, including Indonesia. Some of the
rice parasitic nematodes identified are Hirschmaniella
spp., Aphelenchoides besseyi, and Meloidogyne spp.
(Indarti et al. 2020; Khan and Ahamad 2020). Among
them, M. graminicola is a species that poses a serious
threat to the sustainability of rice production (Khan
and Ahamad 2020). Since first identified in Indone-
sia in 1993 (Netscher and Erlan 1993), the distribu-
tion of the nematode M. graminicola has expanded to
rice production centers in Java Island, Indonesia, such
as Yogyakarta, Bogor, Cirebon, and Sukabumi (Nurjay-
adi et al. 2015), as well as South Sulawesi (Mirsam and
Kurniawati 2018). According to Mirsam and Kurnia-
wati (2018), crop loss due to the attack of M. gramini-
cola is 20-80% in several regions in Southeast Asia.
The first step in controlling rice root-knot nema-
todes is the identification of the nematode species.

Molecular nematode identification is a method to
quickly identify nematode species for research and for
further purposes in determining appropriate nematode
control management (Oliveira et al. 2020). An impor-
tant step in the molecular identification of plant para-
sitic nematodes is the extraction of nematode DNA.
Each DNA extraction method has different effects on
the quality and quantity of DNA produced. The extrac-
tion procedure affects the real-time PCR (polymerase
chain reaction) amplification and the quality of the
DNA template is also a crucial factor in conventional
PCR for diagnosis (Trzewik et al. 2016). The DNA yield
is influenced by many factors, including the organism
species, the extracted tissue, the preservation method,
the extraction procedure, and the deposition method.
The ideal extraction method should optimize DNA
yield, minimize DNA degradation, and be efficient in
terms of cost, time, labor, and supplies. In addition,
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a good extraction method should also be suitable for
extracting many samples and producing minimal haz-
ardous waste (Chen et al. 2010).

The number of nematode cells increases along with
the development of nematode stages (Oliveira et al.
2020). Furthermore, the size of nematodes is quite
small, thus limiting their genetic material to be ob-
tained through DNA extraction for molecular identi-
fication. Accordingly, the collected samples are impor-
tant in providing the basis for the construction of the
nematode genome, yet currently, there is no standard
method for extracting high-quality DNA from indi-
vidual nematodes (Sloan et al. 2021). A large number
of nematodes in the extraction process causes genetic
variations of nematodes within a species, hence re-
quiring efforts to use a minimal number of nematodes
to prevent genetic variations. Lastly, it is necessary to
study the optimization of DNA extraction methods
with variations in the number of nematodes and nem-
atode stadia.

Polymerase chain reaction (PCR) is a widely used
tool in molecular biology to generate multiple copies
of nucleic acids from initial DNA templates. The am-
plified nucleic acids are then expected to serve differ-
ent purposes, such as detection, quantification, prepa-
ration of data for sequencing, or generating constructs
for cloning (Jue et al. 2020). Furthermore, PCR has the
main principle of DNA amplification, so it can be used
for detection and identification at the species level. It
also has specificity, and high sensitivity, thus it is fast
for identification techniques (Farmawati et al. 2015).
DNA sequencing aims to determine the sequence of
nitrogenous bases (adenine, guanine, cytosine, and
thymine) in a DNA sample (Tasma 2015). Cycle se-
quencing of PCR products is a fast and convenient
method with a wide range of practical applications. In
this study, three methods of DNA extraction were tested
(CTAB - cetyltrimethylammonium bromide; SDS - So-
dium dodecyl sulfate, and commercial kit), with varia-
tions in the number and stadia of nematodes (females
and second-stage juveniles) to obtain the best results in
terms of quality and quantity of DNA and to be used for
genomic analysis using PCR and Sanger sequencing.

Materials and Methods

The research was conducted from December 2021
to April 2022 at the Sub-Laboratory of Agricultural
Nematology and Sub-Laboratory of Applied Entomol-
ogy, Laboratory of Plant Pest Science, Department of
Plant Pests and Diseases, Faculty of Agriculture, Gad-
jah Mada University, Special Region of Yogyakarta, In-
donesia. Samples were obtained from three regions in
the Special Region of Yogyakarta: Ngemplak, Berbah,
and Sewon.

Nematode extraction

Meloidogyne graminicola was sampled from infected
rice plant roots in the center of rice production in the
Special Region of Yogyakarta, Indonesia. Second-stage
juvenile nematodes were extracted from rice roots
using a modified Whitehead Tray method (Southey
1986). Female nematodes were isolated from symp-
tomatic roots using needle preparations to separate
them from the roots of their host plants. The nema-
todes were hooked up and put into a 1.5 ml Eppendorf
tube containing 50 ul of distilled water. Variations in
the number of nematodes were used: 1, 5, and 10, both
second-stage juveniles and females. Then the freezing
process was carried out by storing in a refrigerator at
-20°C for 24 hours. After freezing, the process was
continued by crushing with a micro pestle to facilitate
nematode destruction. Based on research by Xin et al.
(2021), physical treatment such as freezing increases
the efficiency of the cell lysis process in DNA extrac-
tion and increases DNA concentration compared to
chemical treatment. The samples were then processed
according to the protocol of each method used as fol-
lows:

DNA extraction

Commercial kit

The commercial extraction kit used in this study was
the GeneAid™ Tissue/Blood DNA Mini Kit (Geneaid
Biotech Ltd., Taipei, Taiwan). The nematode sample
that had been destroyed was then added to 600 pl of
Cell Lysis Buffer (GT buffer from kit) and homog-
enized. Next, 20 ul of Proteinase K was added to the
tube, homogenized, and then incubated at 60°C for
30 minutes. Every 10 minutes, the tube was shaken to
distribute the temperature evenly. After the incubation
process, the protein removal step was carried out by
adding 200 ul of protein removal buffer (GBT bufter
from kit), then homogenized for approximately 10 se-
conds, and incubated at 60°C for 20 minutes.

The DNA precipitation step was performed by add-
ing 200 pl of absolute ethanol. The solution was then
transferred to the GS column from the kit, which
had been placed in the collection tube and then cen-
trifuged at 15,000 rpm for 2 minutes. The collection
tube was next removed and replaced with a new one.
Then 400 pl of wash buffer (W1 buffer from the kit)
was added to clean the resulting pellet. Next, it was
recentrifuged at 15,000 rpm for 30 seconds. The solu-
tion in the collection tube was removed, and the GS
column was placed back in the collection tube. Cen-
trifugation was repeated at 15,000 rpm for 3 minutes
to dry the column matrix. The GS column was placed
in a new 1.5 ml tube. The preheated 30 ul elution buft-
er was inserted into the center of the column matrix,
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incubated for at least 5 minutes, and then centrifuged
at 15,000 rpm for 60 seconds. Lastly, the suspension
in 1.5 ml tubes was ready to be used for the next step
or stored at —20°C (available at: https://geneAid.com/
data/files/1605685391109197921.pdf).

Cetyltrimethylammonium bromide (CTAB) 2% lysis
buffer

The crushed nematode samples were added to 200 pl
of CTAB buffer solution and incubated at room tem-
perature for an hour. After that, it was incubated at
65°C for 30 minutes using a water bath, and shaken
every 10 minutes to even out the temperature of
the suspension. The sample was then centrifuged at
2,400 rpm for 5 minutes before being homogenized
for 1-3 minutes with Chloroform Isoamyl Alcohol
(CIAA). The extraction process was continued by cen-
trifugation of the sample at 9,600 rpm for 15 minutes.
The supernatant was separated in a new 1.5 ml Eppen-
dorf tube, and then cold absolute ethanol (2x the vol-
ume of the supernatant) was added. Samples were next
incubated at —-20°C for 24 hours. After incubation, the
samples were centrifuged at 9,600 rpm for 15 minutes,
and the ethanol was removed. Then, 1 ml of cold 70%
alcohol was added to the Eppendorf tube and the tube
was inverted, followed by centrifugation of 9,600 rpm
for 15 minutes. The ethanol was removed and the pel-
let was dried for 3 hours. After drying, 30 ul of TE solu-
tion was added and homogenized. The extracted DNA
were stored at —20°C.

Sodium dodecyl sulfate (SDS) 1% lysis buffer

The nematode sample that had been crushed was
added to the 1% SDS buffer solution according to
the study of Mondino et al. (2015) with some adjust-
ments [SDS lysis buffer solution contains 1% sodium
dodecyl sulfate (SDS), 50 mm EDTA, 100 mm NaCl,
100 ug - ml™ proteinase K, 1% B-mercaptoethanol and
100 mm Tris-HCI pH 8.5]. Then, it was incubated at
60°C for 30 minutes.The supernatant was transferred
to a new tube, and the CIAA solution was added. The
sample was centrifuged at 10,000 rpm for 15 minutes.
The supernatant was taken and separated in a new
1.5 ml Eppendorf tube, and cold absolute ethanol (2x
the volume of the supernatant) was added to a new
Eppendorf tube. The sample was incubated at -20°C
for 24 hours. After incubation, the sample was centri-
fuged at 10,000 rpm for 15 minutes, then the ethanol
was removed and the DNA pellet was stored. After
that, 1 ml of 70% cold alcohol was added to the Ep-
pendorf tube. The Eppendorf tube was inverted and
centrifuged at 10,000 rpm for 15 minutes, then the
ethanol was removed, and the pellets were air dried
for 3 hours. After drying, 30 pl of TE solution was
added and homogenized. The extracted DNA were
stored at —-20°C.
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DNA quantity-quality

Analysis of the quantity and quality of nematode DNA
in the extracted samples was carried out using a Na-
noDrop™ Spectrophotometer. The quantity of DNA
from the extraction was obtained in units of ng - pl™.
The purity of the DNA was calculated using a spectro-
photometer with a wavelength ratio of 260 nm/280 nm
(A260/280). For each treatment, DNA quality and
quantity data were obtained from the spectrophoto-
meter (Maestrogen ™ MaestroNano Pro). The DNA
quantity and quality data obtained from the spectro-
photometer were then processed using the split plot
CRD design using the STAR (statistical tool for agri-
cultural research) application. If significant differences
were present, further tests were carried out using the
least significant different (LSD) test (p = 0.05). LSD test
is an advanced procedure to determine which treat-
ment is significantly different if the null hypothesis is
rejected (Montgomery 2011).

DNA amplification

The extracted nematode DNA was then amplified
using a PCR (BioRad™ T100 ThermalCycler) with
a specific primer for the nematode M. graminicola
(Mg-F3 5"-TTATCGCATCATTTATTTG-3' and Mg-
R2 5-CGCTTTGTTAGAAAATGACCCT-3") with
an amplified target fragment of 369 bp, which was in-
corporated into the ITS fragment section (Htay et al.
2016). The PCR program was set with an initial de-
naturation at 94°C for 2 minutes, then followed by
35 cycles with the following steps: denaturation at
94°C for 15 seconds, annealing at 50°C for 30 seconds,
and extension at 68°C for 60 seconds. The final syn-
thesis was carried out at 68°C for 5 minutes at a final
temperature of 4°C. The amplified product was then
electrophoresed on 1% agarose gel and then visualized
on a UV transilluminator (Reddy and Raju 2012). The
final step of the PCR process was electrophoresis to
visualize the result using a UV transilluminator (Bio-
Rad™ UV Transiluminator 2000).

Sequencing and molecular phylogenetic
analysis

DNA sequencing was conducted by sending the PCR
product to the Laboratory of Integrated Research
and Testing, Gadjah Mada University, Yogyakarta,
Indonesia. The results were analyzed using the basic
local alignment search (BLAST) tool on the website
of the National Center for Biotechnology Informa-
tion (NCBI). The nucleotide sequences obtained were
then analyzed using Clustal W multiple alignments on
Bioedit software. The relationship between isolates was
constructed using the Molecular Evolutionary Genetic
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Analysis (MEGA11) software with a maximum likeli-
hood approach (Rahman et al. 2018). Furthermore,
GenBank genomic data was used to identify most spe-
cies of plant parasitic nematodes (Nisa et al. 2022). In
addition, the sequencing data results were also ana-
lyzed using electropherogram and nitrogen base se-
quence.

Results

DNA quantity-quality

The concentration values obtained from the extrac-
tion of DNA using three methods and variations
in the number and stadium of nematodes revealed

53

varying concentrations and purity of nematode DNA
(Table 1, 2, 3). Overall, SDS DNA extraction method
showed the highest DNA concentration both in juve-
nile and mature female stages (Table 1). DNA extrac-
tion using commercial kits tended to have a low con-
centration yield compared to the other two methods
(CTAB and SDS) in both female and juvenile stages.

For the purity value, commercial kits, SDS, and
CTAB at each stage, and the number of nematodes
tested, met the criteria for good DNA quality. The ab-
sorbance values were in the range of 1.8-2.0 (Table 3).
The values of purity in each extraction result were not
significantly different. They also fulfilled the criteria for
pure extraction results since they had passed the thresh-
old for RNA contaminant levels (A260/A280 >2.00) and
protein contaminant levels (A260/A280 <1.80).

Table 1. Pairwise mean comparison of extraction methods in extracted DNA concentration (ng - pl™")

Female Juvenile
Extraction number of nematodes extraction number of nematodes
methods 1 5 10 X2 methods 1 5 10 X2
CTAB 27.96 53.87 41.30 41.04b CTAB 12.74 16.81 22.86 1747 b
SDS 38.72 55.52 40.37 4487 a SDS 42.72 45.64 56.09 48.15a
Kit 443 4.89 4.89 4.74 c Kit 4.87 5.75 5.87 550c¢
x1 23.70b 38.09a 28.85ab x1 20.11a 2273 a 28.27 a

Values followed by the same letter for each row and column were not significantly different according to quantitative factorial set (p = 0.05), n = 3
replications; CTAB - cetyltrimethylammonium bromide; SDS - sodium dodecyl sulfate; X1 - the average of DNA concertration of each number of nama-
todes with different DNA extraction methods; x2 - the average of DNA concentration for each DNA extraction methods with different number of nema-

todes

Table 2. Comparison of extraction methods at each level of number of nematodes in concentration per individual extracted nematode

(ng - pl™)
Juvenile Female
Extraction number of nematodes extraction number of nematodes
methods 1 5 10 methods 1 5 10
CTAB 2796 b 10.77 a 413 a CTAB 2796 b 10.77 a 413 a
SDS 42.72c 9.13b 5.609a SDS 38.72c 11.10b 4.04a
Kit 4.87 a 1.15a 0.587 a Kit 443 a 0.98 a 049a

Values followed by the same letter for each row and column were not significantly different according to quantitative factorial set (p = 0.05), n = 3
replications; CTAB - cetyltrimethylammonium bromide; SDS - sodium dodecyl sulfate

Table 3. Comparison of extraction methods at each level of number of nematodes in DNA purity (A260/280)

Female Juvenile
Extraction number of nematodes extraction number of nematodes
methods 1 5 10 methods 1 5 10
CTAB 1.95 1.95 1.8 CTAB 1.87 1.90 1.94
SDS 1.89 1.95 1.87 SDS 1.85 1.85 1.92
Kit 1.90 1.91 1.87 Kit 1.89 1.84 1.85

CTAB - cetyltrimethylammonium bromide; SDS - sodium dodecyl sulfate
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The results of the nematode DNA extraction us-
ing the SDS and the commercial kit methods did not
show a significant difference in the results of the DNA
concentration values at the nematode stadia tested,
both female and second-stage juvenile nematodes. The
CTAB method of different stadia showed a significant
difference in the concentration of DNA produced. The
SDS method produced the highest DNA concentration
compared to the other two extraction methods (com-
mercial kit and CTAB) (Table 2). Each DNA extrac-
tion method, commercial kit, CTAB, or SDS, resulted
in the highest concentration of nematode DNA in the
amount of one extracted nematode and the lowest con-
centration yield per individual was found when using
10 extracted nematodes (Table 3).

DNA amplification

All extraction methods at all stadia and variations in
the number of nematodes used were able to amplify
well at 370 bp as targeted even though there were some
thin bands (SF1) and smears (CJ1, CJ5, CJ10, CFl1,
CF5, and CF10) (Fig. 1).

Sequencing and molecular phylogenetic
analysis

The results of DNA extraction using the commercial
kit method with one second-stage juvenile nematode
had the lowest number of bases (Table 4) and obtained
bases with poor amplification results, indicated by the
presence of red bars of 46 and 36 bases, yellow bars
of 27 and 23 bases, and HiSQV values of 275 and 285
on the sequencing results using forward (Mg-F3) and

reverse (Mg-R2) primers. The CTAB and SDS meth-
ods had the highest number of bases compared to the
commercial kit method.

Figure 2 revealed the phylogenetic tree of the
M. graminicola sample (from Sewon, Ngemplak, and
Berbah) with several M. graminicola in other regions
as well as several species from other Meloidogyne
genera. M. graminicola sampled from Sewon and Ber-
bah had a closer relationship than M. graminicola from
Ngemplak.

Discussion

DNA extraction is an important process in molecular
biologyand a fundamental step for initiating other steps
such as sequencing, amplification, hybridization, liga-
tion, cloning, and biodetection. Previous researchers
have studied DNA extraction for potential applica-
tions, e.g., disease diagnosis, pathogen detection, and
gene therapy (Min et al. 2014). The yield and quality of
genomic DNA (gDNA) are the determinants before se-
quencing in the identification process of plant parasitic
nematodes. On the other hand, extraction of nematode
DNA is not easy because of the thick nematode cuticle
layer (460 nm) and is resistant to chemical, enzymatic,
and mild physical disturbances (Seesao et al. 2014).
The method of extracting the DNA of the nematode
M. graminicola in this study was initiated by freezing
the isolated nematode suspension in a 1.5 ml Eppen-
dorf tube. The freezing process was carried out using
an additional 50 pl dH2O. The function of the freezing
process in this early stage was to facilitate the grinding

Table 4. Quality value (QV) analysis of sequencing results by three extraction methods with different nematode stages

Extraction . Number of amplified base pairs Total base
hod Stage Primer lified
methods red bar yellow bar blue bar HisSQV ampline
Mg-F3 26 12 306 306 344
juvenile
Mg-R2 19 5 316 316 340
CTAB
Mg-F3 26 4 313 313 343
female
Mg-R2 21 18 301 301 340
Mg-F3 26 11 307 309 344
juvenile
Mg-R2 21 8 312 312 341
SDS
Mg-F3 26 16 297 299 339
female
Mg-R2 40 28 272 274 340
Mg-F3 46 27 271 275 344
juvenile
Mg-R2 36 23 284 285 343
Commercial Kit
Mg-F3 22 14 306 306 342
female
Mg-R2 38 7 297 298 342

Note: juvenile - second-stage juvenile
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Fig. 1. Visualization of PCR results using specific primers Mg-F3 and Mg-R2 on the treatments of three extraction methods: CTAB - A,
SDS - B, and commercial kit — C, the nematode stage, and the number of Meloidogyne graminicola. M — marker 100 kb; C - CTAB;
S - SDS; K - commercial kit; J - second-stage juvenile; F - female; 1, 5, and 10 - the number of nematodes

Meloidogyne graminicola Berbah, Bantul, Indonesia

82 Meloidogyne graminicola Sewon, Bantul, Indonesia

KR604738.1

47| — MN969934.1
100

— OK042296.1

— OM68996.1

— ON271410.1

— OMB854803.1

— ON150878.1

Meloidogyne graminicola Ngemplak, Sleman, Indonesia
MT150600. Meloidogyne graminicola Fujian, China
— MW406936.1 Meloidogyne graminicola Ho chi Min City, Vietnam
Meloidogyne graminicola Myanmar
Meloidogyne javanica
Meloidogyne arenaria
Meloidogyne enterolobi
Meloidogyne incognita
Meloidogyne hapla

Meloidogyne hapla

Fig. 2. Maximum likelihood phylogenetic tree of Meloidogyne graminicola from Sewon, Ngemplak, and Berbah (in bold) with other

M. graminicola and other species

process of nematodes since grinding the frozen sus-
pension more easily destroys the nematode body and
can facilitate the process of removing DNA from the
nematode body cells. Based on the research that has
been done by Xin et al. (2021) it has been stated that
physical treatment such as freezing can increase effi-
ciency in the cell lysis process in DNA extraction and
can increase DNA concentration compared to chemi-
cal treatment.

Concentration results of this research were consist-
ent with the research by Chen et al. (2010) who showed

that the SDS and CTAB methods, which use buffers
prepared in the laboratory, result in a higher level of
DNA vyield than commercial kits. Trzewik et al. (2016)
also obtained higher quality and quantity of DNA that
was suitable for conventional PCR and real-time PCR
amplification with the CTAB based extraction method
than the commercial kit method. However, in terms of
the time needed for the extraction of nematode DNA,
the commercial kit requires less time (approximately
1.5-2 hours per extraction process) than CTAB and
SDS methods.
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The low level of DNA purity might be caused by
the high level of measurable impurities such as pro-
teins that are not completely degraded. Contamination
caused by protein might come from cell components
that were not lysed during the isolation process or
from phenol, as an ingredient added to the isolation
process to precipitate DNA. Additionally, the low level
of purity might also be caused by the presence of other
impurity components, e.g., RNA, lipids, and polysac-
charides (Alaey et al. 2005).

The yield of DNA extraction is influenced by many
factors such as species, tissue, preservation meth-
od, extraction procedure, and deposition method
(Chen et al. 2010). The highest DNA concentration
is produced by the SDS method which could be be-
cause the SDS method employs Proteinase K and
B-mercaptoethanol in a 1% SDS lysis buffer. Protei-
nase K alone is commonly used for DNA extraction
research with different methods. Smaha et al. (2019)
also used Proteinase K for their DNA extraction proc-
ess. According to Braun-Kiewnick and Kiewnick
(2018), lysis buffer containing Proteinase K and/or
B-mercaptoethanol improves DNA extraction because
these two materials allow protein degradation and cell
wall building. In the DNA extraction process, SDS is
an anionic detergent to lyse cells and nuclei to release
RNA and DNA. In addition, enzymes such as nuclease,
ribonuclease (RNase) and deoxyribonuclease (DNase)
activity will also be inhibited by SDS (Farrell 2010).
In the DNA extraction process, the commercial kit
method uses only Proteinase K and the CTAB method
uses only B-mercaptoethanol. High concentrations of
CTAB were also used to disrupt cell and nuclear mem-
branes to expose genetic components (Amani et al.
2011). In this method, the CTAB buffer also contained
2-B-mercaptoethanol which successfully removed the
polyphenols (Aboul-Ftooh et al. 2019).

The more nematodes extracted, the lower the con-
centration of DNA produced (Table 2). Because of the
large number of nematodes required in the extraction
of nematode DNA it might fail the extraction process.
The more nematodes which are extracted, could mean
that the nematodes have not been extracted com-
pletely so that the concentration of DNA produced
is not optimal. Whereas using one nematode, the
cell lysis process and DNA extraction can run opti-
mally. According to Natarajan et al. (2016), the high
concentration of DNA obtained from the CTAB and
SDS DNA extraction methods might be caused by the
presence of an extraction buffer containing more ani-
onic and cationic surfactants, which allowed the iso-
lation of the adsorbed DNA. Although the quantity
of DNA produced from the extraction method using
a commercial kit was less than the other two DNA ex-
traction methods (CTAB and SDS), the commercial kit
method can be carried out in a short amount of time
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as it only takes 1.5-2 hours to complete one extraction
process.

The DNA extraction process using the CTAB and
SDS methods takes a long time since these methods re-
quire a longer time for the DNA precipitation process
(8-24 hours) than the commercial kit. The advantages
of the SDS and CTAB methods from this study are that
they are cheaper and can produce high DNA concentra-
tions. Regardless, the CTAB and SDS methods require
more time to carry out a long extraction procedure,
particularly in the DNA precipitation time. Besides, the
CTAB and SDS methods require more effort because
the reagent solutions used in this extraction method
must be prepared first. The commercial kit method is
faster and simpler than the other extraction methods
since all the ingredients used for extraction are already
available in a set of DNA extraction kits. Yet, because of
this convenience, the commercial kit costs more. The
extraction method used depends on the objective use
of the DNA results and also on the target nematode
species (Braun-Kiewnick and Kiewnick 2018).

PCR primers can be quite specific and sensitive
(one female or juvenile provides a sufficient amount
of DNA for analysis). The only important prerequi-
site is to have a sufficient number of PCR cycles. This
could be due to the small amount of target DNA in
each sample. All tested source materials contained
target DNA (isolated female, roots, soil) and different
DNA extraction methods, including simplified proto-
cols, which could be used for detection (Tesarova et al.
2003). Suparningtyas et al. (2018) stated that the smear
formed in the isolation process indicated that there had
been degradation or fragmentation of genomic DNA
during the isolation process. Although the value of the
DNA concentration produced by the commercial kit
extraction method for both second-stage juveniles and
females had the lowest value, its results could be used
for PCR purposes as indicated by the band formed on
the electrophoresis results.

To investigate the quality of the data obtained from
the electropherogram the quality value (QV) is ob-
served. QV is a basic estimate of base caller accuracy.
Obtaining the QV of the sequencing data can be done
by observing the bars formed from the sequencing
data (Travers et al. 2010). The colored bars resulting
from the visualization of the electropherogram indi-
cate the level of confidence in the base call. The height
of the bar is relatively proportional to the score. The
blue bar indicates the QV prediction error rate of 20
or 1% for the base call at that position. The yellow
and red bars represent QV 20 (SenGupta and Cook-
son 2010). Accordingly, blue bars indicate a good re-
sult. The blue color has a high-quality pure base that
is formed at least 99% pure, thus the nitrogen base is
read correctly. Yellow and red bars (worse than yellow)
mean the invalidation of the base calling algorithm.
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Bases with these values can still be read correctly.
Good quality sequencing data is characterized by well-
defined peak resolution and poor resolution of the first
10-25 bases, yet still acceptable (Eurofins Genom-
ics, 2019). Poor resolution of bases can be caused by
primer excess during the PCR cycle. Currently there
are many methods to reduce noise due to primer carry
over. This method assumes that the excess primer is
present in free single-stranded form and can be eas-
ily purified or digested away from double-stranded
PCR products and substantially higher in molecular
weight. However, primers have the potential to form
intermolecular and intramolecular structures, de-
pending on the primer sequence and salt concentra-
tion, which can significantly affect the ability to sepa-
rate primers from PCR products using this method
(SenGupta and Cookson 2010). Additionally, most se-
quencing methods require adding an adapter sequence
to the end of the DNA fragment, and there are many
different strategies for adding it. For double-stranded
DNA sequencing, adapters can be added either by
DNA fragmentation followed by ligation or by the in-
troduction of transposon-based adapters (Enroth et al.
2019).

In summary, the three DNA extraction methods,
namely, CTAB, SDS, and commercial kits at each stage
(second stage juvenile and female) could be used to de-
termine nematode genomics based on PCR and Sanger
sequencing, using only one nematode. The disadvan-
tage of both SDS and CTAB methods is that they take
a long time (for DNA precipitation), but both meth-
ods have the advantage of producing high concentra-
tions and requiring more affordable costs. While the
advantages of the extraction method using the com-
mercial kit are that it requires a relatively short time
for extraction, it has the disadvantage of low DNA
concentration. In this regard, further research can be
carried out considering that there are still many DNA
extraction methods that have not been carried out in
this study.

Conclusions

The commercial kit, CTAB, and SDS methods can be
used for the extraction of root-knot nematode DNA.
All of the DNA extraction methods from M. gramini-
cola for PCR and Sanger sequencing based genomic
analysis can be started with freezing treatment. If it
takes a short time to get the extraction results, it can
be done using DNA extraction using a commercial kit,
but if there are limited costs and available time, DNA
extraction using the CTAB and SDS methods can also
be done.

Acknowledgement

The authors would like to thank Gadjah Mada Uni-
versity for research funded by RTA (Rekognisi Tugas
Akhir-Student Final Project Recognition) with Con-
tract No. 3550/UN1.PIII/Dit-Lit/PT.01.05/2022.
References

Aboul-Ftooh N., Maaty A., Oraby H.A.S. 2019. Extraction of
high-quality genomic DNA from different plant orders ap-
plying a modified CTAB-based method. Bulletin of the Na-
tional Research Centre 43: 25. DOI https://doi.org/10.1186/
$42269-019-0066-1

Alaey M., Naderi R., Verzaei A., Khalighi A., Salami A. 2005.
Comparing study betweenfour different methods of ge-
nomic DNA extraction from Cyclamen persicum Mill. Inter-
national Journal of Agriculture and Biology 7 (6): 882-884.

Amani J., Kazemi R., Abbasi A.R., Salmanian A.H. 2011.
A simple and rapid leaf genomic DNA extraction method
for polymerase chain reaction analysis. Iranian Journal of
Biotechnology 9 (1): 69-71.

Braun-Kiewnick A., Kiewnick S. 2018. Real-time PCR: A great
tool for fast identification, sensitive detection and quanti-
fication of important plant-parasitic nematodes. European
Journal of Plant Pathology 152: 271-283. DOL: https://doi.
org/10.1007/s10658-018-1487-7

Chen H., Rangasamy M., Tan S.Y., Wang H., Siegfried B.D. 2010.
Evaluation of five methods for total DNA extraction from
Western corn rootworm beetles. PLoS ONE, 5:€11963. DOL:
https://doi.org/10.1371/journal.pone.0011963

Enroth C.H., Fehler A.O., Poulsen L.D., Vinther J. 2019. Excess
primer degradation by Exo I improves the preparation of
3' cDNA ligation-based sequencing libraries. BioTechniques
67:110-116. DOL: https://doi.org/10.2144/btn-2018-0178

Eurofins Genomic. 2019. DNA sequencing results guide. Euro-
fins Genomics. Anzinger Str. 7a I 85560 Ebersberg I Ger-
many.

Farrell R.E. 2010. RNA Methodologies: A Laboratory Guide
for Isolation and Characterization. 4th edition. Academic
Press is an imprint of Elsevier, 191 pp. DOL: https://doi.org/
10.1016/C2009-0-01850-9

Farmawati D.A., Wirajana LN., Yowani S.C. 2015. Perbandingan
kualitas dna dengan menggunakan metode boom original
dan boom modifikasi pada isolat Mycobacterium tuberculo-
sis. Jurnal Kimia [Journal of Chemistry] 9 (1): 41-46. DOL
https://doi.org/10.24843/JCHEM.2015.v09.i01.p07

Htay C., Peng H., Huang W., Kong L., He W.,, Holgado R.,
Peng D. 2016. The development and molecular characteri-
zation of a rapid detection method for rice root-knot nema-
tode (Meloidogyne graminicola). European Journal of Plant
Patholology 146: 281-291. DOI: https://doi.org/10.1007/
$10658-016-0913-y

Indarti S., Soffan A., Andrasmara M.M.E 2020. Short commu-
nication: first record of Hirschmanniella mucronata (Nema-
toda: Pratylenchidae) in Yogyakarta, Indonesia. Biodiver-
sitas 21: 2068-2073. DOI: https://doi.org/10.13057/biodiv/
d210533

Jue E., Witters D., Ismagilov R.E 2020. Two-phase wash to solve
the ubiquitous contaminant-carryover problem in commer-
cial nucleic-acid extraction kits. Scientific Reports 10: 1940.
DOL: https://doi.org/10.1038/s41598-020-58586-3

Khan M.R., Ahamad F. 2020. Incidence of root knot nematode
Meloidogyne graminicola and resulting crop losses in paddy
rice in Northern India. Plant Disease 104: 186-193. DOL:
https://doi.org/10.1094/PDIS-12-18-2154-RE

Min J.H., Woo M.K,, Yoon H.Y,, Jang JW,, Wu ].H,, Lim C.S,,
Kim Y.K. 2014. Isolation of DNA using magnetic nano-
particles coated with dimercaptosuccinic acid. Analytical



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

58 Journal of Plant Protection Research 63 (1), 2023

Biochemistry 447: 114-118. DOI: https://doi.org/10.1016/j.
ab.2013.11.018

Mirsam H., Kurniawati F 2018. Laporan pertama di Sulawesi
Selatan: karakter morfologi dan molekuler nematoda puru
akar yang berasosiasi dengan akar padi di Kabupaten Wajo,
Sulawesi Selatan. Jurnal Perlindungan Tanaman Indonesia
22:58-65. DOL: https://doi.org/10.22146/jpti.33108

Mondino E.A., Covacevich E, Studdert G.A., Pimentel J.P, Ber-
bara R.L.L. 2015. Extracting DNA of nematodes commu-
nities from Argentine Pampas agricultural soils. Anais da
Academia Brasileira de Ciéncias 87: 691-697. DOI: https://
doi.org/10.1590/0001-3765201520130110

Montgomery D.C. 2011. Design and Analysis of Experimen. 7th
edition. JThon Wiley & Sons, New York, USA.

Natarajan V.P, Zhang X., Morono Y., Inagaki F.,, Wang F. 2016.
A modified SDS-based DNA extraction method for
high quality environmental DNA from seafloor environ-
ments. Frontiers in Microbiology 7: 986. DOI: https://doi.
org/10.3389/fmicb.2016.00986

Netscher C., Erlan A. 1993. Root-knot nematode, Meloidogyne
graminicola, parasitic on rice in Indonesia. Afro-Asian Jour-
nal of Nematology 3: 90-95.

Nisa R.U,, Tantray A.Y., Shah A.A. 2022. Shift from morpho-
logical to recent advanced molecular approaches for the
identification of nematodes. Genomics 114: 110295. DOI:
https://doi.org/10.1016/j.ygen0.2022.110295

Nurjayadi M.Y., Munif A., Suastika G. 2015. Identifikasi nema-
toda puru akar, Meloidogyne graminicola, pada tanaman
padi di Jawa Barat. Jurnal Fitopatologi 11: 113-120. DOL:
https://doi.org/10.14692/jfi.11.4.113

Oliveira C.M., Souza Junior I.T., Almeida N.O., Feritas M.A.,
Rocha M.R., Petrofeza S. 2020. Development of quantitative
detection method for Meloidogyne incognita by qPCR. Bio-
science Journal 36: 76-86. DOI: https://doi.org/10.14393/
BJ-v36n1a2020-42265

Rahman R.M., Munif A., Kurniawati F. 2018. Deteksi dan iden-
tifikasi nematoda Aphelenchoides besseyi dari benih padi.
Jurnal Fitopatologi Indonesia 14: 39. DOI: https://doi.or-
g/10.14692/j1.14.2.39

Reddy PR., Raju N. 2012. Gel Electrophoresis and Its Appli-
cations, Gel Electrophoresis — Principles and Basics. Dr.
Sameh Magdeldin (ed.). ISBN: 978-953-51-0458-2. InTech
[Available on: http://www.intechopen.com/books/gelelec-
trophoresis-principles-and-basics/gel-electrophoresis-and-
its-applications]

Seesao Y., Audebert C., Verrez-Bagnis V., Merlin S., Jerome M.,
Viscogliosi E., Dei-Cas E., Aliouat-Denis C.M., Gay M.
2014. Monitoring of four DNA extraction methods upstre-
am of high-throughput sequencing of Anisakidae nemato-

des. Journal of Microbiological Methods 102: 69-72. DOI:
https://doi.org/10.1016/j.mimet.2014.05.004

Sengupta D.J., Cooksoon B.T. 2010. A general approach for im-
proving cycle-sequencing that facilitates a robust one-step
combined amplification and sequencing method. Journal
of Molecular Diagnostics 12 (3): 272-277. DOI: https://doi.
org/10.2353/jmoldx.2010.090134

Sloan S., Jenvey C.J., Piedrafita D., Preston S., Stear M.J. 2021.
Comparative evaluation of different molecular methods for
DNA extraction from individual Teladorsagia circumcincta
nematodes. BMC Biotechnology 21: 35. DOL https://doi.
org/10.1186/512896-021-00695-6

Smaha D., Mokrini FE, Imren M., Mokabli A., Dababat A.A.
2019. Morphological and molecular identification of cyst
nematode species (Heterodera spp.) in Algerian cereal fields.
Journal of Plant Protection Research 59 (3): 400-411. DOI:
https://doi.org/10.24425/jppr.2019.130809

Southey J.E. 1986. Laboratory Methods for Work with Plant and
Soil Nematodes. Her Majesty’s Stationary Office, London,
UK.

Suparningtyas J.E.,, Pramudyawardhani O.D., Purwoko D., Ta-
juddin T. 2018. Analisis filogenetik beberapa klon karet
dengan marka AFLP (Amplified Fragment Length Polymor-
phism). Jurnal Bioteknologi & Biosains Indonesia 5 (1):
8-19. DOL: https://doi.org/10.29122/jbbi.v5i1.2544

Tasma I.M. 2015. Pemanfaatan teknologi sekuensing genom
untuk mempercepat program pemuliaan tanaman. Jurnal
Penelitian dan Pengembangan Pertanian 34 (4): 159-168.
DOT: http://dx.doi.org/10.21082/jp3.v34n4.2015.p159-168

Tesarova B., Zouhar M., Prysanek P. 2003. Development of PCR
for specific determination of root knot nematode (Meloido-
gyne incognita). Plant Protection Science 39: 23-28. DOL:
https://doi.org/10.17221/3823-PPS

Travers K.J., Chen-Shan Chin, Rank D.R., Eid J.S., Turner S.W.
2010. A flexible and efficient template format for circular
consensus sequencing and SNP detection. Nucleic Acids
Research 38 (15): 1-8. DOL: https://doi.org/10.1093/nar/
gkq543

Trzewik A., Nowak K.J., Orlikowska T. 2016. A simple method
for extracting dna from rhododendron plants infected with
phytophthora spp. for use in pcr. Journal of Plant Protection
Research 56 (1): 104-109. DOI: https://doi.org/10.1515/
jppr-2016-0014

Xin Y., Xie J., Nan B., Tang C., Xiao Y., Wu Q,, Lin Y,, Zhang X,
Shen H. 2021. Freeze-Thaw pretreatment can improve ef-
ficiency of bacterial DNA extraction from meconium.
Frontiers in Microbiology 12: 75368. DOI: https://doi.
org/10.3389/fmicb.2021.753688



