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ABSTRACT - (Optimized protocol to isolate high quality genomic DNA from different tissues of a palm species). The
application of molecular techniques to tackle ecological and evolutionary questions requires genomic DNA in good quality
and quantity. The quality of the isolated DNA, however, can be influenced by the tissue type and the way the sample was
conserved and manipulated. Therefore, customizing protocols to improve the DNA isolation and locus amplification is crucial.
We optimized a cheap and manual protocol of DNA extraction and microsatellites amplification using five different tissues
of a palm species of the brazilian Atlantic Forest. We successfully extracted DNA from all five tissue types. Leaf, stem, and
endocarp of non-dispersed seeds presented the highest rates of successful DNA extraction and microsatellite amplification;
whereas root, endocarp of dispersed seeds, and embryo showed the lowest quality and quantity. Based on these results, we
discussed the implications of using different tissues for studies about seed dispersal, pollination, and population genetics.
Keywords: DNA extraction, Euterpe edulis, microsatellite, tropical palm

RESUMO - (Protocolo otimizado para isolar DNA genomico de alta qualidade em diferentes tecidos de uma espécie de
palmeira). A aplicagdo de técnicas moleculares para lidar com questdes ecologicas e evolutivas requer DNA gendmico de
boa qualidade e quantidade. A qualidade do DNA isolado, no entanto, pode ser influenciada pelo tipo de tecido e pela ma-
neira como a amostra foi conservada e manipulada. Portanto, personalizar protocolos para melhorar o isolamento do DNA
e a amplificagdo dos locus € crucial. Nos otimizamos um protocolo barato e manual de extragdo de DNA e amplificagdo de
microssatélites utilizando cinco diferentes tecidos de uma espécie de palmeira da Mata Atlantica brasileira. Nos extraimos
com sucesso 0 DNA de todos os cinco tipos de tecidos. Folha, caule e endocarpo de sementes nao dispersas apresentaram
as maiores taxas de extracdo de DNA e amplificagdo de microssatélites; enquanto raiz, endocarpo de sementes dispersas e
embrido apresentaram a menor qualidade e quantidade. Com base nesses resultados, discutimos as implica¢des do uso de
diferentes tecidos para estudos sobre dispersdo de sementes, polinizagdo e genética de populagdes.

Palavras-chave: extracdo de DNA, Euterpe edulis, microssatélite, palmeira tropical

Introduction lignin (Varner & Lin 1989) that require maceration

Molecular tools have been used to answer steps to be broken, and second because plants often

different ecological and evolutionary questions, and
the isolation of DNA in good quantity and quality is a
critical step towards the development of these studies
(Haig, 1998, Allen et al. 2006). DNA isolation may be
particularly challenging for small, degraded samples
or containing high concentrations of polysaccharides,
phenolic substances, and secondary compounds
(Rogers & Bendich 1994). For example, DNA
extraction from plants is inherently more difficult than
from animals, first because plants have cell wall and

contain secondary compounds that can inhibit PCR
(Khanuja et al. 1999). Therefore, customizing
protocols are important to improve DNA isolation and
optimize the amplification of the desired DNA regions
(Solléro et al. 2004).

In plants, DNA can be extracted from various
tissues, such as leaf, stem, root, fruit endocarp and
embryo. These tissues can be used to answer different
ecological and microevolutionary questions. Leaf and
stem, for example, are often used in population genetics
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studies (Hamrick & Loveless 1989, Ledig & Conkle
1983, Gaiotto et al. 2003). These studies aim to explain
the influence of processes such as natural selection,
genetic drift, and gene flow on the distribution of
allelic frequencies in natural populations (Ouborg &
Van Groenendael 1991, Hamrick 1992). The endocarp,
a fruit tissue of maternal origin, can be used in studies
of seed dispersal (Godoy & Jordano 2001). Seed
dispersal distance can be more accurately estimated
using maternity analysis (Garcia & Grivit, 2011). This
analysis consists of identifying the most likely mother
plant of dispersed seeds based on genotype matching
between adult plants and the maternal tissue of the
progeny (i.e., endocarp) (Godoy & Jordano 2001,
Garcia et al. 2009). The embryo, in turn, can be used
in pollination and reproductive system studies. To
characterize the progenies, most studies use seedling
leaves recruited from seeds directly collected from the
parent plants (Tarazi et al. 2013, Sobierajski 2006).
However, using embryo tissue directly can cost less
than that of seedlings leaf because it does not depend
on germination and seedling development, saving time
and resources. Furthermore, in contrast to sampling
seedlings that depend on successful germination, the
direct use of embryos allows evaluating the genotype
of all sampled progenies. Because it is a biparentally
inherited tissue, the embryo can be used to characterize
demographic parameters related to plant reproduction
including the effective size of the reproductive
neighborhood, the relatedness of progenies, and pollen
dispersal (Ellstrand 1992, Gonzalez-Varo et al. 2009).

The use of molecular techniques to answer these
ecological and evolutionary questions requires the
obtention of genomic DNA in good quantity and quality
(Waldschimidt 1999), which can be influenced by the
tissue type and also by how the sample is manipulated
by the researcher (Varma et al. 2007). For example,
younger tissues, especially the leaves, produce DNA
of good quality and quantity due to large numbers
of cells and small amounts of secondary metabolites
(Murray et al. 1980, Williams et al. 1994). But stem or
root tissues are preferred when tree crowns are too tall
to reach for leaves (Lanes et al. 2013). Nevertheless,
these tissues are more lignified and may present
secondary compounds, which can hinder the isolation
of the genetic material (Lewinsohn ef al. 1994) or
inhibit the polymerase chain reaction (PCR) used to
amplify the loci of interest (Schori ef al. 2013). For
example, some species with exposed roots have high
amounts of secondary compounds that act as natural
defense pesticides, mainly against herbivores and

infections by pathogenic microorganisms (Bourgaud
2001). Another tissue type, the endocarp of dispersed
seeds, can be degraded due to chemical and physical
abrasion during the passage through the digestive tract
of frugivorous animals (Marrero ef al. 2009) and, due
to the effects of humidity, pathogens (e.g., fungi) and
parasites (e.g., borer beetles) after seeds are exposed
in the soil. The seed may also come into contact with
new substances in the environment, for example, the
presence of humic acids in the soil (Puglisi 2013),
which can decrease the quality of the isolated DNA
and inhibit PCR.

Because of the variation in quality and quantity
of isolated DNA from plant tissues, it is important
that DNA extraction and amplification protocols are
optimized to ensure desirable results. The objective
of this study was to optimize an inexpensive and
manual protocol of DNA extraction from five
different tissues of the Atlantic Forest palm species
Euterpe edulis Mart. For this, we tested different
concentrations and/or addition of reagents such
as cetyl trimethylammonium bromide (CTAB),
sodium chloride (NaCl), polyvinylpyrrolidone
(PVP), proteinase K, B-mercaptoethanol, sarkosyl
and sorbitol to improve of DNA extraction of
degraded, contaminated samples or containing high
concentrations of secondary metabolites (Varma et al.
2007). We also report a DNA amplification protocol
using microsatellite loci, in which we obtained high
quality results even using low amounts of DNA
template. Although developed for one palm tree
species, the described protocols of DNA isolation
methods may extend, or, at least be theoretically
useful, for carrying out genetic studies in plant species
with similar ecological characteristics.

Material and methods

1. Species of study

We used as model species the palm Euterpe edulis,
commonly known as Jugara palm (figura 1). The
Jugara palm holds great ecological (Galetti ef al. 1999,
Reis & Kageyama 2000) and economic (Brancalion et
al. 2012, ITESP 1998, Souza 2014) importance. It is
a widely studied species, with studies spanning from
organismal biology, palm heart production to genetics
and conservation (Dos Reis et al. 2000, Carvalho et
al. 2015, Galetti et al. 2013).

Pollination and seed dispersal processes of the
Jugara palm are carried out by animals (Gaiotto et al.
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Figure 1. Tissue types from the palm tree Euterpe edulis. a. Adult
tree. b. Leaf. c. Stem stalk. d. Root. e. Root detail. f. Ripe fruit. g.
Fruit without pulp (endocarp of not dispersed seeds). h. Endocarp
of dispersed seeds. i. Seed embryo.

2003, Galetti et al. 2013). Pollination can be done by
a myriad of insects (entomophily), including: bees,
wasps (both Hymenoptera), flies (Diptera), beetles
(Coleoptera) and butterflies (Lepidoptera) (Mantovani
&Morellato 2000). Less importantly, wind can also
contribute to pollination (anemophily) (Seoane et al.
2005). Due to the production of large crop size, long
and annual fruiting, and wide variation in fruit size, the
Jugara palm is an important food source for more than
50 species of birds, such as large (toucans, cotingas
and guans) and medium-size birds (thrushes) and some
mammals (Galetti et al. 2013).

This palm is composed of a single stem with leaves
at the apex. Leaves, disposed in an alternated fashion,
are composed and pinned , with a sheath that protects
the apical meristem (palm heart). The inflorescence of
spike type is composed by approximately 150 male
and 50 female flowers (Gaiotto et al. 2003, Seoane
et al. 2005). The seed, about 12 mm wide, is globose
shaped and fills most of the fruit (Accorsi & Barros
1974). The endocarp, which provides the tissue used
for maternity analysis in Euterpe edulis, consists of
membranous fibers attached to the seed (Accorsi &
Barros 1974).

2. Sampling of plant tissues

We sampled 10 adult palms by collecting
fragments of stem, leaf, root, and seeds (for embryo

and endocarp extraction) (figure 1). We also randomly
collected 10 dispersed seeds directly from the ground
in an Atlantic forest patch located in the Serra do
Mar S@o Paulo State Park - Santa Virginia, Brazil.
Differently from the seeds collected directly from
the trees, these dispersed seeds passed through the
digestive tract of the animals and had been exposed to
soil environmental conditions such as high humidity,
presence of fungi and pathogens and humic acids.
Plant samples were placed in individualized paper
bags and then enclosed in a plastic bag with silica gel
for drying. After dehydration, the tissues were frozen
at -20° C for better preservation. The fruits removed
directly from the palms were pulped for the extraction
of the seed and the attached endocarp. After sampling
the endocarp, seeds were crack opened to remove the
embryo embedded in the endosperm (figure 1).

3. DNA Extraction

We isolated DNA from the different tissues
using a Cetyl trimethylammonium bromide (CTAB)
protocol adapted from BG Milligan (1989) for
isolation of plant DNA (Doyle & Doyle 1987). The
general protocol (see description below) was used
to extract DNA from leaves, stems, roots, embryos
and endocarps of non-dispersed seeds. Additionally,
we customized a protocol that provided better DNA
quality for endocarps of dispersed seeds (procedure
called as endocarp protocol).

In general, the extraction of total genomic DNA
comprises of three distinct steps. The endocarp
protocol differs only in the first step (1. Cell rupture).

3.1 Materials and chemicals

Microcentrifuge tubes (1.5 -2 mL)

7-mm-diameter beads

Pipettes and filter tips for volumes of 1000 puL, 10 puL
and 200 pL

Beadbeater machine (Biospec Products Inc.)
Beadbeater for 1.5-2 mL tubes (Biospec Products Inc.)
Heating block (65° C) for 1.5-2 mL tubes

Vortex

Centrifuge with refrigeration

Microwave oven

Gel tray system, combs and a submerged horizontal
electrophoresis cell

Gel documentation system with UV (MiniBis Pro -
Bio-Imaging Systems)
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CTAB extraction buffer 1%: 1 % CTAB, Tris-HCI10.15
M (pHS), NaCl 2.6 M, EDTA 2 mM (pH 8)

CTAB extraction buffer 3%: 3 % CTAB, Tris-HC10.15
M (pH 8), NaCl 2.6 M, EDTA 2 mM (pH 8)

Sodium Chloride (NaCl) 5 M or Sodium acetate 5 M
Sorbitol extraction buffer - Tris-HCI 100 mM (pH 9.5),
EDTA 5 mM (pH 8), sorbitol 0.35 M, 1% PVP (added
to the buffer just before use) and B-mercaptoethanol

Sarkosyl: 3 M

CIA (24 Chloroform: 1 Isoamyl alcohol)

Proteinase K (Invitek Inc.)

Pure cold (-20° C) isopropanol

70% ethanol

Absolute ethanol (99.5%)

Agarose

Gel Red (Biotium Inc.)

Low Mass Ladder (Invitrogen Inc.)

TBE 5%: Trizma base 5 M, Boric Acid 3 M, EDTA
2 mM (pH 8)

3.2. Extraction Protocol

I. Cell rupture: the tissue maceration is the first step
in the DNA extraction from plant cells. The reagents
contained in the extraction buffer are responsible for
breaking the membranes and releasing the cellular
content (DNA, proteins, etc). The proteinase K
enzyme is added to denature the proteins, keeping
the DNA intact.

General Protocol - Step 1

Place approximately 100 mg of plant tissue (i.e.,
leaf without the veins, root, endocarp, stem or embryo)
in 2 mL tubes. Add 7 mm beads for maceration.
Macerate for 1 minute and 30 seconds in the macerator
Mini-Beadbeater™ (depending on the lignification
of the sample another maceration cycle is needed).
Add 800 pL of 1% CTAB buffer solution preheated
at 65 °C to each tube. Incubate the tubes at 65° C for
1-2 hours, preferably with gentle shaking.

Endocarp Protocol - Step 1

Place approximately 100 mg of dispersed seed
endocarp tissue in 2 mL tubes. Add 7 mm beads for
maceration. Macerate the tissue for 1 minute and
30 seconds in the macerator Mini-Beadbeater™.
Add 1 mL of cold Sorbitol extraction buffer (4 °C)
and 2 pL of B-Mercaptoethanol to each tube and
mix in a vortex for five seconds to neutralize the
action of contaminants, such as polysaccharides

polyphenols and other secondary metabolites (Tel-
Zur et al. 1999). After resting for 20 minutes in a 4
°C refrigerator, centrifuge the tubes for 10 minutes
at 10000 rpm at 4 °C. Dispose of the supernatant. If
necessary, the adding of Sorbitol extraction buffer
and B-Mercaptoethanol should be repeated until the
supernatant is clear. Add a mix of 800 pL of 3% CTAB
extraction buffer preheated at 65 °C, 30 puL of sarkosyl
and 2.5 pL of proteinase K to each tube. Incubate the
tubes at 65 °C for 1-2 hours with gentle shaking.

General and Endocarp Protocol - Step 2

After the incubation period, centrifuge the tubes
at 13000 rpm for 15 minutes, under a temperature of
22 °C. Add 600 pL of CIA (Chloroform and isoamyl
alcohol, 24: 1) to each tube. Manually homogenize the
samples and centrifuge at 13000 rpm for 10 minutes
at 6 °C. Transfer the supernatant to anew 1.5 mL tube
and add 600 pL of CIA. Manually homogenize the
samples and centrifuge at 13000 rpm for 10 minutes
at 6 °C. Transfer the supernatant once again to a new
1.5 mL tube.

II. DNA precipitation and purification: isopropanol
is used in this protocol to precipitate the DNA from
the solution. The DNA pellet is washed to purify it to
the maximum.

Add a mix of 5SM NacCl (or sodium acetate) and
isopropanol to each tube at a volume equivalent to 10%
and 70% of the recovered supernatant, respectively.
Manually homogenize the samples and place the tubes
in the freezer at -14 °C for, at least, 2 hours (preferably
overnight) for the precipitation of DNA. Centrifuge
the tubes for 20-30 minutes at 14000 rpm at 16 °C.
At this point the DNA pellet should be attached to the
tube wall in the bottom, carefully dispose of the liquid.
To improve the washing of the pellet, add 1000 pL of
70% ethanol and manually and gently agitate until the
pellet peels off the wall. Rest the tubes for 10 minutes
and then centrifuge at 14000 rpm at room temperature
for 10 minutes. Repeat again the 70% ethanol wash
after careful disposal of the liquid. The third and final
washing step should be done using 1000 pL of absolute
ethanol.

II1. DNA elution: at this stage the DNA pellet is dried
and re-suspended in aqueous solution.

Dispose of all liquid and leave the tubes open
at room temperature for air drying the DNA. Once
the pellet is completely dry and free from ethanol,
solubilize the DNA with 50 puL of purified water or TE



Lucas et al.: DNA isolation protocol for different tissues from a palm species 5

buffer (EDTA pH 8.0-0.5M e Tris-Cl pH 8.0-1M) and
1 pL of RNase 10 mg/mL. In order for the RNase to
degrade the RNA molecules still present in the sample,
incubate the tubes at 37 °C for 1 hour. Tubes can stand
overnight in a fridge (at 4 °C) before DNA extraction
evaluation and finally store in a freezer (-20 °C) for
preservation.

3.3 Evaluation of DNA extraction

The DNA quantification was performed by
applying a mix of 1 uL of DNA and 1 pL of running
buffer (xylene cyanol, bromophenol blue, sucrose
and the fluorescent GelRed) per sample in each well
of 1.5% agarose gel, using 0.5%TBE buffer. One
(1) uL of Low Mass ladder (Invitrogen Inc.) with 1 uLL
GelRed dye was also added in one well of each race
line to assign amount of DNA from each sample. The
electrophoresis was set at 110 V/cm for 40 minutes.
The electrophoresis gel was visualized under UV light
and registered using the gel documentation system
MiniBis Pro (Bio-Imaging Systems). The DNA
extraction success was evaluated by quantifying the
DNA of each sample in the agarose gel according to
the bands determined by the Low Mass Ladder, which
are100 ng/uL, 60 ng/uL, 40 ng/uL, 20 ng/uL, 10 ng/uL.
and 5 ng/pL respectively (figure 2). The isolation of
DNA was considered successful when a clear band of
at least 10 ng/pL was visualized. The success rate for
each plant tissue type was expressed by the proportion
of successful DNA extractions considering the ten
samples and the average DNA quantity was expressed
as the mean quantity of DNA across the successful
samples.

4. PCR (Polymerase Chain Reaction)

4.1 Material and chemicals

PCR thermal cycler.

PCR-strips or 96-well plates.

Gel tray system, combs and a submerged horizontal
electrophoresis cell

Gel documentation system with UV light

PCR pipettes and tips (1000 pL, 200 pL, and 10 pL
filter tips).

Enzyme: Taq DNA polymerase (GeneDireX Inc.)
Buffer: Taqg DNA polymerase buffer (Biolase Inc.)
Bovine Serum Albumin (BSA) — stocked at 62.5 mg/
mL

dNTPs (stocked at 10 mM of each of dATP, dCTP,
dGTP, and dTTP in a mixture)

Endocarp (not dispersed)

- e [

Embryo Endocarp (dispersed seed)

Figure 2. Electrophoresis gel with the results of Euterpe edulis
genomic DNA extraction from five plant tissue types using two
DNA extraction protocols: leaf, stem, root, non-dispersed seed
endocarp and embryo using the general protocol, and dispersed
seed endocarp using the endocarp protocol (see text). The Low
Mass ladder (Invitrogen) was used for DNA quantification; the
bands refer to 100 ng/pL, 60 ng/uL, 40 ng/pL, 20 ng/uL, 10 ng/ uL
and 5 ng/uL, from top to bottom, respectively.

The forward and reverse microsatellite primers both
extended at the 5' - stocked at 0.9 mM (EE3, EE23,
EE25, EE45, EE47, EES2 and EE54)

Magnesium Chlorine (MgCl,) - stocked at 50 mM.
Milli-Q Water

Agarose

DNA Ladder (50 bp Invitrogen Inc.)

Gel Red™ (Biotium Inc.)

4.2 DNA amplification

The PCR technique was used to amplify seven
microsatellite loci (table 1). We optimized PCR
protocols for dispersed seed endocarp (Endocarp) and
the other tissues (General) (table 2) based on Gaiotto
etal. (2001).

DNA amplification (for all tissues types) was
performed using a touchdown program in the thermal
cycler as follows: Initial denaturation at 95 °C
during 3 minutes followed by 10 cycles comprising
denaturation at 94 °C during 30 seconds, annealing of
primers starting at the highest temperature (table 2)
for 30 seconds followed by 1 °C decrease for every
subsequent round until the lowest primer temperature
is reached, and extension at 72 °C during 30 seconds.
After these 10 cycles other 30 succeed, comprised of
denaturation at 94 °C for 30 seconds, primer annealing
at the lowest T °C and extension at 72 °C for 30
seconds. And finally, a final extension at 72 °C for 7
minutes and cooling at 4 °C indefinitely.
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Table 1. Microsatellite molecular markers, respective primers sequences and expected variation of loci size in number of
base pairs of the palm Euterpe edulis. Markers were originally described in Gaiotto et al. (2001).

Primer Sequence of primers (5'3) Variation of allele size (bp)
e 2 R TACGAACCAABATggARCAA 100-132
s RCACACAEATTCAZARCACA 156-190
FEis R AACCARTCTTCTECCTOTCE 70154
EE52 F:TTCTgTggAgAgTCAATCATC 230260

R:AATCTgACAAggCCTCAAC

4.3. Evaluation of microsatellite loci amplification

A mix of 2 puL of the PCR product and 2 pL of
running buffer (xylene cyanol, bromophenol blue,
sucrose and the fluorescent GelRed) was loaded
into wells of 1.5% agarose gel and sized with the
aid of the DNA ladder with the fluorescent GelRed.
Electrophoresis was set at 110 V/cm for 40 minutes.
Gels were visualized using the gel documentation
system.

PCR amplification was considered successful
when a band appeared on the agarose gel at the
expected size. Band occurrence correlates strongly
with the success of genotyping, as demonstrated
in other studies performed by our research group
(Carvalho et al. 2018, Hypolito 2018, Lucas 2016).
Even faint bands were considered as successful
amplification because fragment size analysis in
first generation sequencers (Sanger or capillary
electrophoresis) is sensitive to low amounts of PCR
products. The amplification success was reported as
the proportion of successful amplification across the
ten individuals for each of the seven loci for each
tissue type.

Results and Discussion

Plant DNA may be difficult to isolate, but in
general we extracted sufficient amounts of DNA
and successfully amplified microsatellite loci of
the tropical palm Euterpe edulis. DNA extraction
and microsatellite amplification, however, varied
considerably among tissue types (figure 2, table 3).

Leaf, stem and endocarp of non-dispersed seeds
presented higher consistency and better results for both
DNA extraction and PCR. DNA isolation from roots
and embryos was less successful and microsatellite
amplification was lower for DNA extracted from roots
and endocarps of dispersed seeds (figure 2).

Plants generally have many secondary compounds
that interfere with the DNA isolation process.
Chemical reagents can be used to protect the
DNA from oxidation and degradation from these
substances during DNA isolation. Antioxidants, such
as B-mercaptoethanol, BSA and PVP (Dawson &
Magee 1995, Clark 1997), are commonly used to
deal with problems related to phenolic compounds
(Puchooa 2004) and plant protection substances. For
stem, leaf, embryo and endocarp of non-dispersed
seeds, the addition of PVP was sufficient to ensure
satisfactory quantity and quality of genomic DNA.
For endocarp of dispersed seeds, however, the reagents
B-mercaptoethanol, proteinase K, sarcosyl and sorbitol
had to be added to improve DNA extraction and
microsatellite amplification. Regarding the PCR, as
proposed by the protocol of Gaiotto ef al. (2001), the
use of BSA was indispensable for the amplification
of the microsatellite regions, especially for tissues
with lower DNA quantity, such as the endocarp and
the embryo. The use of the touchdown program in
the PCR thermal cycler, a method used to increase
the specificity of PCR reactions (Korbie & Mattick
2008), resulted in better results regardless of locus or
tissue type.

Root samples, among all tissue types, presented
the worst results regarding DNA isolation and,
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Reagent
DNA (2,5 ng)
Buffer (10x)
DNTP
(10mM)
Primer F
(0.9 uM)
Primer R

non-dispersed seed endocarp and embryo (General) of the palm Euterpe edulis. The values next to each reagent correspond to its stocked concentration. The amount

Table 2. Amount of reagents and annealing temperature for optimized PCR of seven microsatellite loci for dispersed seed endocarps (Endocarp) and stem, leaf, root,
of all reagents is given in microliters (uL). The reactions were carried out in a final total volume of 13 pL.
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Table 3. Rate of DNA extraction success (proportion of samples that presented bands in the agarose gel), average DNA
amount (+ standard deviation), and rate of microsatellite amplification success (average, minimum and maximum number
of loci that were successfully amplified) from 10 samples for each of the five tissue types of the palm Euterpe edulis.

DNA Amplification
Tissue type extraction Amount of Amplification success (%) successo
P o, DNA (ng/ pL) p ° [minimum,
success % .
maximum]
EE3 EE23 EE25 FEE45 EE47 EES52 EE54
Leaf 100 140+53.2 100 100 100 100 100 100 100 100 [100,100]
Stem 100 94 +£19.6 90 90 100 100 100 100 80 95[80,100]
Root 40 6+£6.2 50 0 50 40 20 80 10 40 [20,80]
Endocarp (not 108637 100 100 100 100 100 100 100  98.75[90,100]
dispersed)
Endocarp
(dispersed 80 53+282 50 60 50 70 70 40 50 56.25 [40,70]
seed)
Embryo 50 82.5+63.1 70 70 80 90 70 80 80 75 [60,90]

undergo the same adverse conditions as the dispersed
ones. However, sampling directly from the mother tree
does not provide any information about the processes of
seed dispersal. The embryo, on the other hand, provides
valuable information about the reproductive system and
pollination. But, because the embryo is very small (about
2 to 5 mm), the handling, maceration and pellet washing
processes should be done carefully to prevent losing
material and maximize sample homogenization. Once the
DNA is successfully extracted, the amplification success
is at its maximum. All individuals with adequate amounts
of isolated DNA were successfully amplified, indicating
that the extracted DNA also had a desirable quality.

In conclusion, we optimized two low-cost DNA
extraction protocols (approximately 1/8 of the cost
per sample when using the Qiagen plant tissue DNA
extraction kit in Brazil) for five different tissue types
and customized PCR protocols for amplification of
seven microsatellites of a Brazilian Atlantic Forest
palm tree. Even though the protocols were developed
for one palm tree species, the described protocols can
be tested and maybe applied to other plant species
with similar ecological characteristics. Therefore, this
study represents an important contribution for those
who aim at investigating pollination, seed dispersal
and genetic diversity and structure of plant species.
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