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ABSTRACT: The objective of this study was to test the efficiency of preservation and maceration
methods for Euterpe precatoria leaflet tissue to obtain genomic DNA for molecular studies. The leaflets of E.
precatoria were collected in an experimental field at Embrapa Acre, Brazil. The study was conducted in a
completely randomized design with 10 replicates, in a 12 x 2 factorial structure, with 12 storage treatments
(fresh; lyophiliser 3 days; refrigerator 3, 5, and 7 days; silica gel 7, 10, 20, and 30 days; and transport buffer 3,
5, and 7 days) and two leaf tissue maceration methods (liquid nitrogen and the TissueLyser®). Statistically
significant differences in the obtained DNA concentration were found between the maceration and storage
treatments. The TissueLyser® macerator produced higher DNA concentrations when compared to liquid
nitrogen. For the storage treatments, five groups were formed based on DNA concentration when macerated
with the TissueLyser® and two groups when macerated with liquid nitrogen. The DNA concentrations ranged
from 285.00 ng/uL (7 days in transport buffer) to 702.00 ng/uL (30 days in silica gel) when the leaflets were
macerated with liquid nitrogen, and from 572.73 ng/uL (30 days in silica gel) to 2,850.00 ng/uL (3 days in
lyophiliser) using the TissueLyser® macerator. The DNA purity (A260/A280 nm) varied from 1.30 to 1.70
when the leaflets were macerated with liquid nitrogen and from 1.30 to 1.90 with the TissueLyser® macerator.
Despite the variations in leaf tissue preservation and DNA concentration, all treatments were effective for DNA
isolation and it was possible to amplify genomic regions of microsatellite markers by PCR. It was concluded
that leaflets of E. precatoria stored in a lyophiliser and processed with an automatic macerator resulted in
satisfactory DNA for molecular studies.
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INTRODUCTION

The acaizeiro (Euterpe precatoria Mart.),
popularly known as agai-solteiro or agai-do-
amazonas, is a single-stemmed palm tree belonging
to the family Arecaceae. It is found naturally in the
northern region of Brazil, in the states of Acre,
Rond6nia, Amazonas, and Pard. It occurs as solitary
stems in large populations with different density
levels in flooded and dryland areas (BUSSMANN;
ZAMBRANA, 2012).

The E. precatoria species has multiple uses
including palm heart extraction, production of bio-
jewellery, and use in medicine. The most utilised
part is the mesocarp, from which a thick liquid
known as "agai juice" is extracted. This liquid is
very nutritious and has a high calorific value

(YUYAMA et al.,, 2011). It is widely consumed in
the Brazilian Amazon within all socioeconomic
levels of the population. In the international market,
it has been highly regarded for its nutritional
qualities, being rich in phenolic compounds,
anthocyanins, and substances with high antioxidant
elements (YAMAGUCHI et al., 2015). Despite its
importance, the exploitation of E. precatoria is still
extractivism-based.

For this reason, genetic analyses are of great
importance since they can increase knowledge of
the diversity, genetic structure, and crossing rate of
natural populations. Molecular markers are useful
tools to define appropriate conservation and
management strategies, and to inform the collection
of germplasm for use in breeding programs
(SARTORETTO; FARIAS, 2010).
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The method of tissue maceration may affect
the quality of the DNA obtained and most studies
use liquid nitrogen or automatic macerators.
However, liquid nitrogen is not always easily
accessible because its transport involves the risk of
explosion, it must be stored in special containers,
and it is expensive. These factors limit the routine
use of liquid nitrogen in many laboratories,
including those located in the Amazon. Several
studies have investigated alternative methods to
macerate leaflets, especially in fibrous palms
(IBRAHIM et al., 2010; IHASE et al., 2016).
Ibrahim et al. (2010) used sterilized sand with buffer
to macerate mature leaves of date palm (Phoenix
dactylifera). Thase et al. (2016) macerated leaves of
oil palm (Elaeis guineensis) in a crucible with
buffer. Both studies were successful in extracting
DNA.

We are not aware of any previous studies of
the storage and maceration of leaflet tissue in E.
precatoria. The development of simpler and cheaper
alternative methods to obtain DNA of sufficient
quantity and quality is essential for molecular
studies. The objective of this study was to test the
efficiency of various preservation and maceration
methods on E. precatoria leaflet tissue to obtain
genomic DNA for molecular studies.

MATERIAL AND METHODS

To evaluate different methods of storage
and maceration, mature leaflets were collected from
an experimental field at Embrapa Acre, Rio Branco,
AC, Brazil. The study was conducted in a
completely randomized design with 10 replicates, in
a 12 x 2 factorial design, with 12 storage treatments
(fresh; lyophiliser 3 days; refrigerator 3, 5, and 7
days; silica gel 7, 10, 20, and 30 days; and transport
buffer 3, 5, and 7 days) and two leaf tissue
maceration methods  (liquid nitrogen  and
TissueLyser®).

For the silica gel treatments, silica gel was
used to dehydrate the leaflets over four different
periods (7, 10, 20, and 30 days). The samples were
stored in a plastic bag and kept out of the light at an
average temperature of 27 °C. The silica gel was
replaced as necessary according to the saturation
indicator. Fresh leaflets were stored in microtubes
and cooled with ice. In the lyophiliser treatment,
leaflets were dehydrated in a lyophiliser (Terroni
Enterprise II) for 72 h.

The six remaining treatments were stored in
a refrigerator: leaflets wrapped in newspaper
changed daily and stored in plastic bags for 3, 5, and
7 days; and leaflets stored for 3, 5, and 7 days in
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microtubes containing 1 mL of transport buffer (300
ul of CTAB 2% buffer; 700 ul of absolute ethanol).

Leaf tissues subjected to the twelve storage
treatments were macerated using two methods: I)
Mechanical maceration (TissueLyser®, Qiagen): the
leaflets were cut into small pieces with scissors and
placed in Eppendorf tubes containing two stainless
steel spheres and 2% CTAB, then the microtubes
were packed in the TissueLyser® machine; II)
Maceration with liquid nitrogen: the leaflets were
placed in a porcelain mortar, then macerated with
liquid nitrogen using a pestle until a fine powder
was obtained, then transferred to microtube
containing 2% CTAB.

Total genomic DNA was extracted
following the protocol described by Doyle and
Doyle (1990), using 100 mg of leaf tissue for each
treatment. After maceration using one of the
methods described above, the samples were
incubated for 60 minutes in a water bath at 65 °C
with 700 pL. of preheated extraction buffer
containing 698.6 pL. of 2% CTAB solution and 1.4
ul. of B-mercaptoethanol. During the incubation
procedure, the microtubes were manually stirred
every 10 minutes for homogenisation. Following
incubation, the microtubes were removed from the
water bath and cooled to room temperature. In the
fume cupboard, 600 pL of chloroform and isoamyl
alcohol (24:1) was added, and the microtubes were
manually stirred for 5 minutes.

Centrifugation was performed at 13,000 rpm
for 15 minutes. The upper (aqueous) phase was
transferred (160 pL) to a new microtube. Then, 400
pL of cold isopropanol (-20 °C) was added, and the
samples were incubated at -20 °C for 30 minutes.

The microtubes were centrifuged at 13,000
rpm for 15 minutes, and the supernatant was
discarded. The pellets were washed twice in 300 pL.
of absolute ethanol and twice in 70% ethanol by
centrifugation at 13,000 rpm for 5 and 10 minutes,
respectively. The pellets were then resuspended in
50 pL. of TE buffer (10 mM Tris-HCI, pH 8.0; 1
mM EDTA), then incubated at 37 °C in an air
forced circulation oven for 1 hour, and then stored
in the refrigerator.

Subsequently, the samples were
electrophoresed on a 0.8% agarose gel (0.5X TBE
buffer under 120 volts and 400 milli-amperes for 1
hour) to check DNA integrity. DNA purity indices
were quantified in an 8000A spectrophotometer
(Metash) and the ratio of A260/A280 was used to
estimate the purity of the DNA (GREEN;
SAMBROOK, 2012).

The DNA was quantified in a
spectrophotometer at 260 nm wavelength. The
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concentration of DNA was estimated from the
equation: DNA concentration (ng) = OD reading
(Optical Density) 260 x 50 x dilution factor
(SAMBROOCK et al., 1989).

To evaluate the DNA quality, polymerase
chain reaction was used. Nine microsatellite
markers (EE2, EE8, EE23, EE32, EE45, EE47,
EE52, EE52 and EES59) developed for E. edulis
(Gaiotto et al., 2001) were used. Reactions were
made containing the following: 5 ng of genomic
DNA; 10 mM Tris-HCI, 50 mM KCI; 0.25 mM of
each dNTP; 0.25 mg/mL BSA (Bovine Serum
Albumin); 2.0 mM MgCl2; 0.2 uM of each primer;
and 1 U of Tag DNA polymerase and sterile
ultrapure water. Amplifications were performed in a
thermocycler (Analitik Jena). The samples were
submitted to the following amplification steps: 94°C
for 1 minute, followed by 30 cycles at 94°C for 1
minute, annealing temperature set for each primer
for 1 minute and 72°C for 1 minute, followed by a
final extension step at 72°C for 5 minutes.

The estimates of DNA concentrations for
the different treatments were subjected to analysis
of variance (ANOVA) and, when significant
differences were observed, the means were grouped
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by the Scott-Knott test at the 1% significance level.
The analysis was performed using the statistical
package SISVAR (FERREIRA, 2011).

RESULTS AND DISCUSSION

The general appearance of E. precatoria
leaflets varied among the different storage methods
(Figure 1). The leaflets kept in the refrigerator (3 to
5 days) and transport buffer (3, 5, and 7 days)
displayed excellent preservation. These treatments
remained similar in appearance and characteristics
to the fresh leaflets (Figure 1A) and did not suffer
any changes in leaf tissue. All treatments in
transport buffer presented leaf turgidity similar to
that of fresh tissue.

In contrast, the treatments maintained in the
lyophiliser (3 days), refrigerator (7 days), and silica
gel (7, 10, 20, and 30 days) showed changes in leaf
tissue (Figure 1B and 1C). The leaflets stored in the
lyophiliser (3 days) presented a completely
dehydrated visual appearance and light green
colour. The leaflets kept in the refrigerator (7 days)
showed partially dehydrated tissue and the same
light green colouration.

Figure 1. Euterpe precatoria leaflets in different storage treatments: A) Freh eaﬂets, B) Refrigerator (7 days),

and C) Silica gel (30 days).

Leaflets stored in silica gel were gradually
dehydrated as the colour indicator changed. The loss
of water was more noticeable in the first three days.
A gradual uniform bleaching also occurred in the
leaflets with deterioration in some parts (Figure 1C).
The use of silica for storage is still viable since
unaffected parts of the leaflets may be used for
subsequent DNA extraction. The changes in colour
in the leaf tissue are related to the chlorophyll loss

resulting from a period of preservation and
dehydration. Chlorophyll pigments are relatively
unstable and sensitive to light, time, heating,
oxygen, and chemical degradation (SCHIOZER;
BARATA, 2007).

Our results corroborate those reported in the
literature for some species of plants where the use of
fresh, frozen, and cooled leaf tissue have been the
predominant methodologies for preservation of
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biological material for subsequent genomic DNA
extraction (SILVA et al., 2010; MESQUITA et al.,
2015). In the present study, storage of leaflets in
transport buffer for one week also proved to be a
viable methodology for the preservation of plant
tissue, since these leaflets retained the
characteristics of fresh leaflets.

Despite producing colour alteration in plant
tissue, the silica gel method has been commonly
used in the preservation of leaf samples of palm
species such as “tucumanzeiro” (A. aculeatum),
“acaizeiro” (E. oleracea), and “jauari” (A. jauari)
(MILANI et al.,, 2009; OLIVEIRA et al., 2010;
OLIVEIRA et al., 2014). The silica gel storage
method has several advantages over other methods,
owing to its simplicity, low cost, and the minimal
space required for transport and storage in the
laboratory.

However, for Neotropical savanna species,
the use of silica gel was not recommended for
preservation of leaves prior to DNA extraction
(FERES et al., 2005). However, these authors report
that environmental conditions could have activated
dehydration mechanisms in these plants and suggest
that the silica gel preservation method may still be
effective for other species (FERES et al., 2005). E.
precatoria occurs in a different environment with
high humidity.

In the present study, variation in the
integrity of extracted DNA was observed among

1191
AZEVEDO, H. S. F. S. et al.

treatments. All liquid nitrogen treatments presented
better DNA integrity than that observed in the
TissueLyser® treatments. The liquid nitrogen
treatment samples clearly exhibited defined
fragments on the gel, without smears, indicating that
DNA degradation had not occurred. Danner et al.
(2011) also obtained good quality DNA from
“jabuticabeira” (Plinia cauliflora) tree leaves when
macerated with liquid nitrogen whereas they
detected degradation in samples macerated directly
in CTAB buffer. The use of liquid nitrogen to
macerate leaf tissue is advantageous because it
allows rapid freezing and as a result, it avoids DNA
degradation (DANNER et al., 2011). However,
attainment, cost, and storage are the obstacles for its
use in many laboratories (IBRAHIM et al., 2010;
IHASE et al., 2016), such as those located in the
Amazon.

Samples macerated in the TissueLyser®
presented DNA oxidation (Figure 2A). During the
steps of DNA precipitation with cooled isopropanol
and pellet formation by centrifugation, a dark brown
colouration was observed in the samples macerated
with the TissueLyser®, while the samples
macerated with liquid nitrogen were clean and
translucent (Figure 2B). The formation of dark DNA
precipitates may occur due to the covalent
attachment of oxidized polyphenols to the DNA
(PETERSON et al., 1997).

N

Figure 2. A) Comparative centrifugation profile of E. precatoria leaflets macerated and washed with
chloroform and isoamyl alcohol: (I) macerated with liquid nitrogen, and (II) an oxidized sample
obtained from TissueLyser® process. B) (I) lighter pellet produced from maceration with liquid
nitrogen, in contrast to (II) darker pellet resulting from TissueLyser® maceration.

The DNA purity ranged from 1.30 to 1.70
when treatments were macerated with liquid

nitrogen and from 1.30 to 1.90 when macerated with
the TissueLyser® (Figure 3).
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Figure 3. Analysis of purity of DNA extracted from E. precatoria leaflets from twelve types of storage and two
maceration methods (liquid nitrogen and TissueLyser®).

The absence of RNA was observed in all
samples. According to Green and Sambrook (2012),
the recommended range for absorbance ratios
(A260/A280) is 1.70 to 2.00 indicating pure DNA.
The low purity of DNA (A260/A280<1.7) observed
in the present study for some storage and maceration
treatments may have been due to the contaminants
released during cell lysis, or an insufficient number
of chloroform washes. Mature leaflets have varying
levels of polysaccharides, polyphenols, and other
secondary metabolites that represent the main
obstacles encountered in the purification of plant
DNA, and require adaptations to the DNA
extraction procedure (SILVA et al., 2010; SIKA et
al., 2015).

Previous studies have confirmed that palm
species (Elaeis guineensis, Phoenix dactylifera,
Dypsis madagascariensis) that grow in tropical
regions have leaves with a waxy cuticle and high
fibre content that are rich in polysaccharides and
polyphenols (ANGELES et al., 2005). It is known
that the presence of such compounds may reduce or
even inhibit the activity of DNA polymerases and
restriction enzymes. The presence of these
compounds in large amounts is the main issue found
in the purification of genomic DNA from plant
tissues (NUNES et al., 2011, SIKA et al., 2015).

In general, the use of young leaves is
recommended to obtain DNA with higher purity,
since these only contain low concentrations of
phenolic compounds (MITTON et al., 1979).
However, adult individuals of E. precatoria may
reach up to 20 m in height and the youngest leaflets
are at the top of the plant (YAMAGUCHI et al.,
2015). Therefore testing of methodologies and
refinement of protocols is fundamental, especially
when using molecular techniques, since the quality
of genomic DNA is crucial.

A significant difference in the DNA
concentration obtained was observed between the
storage interaction and the maceration type, with the
unfolding of direct and inverse interactions (Table
1).

When the maceration method was analysed
independently of the storage method, the
TissueLyser®  macerator  produced  higher
concentrations of DNA when compared to liquid
nitrogen. With TissueLyser® maceration, five
distinct groups of storage methods were observed
based on DNA concentration. However, when using
liquid nitrogen maceration, only two groups were
observed.
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Table 1. Unfolding averages of interactions between DNA concentrations extracted from Euterpe precatoria
leaflets using different storage and maceration methods.

Conservation and storage types

Maceration method (ng/uL)

Treatments Liquid nitrogen TissueLyser®
Fresh leaflets 545.00 *Ba 1912.50 Ab
Lyophiliser (3days) 660.00 Ba 2850.00 Aa
Refrigerator (3 days) 512.50 Aa 705.00 Ae
Refrigerator (5 days) 543.90 Ba 1100.00 Ad
Refrigerator (7 days) 600.00 Ba 1705.00 Ab
Silica gel (7 days) 362.50 Bb 1652.50 Ab
Silica gel (10 days) 685.00 Ba 1395.00 Ac
Silica gel (20 days) 537.50 Ba 955.56 Ad
Silica gel (30 days) 702.50 Aa 572.73 Ae
Transport buffer (3 days) 327.50 Bb 1602.50 Ab
Transport buffer (5 days) 450.00 Bb 827.50 Ae
Transport buffer (7 days) 285.00 Bb 1662.50 Ab

**CV (%)

29.64

*Means followed by the same letter are not statistically different from each other according to the Scott-Knott test (p=>0.01).

**Coefficient of variation (CV).

For the treatments involving TissueLyser®
maceration, the leaflets stored in the lyophiliser (3
days) showed the highest DNA concentration,
followed by fresh leaflets, refrigerator (7 days), then
silica gel (7 days) and transport buffer (3 and 7
days) which did not differ statistically. Lower DNA
concentrations were observed for storage in the
refrigerator (3 days), silica gel (30 days), and
transport buffer (5 days).

The lyophilisation methodology with
TissueLyser® maceration presented the highest
DNA concentration when compared to other
methods of organic matter drying. The main
advantage of lyophilisation is the reduction of the
water content in the tissues and, consequently, the
reduction of catabolic processes in the cells, since a
less fluid environment decreases the catalytic
activity of nucleases and proteases (NUNES et al.,
2011). Lyophilised leaf tissues allow better
interaction between the extraction buffer and the dry
tissue. With less fluid in the tissue, there is less
dilution of the extraction buffer and therefore its
activity is improved (NUNES et al., 2011). The use
of dehydrated tissue facilitates the disruption of the
cell walls and consequently produces higher yields
of DNA. Although the entire lyophilisation process
requires about 72 hours for complete leaflet
dehydration, its applicability is certainly satisfactory
(NUNES et al., 2011; PEDRAL et al., 2015).

Mazza and Bittencout (2000) obtained DNA
of good quality and quantity extracted from
lyophilised Araucaria angustifolia. These authors
claim that the use of a lyophiliser eliminated the

need for liquid nitrogen during maceration. The
results of another study showed that the
combination of lyophilisation with PVP improves
the quality and quantity of extracted DNA (NUNES
et al., 2011).

In the present study, all TissueLyser®
macerated treatments presented higher
concentrations of DNA (572.73 to 2,850.00 ng/uL)
when compared to those macerated with liquid
nitrogen and this can be explained by the
characteristics of the equipment. Stirring at a high
speed together with stainless steel spheres facilitates
the disruption of the cell walls and, as a result, more
cells are broken to release DNA molecules
compared with liquid nitrogen maceration. This is
corroborated by the high DNA concentration
observed when the Ilyophiliser treatment was
combined with TissueLyser® maceration. The
tissue dehydration, the use of stainless steel spheres,
and the higher agitation and velocity were
determining factors in the higher yield of DNA
obtained. Another advantage of the TissueLyser®
equipment is the ability to macerate 48 samples at
once, while with liquid nitrogen only one sample is
macerated at a time.

The treatments using the lyophiliser (3
days), refrigerator (3, 5, and 7 days), silica gel (10,
20, and 30 days), and fresh leaflets macerated with
liquid nitrogen produced the highest concentrations
of DNA. The silica gel treatments (7 days) and all
transport buffer treatments produced the lowest
DNA concentrations.
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The DNA concentrations obtained from the
silica gel treatments (10, 20, and 30 days) were the
same as those for the fresh and lyophilised leaflet
samples, although the silica gel treatments did not
produce satisfactory tissue preservation. The
concentration of DNA extracted from FElaeis
guineensis was similar to that found in the present
study when using liquid nitrogen to macerate the
leaf tissue, with concentrations ranging from 496.00
to 572.00 ng/ul. (IHASE et al., 2016). The
concentrations of DNA extracted from E. oleraceae
ranged from 40.00 to 313.00 ng/ul. when extracted
from fresh leaves, kept frozen with ice, and
macerated  with  liquid nitrogen (COSTA;
OLIVEIRA 2002).

] 2 3.4 5 6 78 9 1011121314151617
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All the storage and maceration treatments
resulted in positive PCR amplification (Figure 4)
and therefore provided satisfactory genetic material
for molecular analyses. The optimal annealing
temperature varied among the evaluated loci (Table
2). Loci EE41 and EE47 had the lowest annealing
temperature (45.8 °C), and locus EE45 had the
highest annealing temperature (57.3 °C). The results
also confirmed the transferability of loci from E.
edulis to E. precatoria (AZEVEDO et al., 2017).
These results indicated that DNA extracted from
leaflets of E. precatoria did not contain
contaminants such as polysaccharides and
secondary metabolites, which could affect DNA
quality (SIKA et al., 2015).

19 20 21 22 23 24 25

Figure 4. Agarose gel electrophoresis of Euterpe precatoria DNA amplified with microsatellite locus EES.
Lanes 1-12: twelve storage treatments macerated with TissueLyser® automatic equipment; Lane
13: label (1 kb Fermentas®); Lanes 14-25: twelve storage treatments macerated with liquid

nitrogen.

Table 2. Characteristics of nine heterologous microsatellite markers for Euterpe precatoria.

Loci TA (°C) Fragment size (bp) GenBank
EE2 55.4 87-90 AF328879
EE8 50.2 122-143 AF328872
EE32 55.4 190-195 AF328883
EE41 45.8 107-122 AF328884
EE45 57.3 109-110 AF328887
EE47 45.8 255-270 AF328874
EE52 53.6 205-210 AF328888
EE54 50.2 120-124 AF328876
EE59 50.2 108-120 AF328885

TA (°C): Annealing temperature; bp: Base pairs.
Several methodologies for plant DNA

isolation are available. However, modifications are ACKNOWLEDGEMENTS
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RESUMO: O objetivo deste estudo foi testar a eficiéncia de métodos de preservagdo e maceracio de
tecidos de foliolos de Euterpe precatoria para obter DNA gendmico para estudos moleculares. Os foliolos de E.
precatoria foram coletados no campo experimental da Embrapa Acre, Brasil. O estudo foi conduzido em
delineamento inteiramente casualizado com 10 repeti¢cdes, em esquema fatorial 12 x 2, com 12 tratamentos de
armazenamento (fresco; liofilizado 3 dias; geladeira 3, 5, e 7; silica gel 7, 10, 20 e 30 dias e tampdo de
transporte 3, 5 e 7 dias) e dois tipos de maceragdo do tecido foliar (nitrogénio liquido e TissueLyser®). Para a
varidvel concentracdo de DNA houve diferenca estatistica entre os tipos maceracdo e de armazenamento. O
macerador TissueLyser® apresentou maiores concentragdes de DNA quando comparado ao nitrogénio liquido.
Para os tipos de armazenamento verificou-se formagao de cinco grupos quando macerados TissueLyser® e dois
grupos quando macerados com nitrogénio liquido. As concentracdes de DNA variaram de 285,00 ng/uL (7 dias
em tampao de transporte) a 702,00 ng/uL (30 dias em silica gel) quando maceradas com nitrogénio liquido.
Quando maceradas com macerador TissueLyser® variaram de 572,73 ng/uL (30 dias em silica gel) a 2.850,00
ng/pL (3 dias em liofilizador). A pureza do DNA (A260/A280 nm) variou de 1,30 a 1,70 quando os foliolos
foram macerados com nitrogénio liquido e de 1,30 a 1,90 quando macerados em macerador TissueLyser®.
Apesar das variacdes na conservacdo e concentracdo dos tecidos foliares, todos os tratamentos foram eficazes
para o isolamento do DNA e amplificaram regides de marcadores microssatélites. Concluiu-se que foliolos de
E. precatoria armazenados em liofilizador e macerados com macerador automdtico resultaram em DNA
satisfatorio para estudos moleculares.

PALAVRAS-CHAVE: Acai-solteiro. Euterpe precatoria. Isolamento de DNA. Método CTAB.
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