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Abstract: This study was carried out to evaluate the effect of temperature
during storage of maize leaves and extracted DNA on its quality and quantity in
order to be efficiently amplified using PCR. Leaves were collected from the four-
week-old plants and divided into three groups of 20 samples. The first group of
leaves was processed immediately, while the other two were stored at -20°C or -
80°C for 30 days. The DNA extracted from the fresh leaves was divided into three
portions with the first being amplified immediately and the other two were stored
at -20°C or -80°C for 30 days. The DNA quality and quantity were examined using
a biospectrometer, after which the samples were diluted for the PCR assay. The
quality of all DNA samples was at an acceptable level with their average ODag0/250
ratio in the range from 1.85 to 1.87. The concentration of the DNA extracted
immediately from fresh leaf tissue was not statistically different from the stored
samples. Both the quality and quantity of DNA in all samples were sufficient for
successful PCR amplification with two opaque2-specific molecular markers.
Phi057 amplified a ~170bp fragment in QPM and ~160bp in non-QPM, while
umc1066 amplified a ~150bp fragment in QPM and ~160-170bp in non-QPM. Our
results suggest that appropriate storage conditions do not affect the DNA quality
and quantity. This could be useful in marker-assisted selection of target genes,
when a large number of samples must be processed prior to pollination, allowing
breeders to discard plants lacking the desired alleles and reduce the size of the
breeding population.
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Introduction

Marker-assisted selection (MAS) has become an efficient method for crop
improvement programs due to its precise and accelerated approach (Vivekananda
et al., 2018). According to Eathington et al. (2007), MAS methodologies have
increased the mean performance of progeny as compared to the conventional
breeding methodologies. As a method used worldwide to rapidly incorporate
valuable traits into new cultivars, it is used in breeding to select progenies with the
desired genes. Once the DNA has been extracted from the plants, genetic markers
are used to tag and track the genetic variation in the DNA samples, which can be
identified by polymerase chain reaction (PCR) and electrophoresis (Begna, 2020).

The extraction of DNA with good quality and high yield is a limiting factor in
the genetic analysis of plants (Abdel-Latif and Osman, 2017). The quality and
quantity of the DNA extracted from cereals are often affected by the presence of
polysaccharides, proteins, and DNA polymerase inhibitors, rendering the sample
non-amplifiable (Sarwat et al., 2006). Although many DNA extraction protocols
have been developed for plants (Dellaporta et al., 1983; Saghai-Maroof et al., 1984;
Doyle and Doyle, 1987), some of them include time-consuming steps, laborious
works, or the use of liquid nitrogen, which can be hard to procure. Furthermore,
some DNA isolation methods from plant tissues produce either small amounts or
DNA of inconsistent quality (Abdel-Latif and Osman, 2017). On the other hand,
there are methods of DNA extraction that can be performed within a short period of
time in a laboratory with basic facilities, especially suitable for foreground
selection in the MAS program (Dorokhov and Klocke, 1997; Vivekananda et al.,
2018). The quality and quantity of the extracted DNA can be assessed
spectrophotometrically. The Ajg/Ass absorption ratio provides an estimation of
DNA purity by considering contaminants that absorb UV light, such as proteins
(Vahdani et al., 2024). Besides the acceptable DNA purity, the sufficient quantity
of DNA for successful PCR amplification must also be considered.

Researchers and scientists from the Maize Research Institute Zemun Polje
have integrated conventional and molecular breeding programs aimed at converting
standard maize inbred lines to quality protein maize (QPM) genotypes for growing
in temperate regions (Kostadinovic et al., 2016; Ignjatovic Micic et al., 2020).
Marker-assisted breeding involves a large number of individual plants that need to
be analyzed prior to pollination. Therefore, in addition to a rapid and reliable DNA
extraction protocol, adequate storage conditions are important due to its large-scale
requirements. The aim of our study was to evaluate the effect of storage
temperature on the quality and quantity of DNA extracted from maize leaves for
use in marker-assisted selection to improve maize quality.
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Material and Methods

Leaves were collected from the four-week-old plants that are parental lines in
the marker-assisted conversion of maize inbred lines to quality protein maize
(QPM) adapted to temperate climate. The collected maize leaves were divided into
three groups of 20 samples. The first group was processed immediately, while the
other two were stored at -20°C or -80°C for 30 days. The genomic DNA was
extracted following the modified protocol of Dorokhov and Klocke (1997). The
DNA extracted from fresh leaves was divided into three portions with the first
being processed immediately and the other two stored for 30 days at -20°C or -
80°C. The DNA quantity and quality were examined using a biospectrometer
(BioSpetrometer kinetic, Eppendorf, Germany). The DNA concentration was
measured directly in ug/mL, while the DNA quality was measured as DNA/RNA
ratio (Assonso). The t-test (Microsoft Excel) was used to compare the mean values
among the treatments at the probability level P<0.05.

All samples were diluted to a working concentration of 20 ng/ul for the
application in polymerase chain reaction (PCR). Two SSR markers specific for the
opaque?2 gene (phi057 and umc1066) were employed in the PCR assay to evaluate
the efficiency of DNA amplification (Tablel). The polymerase chain reaction was
carried out in a reaction volume of 20 pl containing the following: DreamTaq™
Green PCR Master Mix (Thermo Scientific, USA), 0.25 pM primers and 20 ng of
DNA. Amplifications were performed in the Biometra TProfessional Standard 96
thermocycler (Biometra, Germany) with the following program: an initial
denaturation at 94°C /2min, followed by 40 cycles each of denaturation at
94°C/1min, annealing at 60°C/2min and extension at 72°C/2min, with final
extension at 72°C/10min. The amplified fragments were resolved by
electrophoresis on 8% polyacrylamide gel (Mini Protean Tetra-Cell, Bio-Rad,
USA).

Table 1. The set of opaque2 gene-specific markers used for PCR.

Primer Sequence (5°-3”) Fragment size
) F CTCATCAGTGCCGTCGTCCAT
phi057 160-170 bp
R CAGTCGCAAGAAACCGTTGCC
F ATGGAGCACGTCATCTCAATGG
umc1066 150-160 bp
R AGCAGCAGCAACGTCTATGACACT

After staining with ethidium bromide, they were visualized under UV
transilluminator and documented in the gel documentation system BioDocAnalyze
(Biometra, Germany). The approximate size range of the amplification products for
each SSR locus was determined based on the positions of the bands relative to the
50 bp molecular weight ladder.
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Results and Discussion

Extraction and purification of DNA represent one of the basic steps in
molecular biology and therefore the preparation of high-quality DNA from various
sources, such as fresh and frozen tissue, is the most important first step (Samoo et
al., 2017). Although fresh tissue is the best source for high molecular weight DNA
extraction, in some cases fresh tissue cannot be obtained or only previously
collected and stored samples are available (Alrokayan, 2000). Furthermore, some
methods and large-scale experiments require DNA extraction of a large number of
samples in a short period of time, so the storage conditions are of great importance.

In this research, the concentration and purity of DNA extracts from fresh
maize leaves were compared to extracts and leaves stored at -20°C or -80°C for 30
days. The quality and purity of the DNA is presented as Ajgpnso ratio. A high
Asso/Argo value indicates RNA contamination, while a low Asg/Asgo ratio indicates
DNA contamination with proteins (Meyer, 2003). With an average ODyg/80 ratio
in the range from 1.85 to 1.87, the quality of all DNA samples was at an acceptable
level with values between 1.8 and 2.0 (Gryson, 2010). No significant differences
were found for A,q/Asg values between the DNA extracted from fresh leaf tissue
immediately after sampling and stored samples. Similarly, there were no significant
differences between the concentration of the DNA extracted from fresh leaf tissue
immediately after sampling and the samples that were stored. However,
concentration of DNA was numerically the highest in the samples extracted from
the leaves stored at -20°C. The concentration and purity of DNA extracted from
maize leaves are presented in Table 2.

Table 2. The concentration and purity of DNA extracted from maize leaves.

Fresh Fresh/-20°C Fresh/-80°C -20°C -80°C
DNA concentration (ug/mL)  523.84™ 536.28 ™ 538.64™ 544,57  534.08™
DNA purity (Assoso) 1.87™ 1.87™ 1.85™ 1.85™ 1.87™

Both the quantity and quality of DNA in all samples were sufficient for
successful PCR amplification with two opaque2-specific molecular markers. The
phi057 amplified a ~170bp fragment in QPM and ~160bp in non-QPM, while
umc1066 amplified a ~150bp fragment in QPM and ~160-170bp in non-QPM. The
amplification with the SSR marker umc1066 is given in Figure 1. The dominant
homozygotes (lanes 1, 3 and 12) were clearly distinguished from the recessive
homozygotes (lanes 7, 8 and 10) and the heterozygous individuals (lanes 2, 4, 5, 6,
9and 11).
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Figure 1. Amplification with the opaque2-specific marker umc1066. M: 50 bp
DNA ladder, P1: standard line, P2: QPM line, 1-12: analyzed individual plants.

Based on these results, it can be concluded that the DNA was intact and the
banding patterns showed no obvious difference or any form of DNA degradation.
This is an indication that the extracted DNA from all samples is of good quality
and suitable for PCR analysis (Adetumbi et al., 2013). This could be useful in
marker-assisted selection of target genes, when a large number of samples must be
processed prior to pollination, allowing breeders to discard plants without alleles of
interest and reduce the size of the breeding population. The time elapsed between
sampling and DNA extraction depends principally on the experiment and storage
conditions. If tissue preservation conditions and sampling are appropriate, the
storage time will not be a factor at least for short storage periods (Samoo et al.,
2017).

Conclusion

This study provides useful information for marker-assisted breeding, where a
large number of plants need to be processed and therefore a large number of DNA
extracts need to be handled. Our results indicate that adequate storage of
leaves/extracted DNA does not have a negative effect on DNA yield in terms of
quality, quantity, and integrity, at least for short storage periods. The samples
extracted from stored leaves as well as the stored extracts, exhibited not only a
sufficient DNA amount, but also ensured their purity for PCR applications.

Acknowledgements
This work was supported by the Ministry of Science, Technological

Development and Innovation of the Republic of Serbia (Grant No. 451-03-
66/2024-03/200040).



364 Marija S. Kostadinovi¢ et al.

References

Abdel-Latif, A., & Osman, G. (2017). Comparison of three genomic DNA extraction methods to
obtain high DNA quality from maize. Plant Methods, 13, 1.

Alrokayan, S.A. (2000). Effect of Storage Temperature on the Quality and Quantity of DNA
Extracted from Blood. Pakistan Journal of Biological Sciences, 3 (3), 392-394.

Adetumbi, J.A., Daniel, 1.O., Oyelakin, O.0., Akande, S.R., & Moronkola, D. (2013). Comparative
assessment of quality of genomic DNA extracted from maize (Zea mays) seed and leaf.
Agricultural Science Research Journals, 3 (2), 67-71.

Begna, T. (2020). Challenges and Progresses of Molecular Plant Breeding in Crop Improvement.
International Journal of Research in Agricultural Sciences, 7 (2), 110-123.

Dellaporta, S.L., Wood, J., & Hicks, J.B. (1983). A plant DNA mini preparation version II. PMB
Reporter, 4, 19-21.

Dorokhov, D.B., & Klocke, E.A. (1997). A Rapid and Economic Technique for RAPD Analysis of
Plant Genomes. Genetika-Belgrade, 33 (4), 443-450.

Doyle, J.J., & Doyle, J.L. (1987). A rapid DNA isolation procedure for small quantities of fresh leaf
tissue. Phytochemical Bulletin, 19, 11-15.

Eathington, S.R., Crosbie, T.M., Edwards, M., Reiter, R.S., & Bull, J.K. (2007). Molecular markers in
a commercial breeding program. Crop Science, 47, 154-163.

Gryson, N. (2010). Effect of food processing on plant DNA degradation and PCR-based GMO
analysis: a review. Analytical and Bioanalytical Chemistry, 396, 2003-2022.

Ignjatovic-Micic, D., Kostadinovic, M., Bozinovic, S., Djordjevic Melnik, O., Stankovic, G., Delic,
N., & Vancetovic, J. (2020). Evaluation of temperate quality protein maize (QPM) hybrids for
field performance and grain quality. Chilean Journal of Agricultural Research, 80 (4), 598-607.

Kostadinovic, M., Ignjatovic-Micic, D., Vancetovic, J., Ristic, D., Bozinovic, S., Stankovic, G., &
Mladenovic, Drinic, S. (2016). Development of high tryptophan maize near isogenic lines
adapted to temperate regions through marker assisted selection - impediments and benefits.
PLoS One 11 (12).

Meyer, R. (2003). Detection methods for genetically modified crops. In Heller, K.J. (Eds),
Genetically engineered food: Methods and detection, (pp. 188-200). Weinheim: Wiley-VCH
GmbH and Co. KGaA.

Saghai-Maroof, M.A., Soliman, K.M., Jorgensen, R.A., & Allard, R.-W. (1984). Ribosomal DNA
spacer-length polymorphisms in barley: Mendelian inheritance, chromosomal location, and
population dynamics. Proceedings of the National Academy of Sciences, 81, 8014-8019.

Samoo, 1.T., Khatri, P., Bhutto, B., Tariq, M., Chandio, 1., Soomro, M., Ali, S., & Shams, S. (2017).
Effect of Temperature and Storage Time on DNA Quality and Quantity from Normal and
Diseased Tissues. Journal of Basic & Applied Sciences, 13,203-206.

Sarwat, M., Negi, M., Lakshmikumaran, M., & Tyagi, A. (2006). A standardized protocol for
genomic DNA isolation from Terminalia arjuna for genetic diversity analysis. Electronic
Journal of Biotechnology, 9, 86-91.

Vahdani, M., Sahari, M.A., & Tanavar, M. (2024). Quantitative and qualitative analysis of three DNA
extraction methods from soybean, maize, and canola oils and investigation of the presence of
genetically modified organisms (GMOs). Food Chemistry: Molecular Sciences, 8, 100201.

Vivekananda, Y., Thangjam, K., Brajendra, N., & Laishram, J.M. (2018). A simple modified DNA
extraction method of maize. International Journal of Agricultural Science and Research, 8 (3),
67-72.

Received: July 4, 2024
Accepted: October 24, 2024



Effects of storagetemperature on the quality and quantity of DNA extracted from maizeleaves 365

UTICAJ TEMPERATURE SKLADISTENJA NA KVALITET I KOLICINU DNK
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Rezime

Cilj ovog istrazivanja je bio ispitivanje efekta temperature skladistenja listova
kukuruza i iz njih izolovane DNK na njen kvalitet i koli¢inu radi efikasnog
umnoZzavanja pomocu lancane reakcije polimeraze. Listovi su uzeti sa biljaka starih
Cetiri nedelje koji su podeljeni u tri grupe od po 20 uzoraka. Prva grupa listova je
analizirana odmah, dok su druge dve ¢uvane 30 dana na -20°C i -80°C. DNK
izolovana iz svezih listova je podeljena u tri grupe, od kojih je prva analizirana
odmah, a druge dve su skladistene 30 dana na -20°C i -80°C. Kvalitet i koli¢ina
DNK odredene su na biospektrofotometru, nakon cega su uzorci razblazeni za
lancanu reakciju polimeraze. Kvalitet svih uzoraka DNK bio je na
zadovoljavaju¢em nivou sa prosecnim vrednostima odnosa ODygns0 0d 1,85 do
1,87. Koncentracija DNK koja je izolovana odmah iz svezih listova nije se
statisticki razlikovala od uzoraka koji su ¢uvani 30 dana. I kvalitet i koli¢ina DNK
u svim uzorcima bili su dovoljni za uspesno umnozavanje pomocu lanc¢ane reakcije
polimeraze sa dva molekularna markera specifiCna za gen opaque2. Pomocéu
markera phi057 umnoZen je fragment od ~170bp kod linije visokog kvaliteta
proteina (VKP) i ~160bp kod linije koja nije VKP, dok je pomocu markera
umc1066 dobijen fragment od ~150bp kod VKP i ~160-170bp kod ne-VKP.
Rezultati su potvrdili da odgovarajuéi uslovi ¢uvanja ne uti¢u ni na kvalitet ni na
koli¢inu DNK. Ovo moze biti korisno u selekciji pomo¢u molekularnih markera
kada veliki broj uzoraka mora biti obraden pre polinacije, $to omogucuje
selekcionerima da odbace biljke bez Zeljenih alela i smanjuje obim populacije koju
treba testirati.

Klju¢ne reci: kvalitet DNK, koli¢ina DNK, ekstrakcija, temperatura
skladistenja.
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