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ABSTRACT — The aim of this study was to assess the desiccation tolerance and DNA integrity in
Eugenia pleurantha seeds dehydrated to different moisture contents (MCs). Seeds extracted from
mature fruits were submmited to drying in silica gel and evaluated at every five percentual points
of decrease from the initial MC (35.5%, fresh weight basis). The effects of dehydration on seeds
were verified through germination tests and DNA integrity assessment. Undried seeds achieved 87%
germination, value reduced to 36% after being dried to 9.8% MC. When dried slightly more, to
7.4% MC, seeds were no longer able to germinate, suggesting an intermediate behavior in relation to
desiccation tolerance. It was observed DNA degradation in seeds with 7.4% MC, which might have
contributed to the loss of seed germination.

Index terms: forestry seeds, DNA degradation.

TOLERANCIA A DESSECACAO E INTEGRIDADE DO DNA EM SEMENTES DE Eugenia
pleurantha O. Berg. (MYRTACEAE)

RESUMO - Este estudo teve como objetivo avaliar a tolerancia a dessecacdo e a integridade do DNA
em sementes de Fugenia pleurantha submetidas a secagem até atingir diferentes graus de umidade.
Sementes extraidas de frutos maduros foram submetidas a secagem em silica gel, sendo avaliadas apds
cada decréscimo de cinco pontos percentuais a partir do grau de umidade inicial (35,5%, base imida).
Os efeitos da desidratacdo foram verificados por meio de testes de germinagdo e da integridade do
DNA. Sementes nao submetidas a dessecagdo apresentaram 87% de germinagdo, valor reduzido para
36% apods secagem até 9,8% de agua. Com a reducéio do grau de umidade para 7,4%, as sementes
ndo mais germinaram, sugerindo um comportamento intermediario quanto a tolerancia a dessecagéo.
Sementes com 7,4% de agua apresentam degradagdo do DNA, o que pode contribuir para a perda da
capacidade de germinagio.

Termos para indexagdo: sementes florestais, degradagdo do DNA.
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INTRODUCTION

In the last years there has been an increase in the efforts
towards conservation of the genetic variability of plant
species, led by the global concern about the continuous
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environmental degradation. Ex-situ plant conservation in
seed banks is recognized as one of the more effective ways
to preserve plant diversity (Schoen and Brown, 2001). Plant
species produce seeds that behave distinctly in response
to the dehydration and storage. Based on these different
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performances, Roberts (1973) proposed two categories of
seeds, to group those that can be dried to very low moisture
contents (MCs) and stored for long term periods (orthodox)
and those that can neither be drastically dried or stored for
the long term (recalcitrant). Later, another category, called
intermediate, was introduced by Ellis et al. (1990) to group
seeds with intermediate post-harvest behavior. Those seeds
are relatively desiccation tolerant, but do not withstand
removal of water to levels as low as orthodox seeds. They
survive desiccation to about 10% MC (fresh weight basis)
and can generally be stored for mid-term periods. Such
seeds are often chilling sensitive, even in the dehydrated
state. Therefore, the difficulty of conservation of the
physiological quality of non orthodox seeds has hindered the
ex situ conservation of such species in seed banks. In order
to develop safe protocols of seed desiccation and storage
it is essential to study the behavior of the seeds regarding
desiccation tolerance/sensitivity, storability and the intrinsic
factors of the desiccation sensitivity.

Eugenia pleurantha O. Berg., a tree species belonging
to the Myrtaceae family, is popularly known as “pitanga-do-
mato”. It grows in the Brazilian south and southeast regions
(Davide et al., 1995) and its seeds were previously classified
as recalcitrant (Carvalho, 2000). Other Eugenia tree species
also produce recalcitrant seeds (Maluf et al., 2003). Seed
research considering this genus is important due to its
potential for ecological restoration, since their fresh fruits
attract birds and other animals to the recovering area.

A Dbetter understanding of the basis of desiccation
sensitivity is a prerequisite to proceed toward a long-term
storage of non orthodox seeds (Faria et al., 2004). It is known
that in dehydrated orthodox seeds the maintenance of DNA
integrity and/or the ability for its repair upon rehydration
is a fundamental requirement for desiccation tolerance
(Pammenter and Berjak, 1999). It is thus reasonable to
hypothesize that loss of DNA integrity is one of the causes of
viability losses of sensitive seeds subjected to dehydration. For
this reason the present study was carried out to characterize
the desiccation sensitivity of Eugenia pleurantha seeds and
to analyze the DNA integrity during desiccation.

MATERIALS AND METHODS

The experiment was carried out at the Laboratory of Tree
Seeds, Department of Forest Sciences, Federal University of
Lavras, Lavras city, Brazil. Ripe fruits were collected from
several trees in Lavras (21°14°S, 45°00°W), located in the
south of Minas Gerais State. The climate in the region is
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classified as Cwb, according to the climatic classification
of Koppen (1936), characterized by a dry season (April-
September) and a rainy season (October—March). The annual
averages of temperature, rainfall and relative humidity are
19.3°C; 1411 mm and 77% respectively. After collection,
part of the fruits was stored for two months in a cold chamber
(10°C; 45% RH) until the start of the experiments, and the
other part was processed immediately. Seed processing was
performed according to Davide et al. (1995), consisting of
fruit maceration on a sieve, under running water to seed
separation from the fruit residues. Seeds were then spread on
towel paper over a lab bench and kept for few hours in order
to remove the superficial water.

Assessment of the desiccation tolerance. The
characterization of the desiccation tolerance of the seeds was
done according to Hong and Ellis (1996). Dehydration was
done by mixing the seeds with silica gel (fast dehydration)
in a closed box at 20°C, based on Pammenter et al. (1998).
Seeds were then weighed at intervals in order to detect the
target weights corresponding to the target MCs, according
to Cromarty et al. (1985) At approximately every five
percentual points of decrease in MC (30%, 25%, 20%, 15%,
10% and 5%) seeds were sampled for germination tests and
MC determination.

Germination tests. Were performed in four replications of
25 seeds each on sand in germination boxes, at 30°C under
continuous white light for 90 days (Masetto, 2005)

Moisture content (MC) determination. Was assessed in
four replications of 2 g each, by oven-drying at 103 + 2°C
for 17 hours (Brasil, 1992) and expressed as percentage
moisture content on a fresh weight basis.

DNA integrity assessment. In order to assess the effect
of dehydration on DNA integrity, chromosomal DNA
was extracted from five seeds with 35%, 30%, 20%, 10%
and 7% MC. DNA extraction was performed by using the
CTAB protocol, as follows: samples were ground to powder
in liquid nitrogen and transferred to a 2 mL microtube. It
was added 800 uL. CTAB 2X and 2% p-mercaptoethanol
pre-warmed to 65°C, keeping the tube at this temperature
for 40 minutes. Next, 800 puL chlorophorm-isoamyl alcohol
(24:1) was added and the microtubes were inverted for 5
minutes and centrifuged at 7900 rpm for 10 minutes at room
temperature. Supernatant was transferred to a new microtube
and 2 pL. RNAase (10mg/mL) was added, keeping at 37°C for
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one hour. After, it was added 1 volume of cold isopropanol
and the tubes were kept at -20°C for 12 hours. Next, tubes
were centrifuged at 14000 rpm at 4°C for 10 minutes and
supernatant was discharged. It was added 800 uL of ethanol
70% and, after 10 minutes, the tubes were again centrifuged
at 7900 rpm at 4°C for 10 minutes in order to remove
residues of CTAB. Tubes were then inverted in a filter paper
to dry the pellet, which was then dissolved in 10 uL TE pH
8.0 (10mM TRIS-HCI and 1mM EDTA). For comparison
purposes, desiccation tolerant (orthodox) seeds of guava
(Psidium guajava - Myrtaceae) were used. Ripe fruits of
guava were harvested from several trees at the campus of
the Federal University of Lavras. DNA was extracted from
1 g seeds freshly harvested (23.2% MC) and from 1 g dried
seeds (7% MC), dehydrated as described above. Samples of
DNA were loaded on a 1% agarose gel stained with ethidium
bromide and electrophoresed (Faria et al., 2005).

RESULTS AND DISCUSSION

The freshly harvested seeds of Eugenia pleurantha, with 35.5%
MC attained only 20% germination, values close to those found
by Carvalho (2000) for the same species (47.1% initial MC
and 25% germination). In the present study, part of the fruits
was stored for two months and, after that, seed germination
increased to 87%, which can be attributed to the continuation of
seed development within the fruits, since embryos of Eugenia
are conferruminate, without a hypocotyl-radicle axis vestige,
suggesting the absence of meristematic tissues differentiated
(Barroso, 1999). This, according to Baskin and Baskin (1998),
is a type of morphological dormancy.

Dehydration caused accentuated decreases in germination
percentage (normal seedling formation) (Figure 1), pointing
that Eugenia pleurantha seeds are desiccation sensitive.

4071 A
35 9

(U8)
S
L

Moisture content (%)
[\S 2\
S W

10 20 30 40
Dehydration time (days)

—_ —
S LK O W
I I I

(=]

177

From the results obtained, it is possible to emphasize
that germination percentage was maximum when the seed
MC was higher than 30%. When MC decreased to values
below 25%, seed germination was gradually reduced until
being completely lost when MC reached values below 10%.

The drastic reduction of germination when seeds
were dried below 10% MC suggests that this seeds can be
classified as intermediate, since according to Hong and Ellis
(1996), intermediate seeds can be safely dried at MC levels
about 7-12%.

Carvalho (2000) classified Eugenia pleurantha seeds as
recalcitrant, reporting that the freshly harvested seeds (47.1%
MC) attained 25% of germination and that after dehydration
to 11.5% they completely lost viability. The author also
observed that storage of both undried and dried seeds at low
temperatures (5°C and -18°C) was also lethal to the seeds.
The difference between the results found by Carvalho (2000)
and the present results might be because in the first case,
seeds were dried right after collection, when the tissues were
still undifferentiated (Barroso, 1999), while in the present
study, fruits were stored for 2 months before processing and
seed dehydration, which can have allowed seeds to complete
differentiation and decrease their desiccation sensitivity. It
is known that in a same species, immature seeds are more
sensitive to desiccation than the mature ones (Berjak et al.,
1992, 1993; Faria et al., 2004). Furthermore, in the work
done by Carvalho (2000), the dehydration time was much
longer (112 days) than in the present study (44 days). It is
known that, for most species that bear desiccation-sensitive
seeds, the faster the desiccation rate, the lower the MC that
can be reached before viability is totally lost (Pammenter and
Berjak, 1999).

The damages caused by dehydration are attributed to the
lack or inefficiency of the processes and mechanisms that
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FIGURE 1. Dehydration time course (A) and germination (normal seedlings) of Fugenia pleurantha seeds with different

moisture contents (B).
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protect the tolerant seeds in the dehydrated state, such as
cellularphysical characteristics, intracellular de-differentiation,
the presence of antioxidants systems, accumulation of
protecting molecules as LEA proteins, sucrose and other
oligosaccharides, deployment of certain amphipatic molecules
and the presence and operation of repair mechanisms during
rehydration (Pammenter and Berjak, 1999). So, the desiccation
sensitivity is associated to the absence or inefficiency of at
least one of those processes that facilitate the acquisition
and maintenance of desiccation tolerance in orthodox seeds.
In desiccation sensitivity seeds, the loss of structural water
during dehydration process causes alteration of metabolic and
membranes systems, resulting in seed deterioration (Farrant
et al., 1988). Theoretically, the desiccation tolerance tends to
increase with the number of protection mechanisms in activity
(Berjak and Pammenter, 2000).

Many Eugenia species bear non-orthodox seeds, such
as E. florida and E. rostrifolia, classified as intermediate
by Carvalho (2000) and Santos et al. (2004), respectively,
and the following, classified as recalcitrant: E. calycina
(Biilow et al., 1994), E. pyriformis (Andrade and Ferreira,
2000; Silva et al., 2003), E. brasiliensis (Andrade, 2002),
E. involucrata (Maluf et al., 2003), E. divaricata (Gentil,
2003), E. dysenterica, E. unifolia and E. bimarginata (Faiad
et al., 2005).

The germination percentages of guava seeds were 81%
(freshly harvested seeds; 23.2% MC) and 90% (seeds dried
to 7% MC). It is possible to observe that the DNA isolated

Psidium guajava

1

from guava seeds kept its integrity after dehydration, as
shown by the single strong band (lanes 1 and 2 in Figure
2). In orthodox seeds such ability certainly is related to the
mechanisms of cell survival under decreased hydration level.
The same was verified in DNA of E. pleurantha embryos
with 30%, 20% and 10% MC (Figure 2), although presenting
a constant reduction of the germination percentages (Figure
1B). DNA isolated from E. pleurantha embryos dried to
7% MC appeared highly degraded as shown by the smeared
band (lane 7, Figure 2), coinciding with the total loss of
seed germinability (Figure 1B). The degradation pattern
observed is due to the passive cell death process (Wang et
al., 1998), which is triggered when the cells are subject to
environmental stress. Faria et al. (2005) also related DNA
fragmentation in radicles of germinated seeds of Medicago
truncatula submitted to dehydration.

Seed MC is associated to the maintenance of proteins
integrity, endonucleases activation and DNA conformation
(Osborne, 2000). In the dehydrated state, protein
denaturation, membrane damages, loss of enzymes function
and nucleic acids integrity occur at rates influenced both
by the environmental conditions and genotype (Osborne
and Boubriak, 1997). Since seed desiccation tolerance is
genetically controlled, it is thought that in intermediate seeds,
a combination of genes provides considerable but incomplete
desiccation tolerance (Hong and Ellis, 1995).

The maintenance of genetic information is an essential
requirement for desiccation tolerance and cell survival after

Eugenia pleurantha

FIGURE 2. Agarose gel of genomic DNA extracted from guava (Psidium guajava) seeds (lanes 1 and 2) and Eugenia
pleurantha embryos (lanes 3-7), with different moisture contents (MCs). M: marker 1 Kb; 1: MC =23.2%;
2: MC =7.0%; 3: MC = 35.5%; 4: MC =30.0%; 5: MC = 20.0%; 6: MC =10%; 7: MC = 7%.
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the dehydration and rehydration (Osborne et al. 2002).
Cell DNA damages take place if dehydration occurs when
chromatin or DNA conformation are not organized to support
dehydration (Osborne and Boubriak, 1994). In the present
study, the reduction of the MC of E. pleurantha seeds to
7% caused DNA degradation in a possibly irreversible way,
leading to the loss of its functional condition and consequent
seed death.

CONCLUSIONS

When subjected to dehydration, seeds of Eugenia
pleurantha reacted in a way that suggests an intermediate
behavior in relation to desiccation tolerance.

The loss of DNA integrity can be counted as one of the
causes of loss of viability in E. pleurantha seeds dehydrated
to 7% moisture content.
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