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ABSTRACT DNA-assisted selection can be applied to vegetal species in
the seed stage; however, little is known about the effect of seed fractionation
on the physiological quality and viability of the seedlings or the
effectiveness of DNA extraction from seed pieces. We evaluated the
efficiency of pre-germinative genotypic screening by DNA markers from
manually cut partial seeds of rice, beans and maize. Tests to evaluate PCR
amplification and physiological quality were performed. We observed that
the Sarkosyl method was efficient to extract DNA from a % fraction of the
rice seeds and ¥ of the bean and maize seeds, generating good quality SSR-
PCR products. The physiological quality of the rice seeds cut in half and the
bean and maize seeds remaining fraction of ¥ of the original seed provided a
high germination percentage. The method is effective for simultaneously
genotyping and germinating plants from a single seed, since DNA extracted
from these fractions of seeds can be used for studies with DNA markers,
while the remaining portions can be used for seedling production.

Key words: Assisted selection; DNA extraction; DNA marker; Viability;
Vigor
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INTRODUCTION

The development and use of DNA markers for breeding programs and studies of
prospecting genetic resources have brought advances in the process of identifying relevant
genetic variation and selection in several agricultural crops (Nascimento, 2015; Carvalho,
2016; Barreto et al., 2017). Marker-assisted selection (MAS) has an important role on
phenotyping and increased efficiency in selective processes in modern plant and animal
breeding (Toppa and Jadoski, 2013).

MAS is used in several commercial crops; for example, the common bean (Faleiro
et al., 2004), maize (Prasanna et al., 2010), rice (Tabien et al., 2000; Gouda et al., 2013),
cotton (Fang et al., 2010; Xiao et al., 2010), and soybean (Santana et al., 2014). Although
MAS is a selection strategy that is being increasingly used in public and private research
institutions worldwide, it tends to be predominantly based on DNA genotyping systems
obtained from young leaves (Yap et al., 2016; Alkimim et al., 2017; Qi et al., 2017).

Pre-germination Genotyping Systems is the process of selecting genotypes from
seed DNA. This process significantly decreases the costs and time of selection when
compared to DNA extraction from leaves, since it is not necessary to sow and wait for plant
emergence, especially useful for molecular breeding programs that select from thousands of
candidates (Duan et al., 2015; Yap et al., 2016). Automated equipment has been built and
marketed for this purpose, in which fractions of the seeds are laser cut on a large scale,
increasing accuracy and reducing the risks of damage or loss of seed material. However,
such equipment is not accessible to smaller breeding programs and the majority of public
education and research institutions due to their high cost.

Studies have emphasized the efficiency of DNA microextraction from manually-cut
seed fractions, as opposed to the automated seed fractionation for DNA extraction (Gao et
al., 2008; Duan et al., 2015). However, there is a lack of studies on the physiological quality
of the plant obtained from seed fractions consequently, complementary studies are
necessary to determine the efficiency of pre-germination systems in non-automated
genotyping.

To develop a cost-effective method for simultaneously genotyping and germinating
plants from a single seed, we evaluated the quality and quantity of DNA, as well as the
physiological quality of the plant regenerated from fractions of seeds of rice, common beans
and maize that are manually cut for marker-assisted selection studies. We consider the
hypothesis that the system of pre-germination genotyping from seeds with 2 and % of the
seed, cut manually, does not affect the physiological quality of the seedlings and that the
guality and quantity of DNA from % or ¥, of the seeds are suitable for marker-assisted
selection studies in rice, common bean and corn.

MATERIAL AND METHODS
Plant Material
For species selection we considered the economic value of the crops, and the

existence of DNA markers linked to genes of interest in breeding programs. The selected
species were rice, beans and maize: Oryza sativa, Phaseolus vulgaris and Zea mays,
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respectively. Selected seeds from a single adapted genotype (commercial variety or
breeding lineage) of each species were used.

The morphological characteristics of the seeds, which can correlate with
physiological quality, were also observed. Common bean seeds are exalbuminous, with a
cotyledonary reserve, mainly composed of proteins; and the embryonic axis structure is
located in the upper portion of the embryo. On the other hand, maize and rice have
albuminous seeds, with an endospermic reserve rich in starch. In the case of maize, the
embryo is in the central portion of the seed and protected by a scutellum, and in the case of
rice the embryo is located in the upper portion of the seed (Fujisawa et al., 1999; Ista 2008;
Rana et al., 2010).

DNA Extraction and PCR

Seeds were measured using a digital caliper. An approximate fraction of ¥ of bean
seeds and %2 of maize or rice seeds was cut with the aid of a number 24 scalpel.

Prior maceration tests, with different sizes of stainless steel spheres (4, 6 and 8
mm), were performed with three replicates. Fractions (1/4 or 1/2) of the seeds of each
species were placed in 2-mL tubes with 300 pL of one of the extraction buffers and a
stainless steel sphere and kept overnight. After that, the tubes were put in an appropriate
rack and strong movements (up and down) were applied during 30 s for maceration.

The extraction buffers were prepared accordingly to three previously described
extraction methods to be tested for each species, CTAB 2% (Doyle and Doyle, 1987), SDS
(Mc Donald et al., 1994), and Sarkosyl (Souza et al., 2012). The methods were previously
tested with five replicates, separately, for each species. Aliquots of the total volume of
extracted DNA were quantified by visual comparison with the generated bands of a series of
known concentrations of A phage DNA (50, 100 and 200 ng) on agarose gels (0.8%),
stainedl with ethidium bromide. The DNA was diluted in water at a concentration of 10
ng.puL™.

The extracted DNA samples were tested in PCRs, using a single primer of
chloroplast microsatellite (universal cpSSR), the primer Ccmp02, developed by Weising
and Gardner (1999). PCR and amplification conditions performed in thermal cycler were
conducted as described by Weising and Gardner (1999). The PCR product was applied on
3% agarose gels and stained with ethidium bromide.

Analysis of physiological quality

For the bioassays of the physiological quality analysis (PQ), ¥ and Y fractions of
beans and maize seeds, and % fraction of rice seeds, were compared to whole seeds of the
same species. The cuts were performed separately for each seed, so that it did not reach the
embryo/embryonic axis region, with a number 24 scalpel. The experiments were conducted
individually for each species, in a completely randomized design with four replications. The
treatments, for all species (rice — R, beans — B, and maize - M), consisted of whole seeds
(RW, BW and MW), a fraction of % of the seed (B% and M%) and a fraction of % (RY%., B%
and M%2).

The germination test (GT) was conducted following the procedures described in the
Rules for Seed Analysis (Brazil, 2009) for each species, with replicates composed of 50
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seeds, on germination paper, which was moistened with deionized water equivalent to 2.5
times the dry mass of the substrate. The rolls of paper were kept in a germinator chamber at
25°C, packed in plastic bags. The germination was observed at 14, 9, 7 days after the seeds
had been put in paper, for rice, beans and maize respectively. The results were expressed as
a percentage.

The germination first count (GFC), which is indicative of the seeds vigor, consisted
of the determination, in percentage, of normal seedlings. It was carried out along with the
GT, but the evaluations were earlier, at the first count, five days after sowing for rice and
beans and four days for maize, established in the RAS (Brazil, 2009). For the GSI
(Germination speed index) test, which is also a vigor test, daily counts of normal seedlings
were performed and the results were used to determine the index.

On the last day of the germination test (14, 9 and 7 for rice, beans and maize,
respectively), the total fresh mass (TFM) and total dry mass (TDM) tests were measured for
beans and maize, and for rice the TFM, fresh root mass (FRM) and fresh shoot mass (FSM)
tests, which consisted of the removal and counting of the normal and abnormal seedlings of
each replicate. Only the normal seedlings were used for these measures; for rice the normal
seedlings were cut with a scalpel, removing the residues from the reserve tissue, detaching
the root system from the aerial part. Then, they were placed in paper envelopes and
weighed. The seedlings were subsequently dried in an oven set at 60°C for 48 h. Then the
samples were cooled to room temperature and weighed. The results were expressed in mg
seedling™. Variances were compared by the F test, and means by the T test, two by two. To
illustrate the comparisons, graphs with 95% confidence intervals were generated. This
analysis was performed using the R package.

RESULTS AND DISCUSSION
DNA Extraction and PCR

Total crushing of the rice, bean and maize endosperm was only accomplished with
8-mm spheres (large size) after 30 s of maceration. Seed crushing with 4- and 6-mm spheres
was not efficient. Thus, we suggest that the 8-mm spheres are best for crushing these seeds.

DNA extraction was best achieved using the Sarkosyl method, based on DNA
quantification (Figure 1). Maize and beans DNA presented larger pellets with a white color,
when compared to DNA extracted by the SDS or CTAB methods, which led to smaller and
darker pellets (precipitated DNA). The dark color indicates oxidation of the plant material
and, consequently, DNA degradation and loss in quality (Costa and Moura, 2001). For rice,
it was only possible to extract DNA using the Sarkosyl method and only after increasing the
fraction from ¥4 to % of the seed. The amount of DNA obtained from the seed portion was
similar for the three species, around 100 ng/uL, which is enough to carry out PCR reactions,
and the double the 50 ng of DNA which that is considered a minimum quantity (Buso et al.,
2003).

The amount of DNA obtained from the endosperm varies not only as a function of
the abundance of plant material (Duan et al., 2015), but also according to the method used,
and the type of sample (Chunwongse et al., 1993; Souza et al., 2012). The Sarkosyl method
was efficient to obtain good amounts of DNA from small and dense seeds, such as rice,
beans and maize. This result indicates a satisfactory alternative for obtaining DNA from
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seeds with large amounts of starch, such as bean and maize seeds, since the high amount of
polysaccharides reduces efficiency in obtaining DNA (Chunwongse et al., 1993).

A phag DNA Rice Beans Com
—— —— ——
) - - -

50 100 200

Figure 1. Gel electrophoresis (0.8% agarose) of extracted DNA (a) and gel electrophoresis (3% agarose) of PCR
amplification from primers Cemp02 (b). Lanes A phage DNA is a lambda DNA size marker and lane M is a 50 bp
DNA ladder (Ludwing).

Figure 1 show that the quality of DNA obtained from the seed fractions was
satisfactory, with no indication of degraded DNA (no trace of DNA above the band in the
gel) and polysaccharides (DNA trapped in gel wells). The absence of these characteristics
increases the chance of success of the amplification of DNA markers, since contamination
with polysaccharides, degrades DNA, and results in production of secondary metabolites,
for example, causing PCR amplification failures (Souza et al., 2012) or at any subsequent
stage of DNA use (Costa and Moura, 2001). Thus, as an additional indication of the quality
of the DNA that we extracted, we used a PCR amplification test.

PCR performed using cpSSR (Ccmp02) produced clear amplification fragments
with base pair size in the range of 150-200 bp (Figure 1). This variation comprises the
expected size range for the respective amplified loci, as described by Weising and Gardner
(1999), confirming the amplified PCR product. The quality and quantity of the extracted
DNA can be evaluated in different ways, and this is a step of extreme importance to obtain
good efficiency in PCR reactions.

Analysis of physiological quality

The 50% cut of rice seeds (R ¥2) significantly decreased in germination when
compared to whole seeds (P-value <0.05), with means of 67.5% and 80.5%, respectively
(Figure 2A). The same behavior was observed when we evaluated the vigor with the GFC
(Figure 2B). The vigor of rice seedlings for R ¥ seeds was also significantly affected, as
indicated by a comparison of initial development of the seedling through GSI, FRM, FSM,
and TFM (Figure 2C, D, E and F).

According to Brazil (2009), GT aims to determine the maximum germination
potential of a seed lot, which can be used to compare the quality of different lots. Based on
this principle, R ¥ replicates are affected when compared to RW replicates. This result is
related to the cutting procedure, which removed half of the energy reserves of the seed,
causing alterations in the formation of the seedlings.

Genetics and Molecular Research 18 (1): gmr18130 ©FUNPEC-RP www.funpecrp.com.br


http://www.funpecrp.com.br
http://www.funpecrp.com.br

R.R. de Brito et al. 6

Figure 2. Physiological quality of whole (RW) and cut rice seeds (RC or R ¥%2- which refers to 50% of the seed).
(a) Germination; (b) Germination first count; (c) Germination speed index; (d) Fresh shoot mass; (e) Fresh root
mass; (f) Total fresh mass.

It is known that the nutritive reserve in seeds is essential for their vital functions and
that drastic reductions affect the normal development of the seedlings (Marcos-Filho, 2015),
as well as physiological changes that are characterized by the low percentage of
germination of the seeds, slow growth of seedlings and production of abnormal seedlings
(Krzyzanowski and Franca-Neto, 2001). Although the cut impaired the vigor and viability
of the seeds, we observed that the seeds R still had germination values above 60%, which
allows the use of these cuts for DNA extraction and then the use of the remnant to form the
seedling.

Cuts of 75% of rice seeds (A ¥4) were also performed and significant losses in GT,
SGI, FRM, FSM and TMF were not observed when compared to whole seedlings.
However, we could not obtain genomic DNA from the 25% portion of the rice seed (A %a).
Unlike rice, we could extract DNA from the portion (A ¥4) of both bean and corn seeds, thus
we present the results of the analysis of the physiological quality for the portions of %%, %
and whole seeds.

For beans, we found that there was no significant difference (p-value> 0.5) between
the germination percentage for whole seeds (BW) and B %, with mean values of 83 and
84.5%, respectively (Figure 3A, Table 1). This test, GT, indicates that even after reducing
the energy reserves by 25%, the seeds presented germination capacity with equal
percentages compared to whole seeds. Complementary to GT, we found that seeds with
75% of their total portion presented the same vigor of the seeds without cuts, as
demonstrated by the GFC, GSI, TFM and TDM tests (Figure 3B, C, D and E).
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e

Figure 3. Physiological quality of whole (BW) and cut bean seeds (B % - which refers to 25% of the seed
removed and B % - which refers to 50% of the seed removed). (a) Germination; (b) Germination first count; (c)
Germination speed index; (d) Total fresh mass; (e) Total dry mass.

Table 1. P-value obtained for the comparisons of test means and physiological quality for beans (B) and maize
(M) seeds.

Physiological P-value

quality tests BW x B¥% BW x B2 BY: x B%. MW x M¥% MW x MY2 MY x MY
GT 0.51"™ 0.04 * 0.01* 0.26"™ 0.62"™ 0.19™

GFC 0.50™ 0.12"™ 0.27™ 0.17"™ 0.04* 0.01*

GSI 0.16™ 0.07"™ 035" 0.07"™ 0.87"™ 0.13™

TFM 0.82"™ 0.03* 0.04 * 0.01* 0.00002* 0.003*

TDM 0.24"™ 0.0003* 0.002* 0.0004* 8.995e-07* 0.0002*

* P-value < 0.05; ™ not significant. GT - Germination Test, GFC - First Germination Count, GSI -
Germination Speed Index, TFM - Total Fresh Mass, TDM - Total Dry Mass.

There was no difference in the normal seedling percentage of bean seeds with 25%
of the reserve cut off. These results are related to the volume cut off from the reserve, which
may not have significantly affected the main sources of reserves for developing-seedling
nutrition. For many seeds, as well as for beans, this reserve is in the cotyledons, which is
part of the embryo and have a large volume of reserves. These structures (cotyledons) are
responsible for nourishing the embryo during its development and they contain all the
nutrients essential for the formation of the seedling (Marcos-Filho, 2015).

In contrast, the B Y seeds were affected by the 50% cuts, with significantly lower
GT (77.5%, P < 0.05). This result, as well as for rice, is related to the loss of a large portion
of the essential nutrients for the formation of normal seedlings, resulting in a low
percentage of germination. Although this cut fraction did not cause significant losses in
germination speed (GFC and GSI), it significantly reduced the initial development of the
seedlings (TFM and TDM). The different vigor tests have distinct capacities to detect subtle
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properties of physiological quality (Rocha et al.,, 2017) that are not revealed in a
germination test.

For B % seeds, seed vigor evaluated by the germination speed was equal to those
obtained for whole seeds only in the GFC and GSI tests (Figures 3B and C). Thus, B %2
seeds may have germination rates equal to the seeds BW and B % because the mobilization
of the reserves occurs faster, since less water is required to hydrate smaller seeds and for
biochemical reactions in the reserve tissues.

For maize, the result for GT obtained from seed portions M %, M % and MW was
greater than 85% and statistically similar (P > 0.5) (Figure 4A, Table 1). Similarly, an
absence of difference in germination velocity evaluated by the GFC was observed
comparing MW and M %, although the percentage of normal seedlings in GFC test was
significantly different from that of MY (Figure 4B). However, a significant reduction in
initial vegetative growth was observed when removing part of the energy reserve with the
cuts M %2, M ¥, as indicated for TFM and TDM (P < 0.05) (Figure 4D and E).

A - B

Figure 4. Physiological quality of whole (MW) and cut maize seeds (M ¥ - which refers to 25% of the seed
removed and M % - which refers to 50% of the seed removed). (a) Germination; (b) Germination first count; (c)
Germination speed index; (d) Total fresh mass; (e) Total dry mass.

The GSI was higher in M % compared to the whole seed; this increase is related to
the rupture of the external barrier (seed coat) through cutting, which allowed the rapid
absorption of water and activation of metabolism for germination. The higher the GSI, the
greater the germination speed, since the calculated index estimates the average number of
normal seedlings per day (Maguire, 1962). According to Marcos-Filho (2015), seeds that
have damage to the tegument generally have a lower physiological potential (vigor), but
greater permeability to water, and a greater initial availability of water can accelerate
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imbibition of the seeds, contributing to the processes of mobilization of the reserves
(Carvalho and Nakagawa, 2000).

Loss of part of the seeds can lead to different effects in deterioration or vigor in
different types of seeds and species, caused by the different biochemical and physiological
changes that occur in the seeds (Krzyzanowski and Franga-Neto, 2001). In addition, it may
make the seeds more susceptible to pathogen infection (Chunwongse et al., 1993).

As a criterion to minimize losses due to the viability of the cut seeds, we can
consider the MAPA (2013) orientation regarding the standard for seed production and
commercialization, which establishes a minimum germination value of 80% for both rice
and beans; and 85% for maize. Therefore, this expected value corresponds to that obtained
for ¥ of the bean seed, ¥ and % of the maize seed, with extraction of DNA in adequate
quantities from the complementary fraction of % or %.

The cuts % of the bean and % and % maize seeds for seedling formation are
appropriate for the use of these species in a program of pre-germinative genotyping by
DNA markers, using the remnant for DNA extraction. However, these limits could not be
defined for rice, due to the R % low seed viability and the failure to obtain DNA from the
RY4 fraction. Finally, we can conclude that fractionation of seeds for DNA extraction and
planting in marker-assisted selection program cannot be the same or standardized in the
different species or types of seeds. DNA extraction strategies from portions of manually-cut
seeds can be used in pre-germinative genotyping of maize, beans and rice.
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