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ABSTRACT: Myracrodruon urundeuva Allemdo is a tree species of the family
Anacardiaceae, native from the northeast, southeast and midwest regions of Brazil,
locally known as aroeira. Because of its long history of predatory exploitation, this
species has been lately classified as vulnerable to extinction. The present work had
as objective to evaluate the genetic diversity of potential mother trees of M.
urundeuva using ISSR molecular markers in order to subsidize the collection of
seeds with large genetic diversity. The selected trees are located in the forest reserve
of Brita Guia, in the municipality of Cuiaba — MT, Brazil. Of the 18 ISSR primers
tested, seven were selected to characterize genetic diversity. The total amplified
fragments were 116, with a percentage of 99.15% polymorphism. The individuals
presented Nei's genetic diversity (He) of 0.2706 and Shannon's diversity index (1) of
0.4226. The UPGMA grouping method revealed the existence of two large groups
among the individuals, which could be considered to perform seed collection among
divergent genotypes.

Diversidade genetica de potenciais matrizes de
Myracrodruon urundeuva Allem&o em uma populacdo
remanescente do Cerrado brasileiro por meio de
marcadores ISSR

RESUMO: Myracrodruon urundeuva Allem&o é uma espécie arborea da familia
Anacardiaceae, nativa das regides nordeste, sudeste e centro do Brasil, conhecida
localmente como aroeira. Devido a sua longa historia de exploragdo predatoria,
essa espécie tem sido classificada ultimamente como vulneravel a extin¢do. O
presente trabalho teve como objetivo avaliar a diversidade genética de potenciais
matrizes de M. urundeuva utilizando marcadores moleculares ISSR, a fim de
subsidiar a coleta de sementes com grande diversidade genética. As arvores
selecionadas estdo localizadas na reserva florestal de Brita Guia, no municipio de
Cuiabé - MT, Brasil. Dos 18 primers ISSR testados, sete foram selecionados para
caracterizar a diversidade genética. O total de fragmentos amplificados foi de 116,
com uma porcentagem de 99,15% de polimorfismo. Os individuos apresentaram
diversidade genética (He) de Nei de 0,2706 e indice de diversidade de Shannon (1)
de 0,4226. O método de agrupamento UPGMA revelou a existéncia de dois
grandes grupos entre os individuos, que poderiam ser considerados para realizar a
coleta de sementes entre genotipos divergentes.
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Introduction

Myracrodruon urundeuva Allem&o is a tree
from the Anacardiaceae family, popularly known as
aroeira. It is a heliophilous, deciduous and selective
xerophilous species (Lorenzi 2008) that occurs in the
northeast, southeast and midwest regions of Brazil
and also in the Chaco region of Bolivia, Paraguay
and Argentina (Carvalho 2003; Lorenzi 2008;
Nogueira 2010).

The wood of M. urundeuva is suitable for
multiple purposes which makes the species
attractable for market demands. The heartwood has
a good resistance to the attack of xylophagous
organisms and a natural durability due to its density
and amount of soluble extractives (Paes et al. 2004).
Thus, the aroeira is widely used in external works
such as poles, pillars, beams in bridge frames and
mills. In the civil construction, it is used as rafters,
beams, parquet, slats and turned parts (Lorenzi
2008). The inner bark, roots and leaves of the aroeira
have effective pharmacological properties in the
gastric treatment of ulcers as for the treatment of
rheumatism. The species has also anti-inflammatory,
astringent, antiallergic and healing properties
(Carlini et al. 2010).

Due to its wide geographical distribution, the
aroeira has been widely used in reforestry programs
for degraded lands and in the establishment of
protected forests in different regions of Brazil. The
good quality of its wood has also drawn interests for
studies of breeding and genetic improvement (Costa
etal. 2011).

During the selection of the mother trees for
seed collection for reforestry programs, phenotypic
characteristics associated with plant vigor are
generally considered, such as good phytosanitary
condition and crown size. This is based on the
principle that a phenotypically good individual has a
good genetic constituition, increasing the chances of
originating offspring with similar characteristics,
when subjected to the same environmental
conditions. However, in addition to these
characteristics, knowing the genetic variability of
seed suppliers is also essential to ensure that the new
forest represents not only the species to be conserved
but also its genetic diversity (Kageyama and
Gandara 1993). This information is also fundamental
to the formation of base populations of forest
breeding programs (Pires et al. 2011).

One approach that can be used to characterize
the genetic diversity of species is through molecular
markers, such as the ISSR markers (inter-simple
sequence repeat). The ISSR markers have the
advantage of generating a large number of bands
through the polymerase chain reaction (PCR) and are
very useful for population evaluation in genetic
studies, diversity detection and genetic mapping
studies (Caixeta et al. 2013). In addition, they do not
require prior DNA sequence information, have low

cost of laboratory procedures and can be used for
various plant species (Dias et al. 2015).

Thus, the objective of this study is to
characterize the genetic diversity among potential
mother trees of M. urundeuva (Allemdo) in a
remnant population from Brazilian Cerrado in
Cuiaba, MT, using ISSR markers.

Material and Methods
Study area

The trees studied are located in a remnant
forest of approximately 100 hectares of Deciduous
Seasonal Forest, Brazilian Cerrado, located in the
District of Nossa Senhora da Guia city of Cuiaba,
Mato Grosso, midwest Brazil, at the coordinates S
15°22'17” and W 56 °12'14” (Figure 1) .

The climate of the region is Aw (warm
tropical, with dry season in winter), according to the
Koppen classification. In this region, the climate has
the following average characteristics: temperature of
25.7 °C, relative humidity of 74%, annual
precipitation of 1450 mm, and potential
evapotranspiration of 1530 mm year®. The soil is
classified as lithic alic and presents very gravelly
texture, undulating relief and rocky outcrop
(BRASIL, 1997).

Collection of leaf material

Aroeira mother trees were phenotypically
selected based on size and vigor, and then
georeferenced (Figure 1). The leaf material was
collected with the aid of a pruner. The samples were
placed in identified paper bags and transported to the
Forest Improvement and Biotechnology laboratory
of the Faculty of Forest Engineering of UFMT in
Cuiaba Campus - MT, where they were stored at -20
°C until DNA extraction.

DNA extraction

The extraction method used was based on
the 2% CTAB protocol (Doyle and Doyle 1990).
About 50 mg of leaf material was macerated with
liquid nitrogen in a crucible with 700 uL of 2%
CTAB extraction buffer (20 mM EDTA; 0.1 M Tris-
HCI pH 8.0; 1.4 M NaCl, 2% CTAB and 0.4% B-
Mercaptoethanol). The samples were homogenized
and incubated at 60 °C for 45 min. After this time
500 pl of chloroform-isoamyl alcohol (24:1) was
added. The material was homogenized and
centrifugation was performed for 10 min at 12,000
rpm. The supernatant was then transferred to a new
tube containing 500 uL chloroform-isoamyl alcohol
(24:1) and the samples were again homogenized and
centrifuged for 10 min at 12,000 rpm. Then the
supernatant was transferred to a new tube containing
600 pL of ice cold isopropanol and incubated at -20
°C for at least two hours. After this time, the material
was centrifuged for 10 min at 12,000 rpm and the
supernatant discarded. The precipitate was washed
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twice with 70% ethanol and once with 100% etanol,
followed by centrifuging at 12,000 rpm for 3 min and
discarding the supernatant in each wash.
Subsequently, the DNA was kept at room
temperature for 1 h for drying and then resuspended

in 50 uL of TE buffer (10 mM Tris HCI and 1 mM
EDTA, pH 8.0). In each sample 1 pL of RNase
solution (10 mg %) was added with subsequent
incubation at 37 °C overnight.

\ j8
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Figure 1. Trees of Myracrodruon urundeuva Allemé&o studied (green circles). The trees are located in a Deciduous
Seasonal Forest, Brazilian Cerrado, in the District of Nossa Senhora da Guia city of Cuiab4, Mato Grosso, midwest

Brazil, at the coordinates S 15 °22'17” and W 56 °12'14”.

DNA quality assessment

The quality evaluation of the extracted
DNA was performed on a 1% agarose gel, in which
a mix with 4 pL of concentrated DNA, 5 pL of
ultrapure water and 1 pL of loading buffer were
placed. The gel was submitted to electric currents at
90 V on PowerPac Basic™ Electrophoresis Device -
BioRad for 40 minutes. Afterwards, the gel was
submerged in a solution with ethidium bromide (0.5
pg/mL) for 15 minutes and subsequently
photocumented.

ISSR Primer Selection

The selection of the ISSR markers was
performed through PCR reactions, in which 18
primers were tested (BECK, JHON, MANNY,
OMAR, UBCB807, UBC826, UBC828, UBC830,
UBC834, UBC835, UBC840, UBC848, UBC855,
UBC857, UBCB860, UBCS861, UBC864, and
UBC889). Subsequently, the ISSR markers with the
highest number of clear and polymorphic fragments
were selected.

ISSR reactions

Reactions were prepared in PCR
microtubes in a solution containing 10 ng DNA, 1
mM primer, 1X Go Taq® Master Mix 2X (Promega)

and ultrapure water to complete a final volume of 10
pL. PCR reactions were performed on a
thermoCycler T100™ BioRad, in which the samples
were initially denatured at 94 °C for 2 min followed
by 37 cycles of amplification at 94 °C for 20 sec, 47
°C for 20 sec and 72 °C for 20 sec and a final
elongation at 72 °C for 7 min.

Electrophoresis

Electrophoresis was performed in a
horizontal tank (Bio-Pac ™ RadPower). PCR
products were submitted on a 2% (w/v) agarose gel
in 1X TBE buffer (Tris-Borate EDTA) at a voltage
of 90 V for two hours. After the electrophoresis run
time, the gel was removed from the tank and placed
in a solution of ethidium bromide (0.5 pg/mL) for 20
min and then it was photodocumented.

Data analysis
Genotyping

Genotyping was performed by means of the
photographs of the gels, whereby a binary matrix (0
and 1) was generated, in which (1) corresponds to
the presence and (0) the absence of the fragments for
each loci.

Genetic Diversity
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Characterization of intrapopulation genetic
diversity was performed using the PopGene
software, version 1.32 (Yeh et al. 1997). Given the
dominant nature of the marker, the software assumes
for allelic frequency estimates that loci are at Hardy-
Weinberg equilibrium.

Estimated genetic diversity indices were:

percentage of polymorphic loci (P %); Shannon's
diversity index (1), and Nei's gene diversity (He),
where:
a) percentage of polymorphic loci (P %): obtained by
the arithmetic mean of the number of polymorphic
loci by the total number of loci. Loci were
considered polymorphic when the frequency of the
most common allele did not exceed 0.95, as
suggested by Nei (1973).

b) Shannon's diversity index (1):

I =-3 pi.logapi
Where pi is the frequency of the presence or
absence of a given band

¢) Nei's genetic diversity (expected heterozygosity)
(He)

He =(1-Yp?)
Where pi is the frequency of the presence or absence
of a given band

Genetic Similarity

Estimation of genetic similarity (sgi)
between each pair of genotypes was made by Jaccard
coefficient, using the following expression:

a

591 = a+b+c
Where:

a: presence of allele in genotypes i and j
b: presence of allele only in genotype i

c: presence of allele only in genotype j

Subsequently, the similarity matrix between
individuals was used to group the genotypes by
generating a dendrogram by the unweighted pair
group method (UPGMA). Genetic similarity
analysis were performed using the NTSYS-PC 2.0
software (Rohlf 1992).

Results and Discussion

The DNA extraction method was effective for
M. urundeuva as it resulted in pure and intact DNA
for almost all samples, providing sufficient
concentrations for molecular analysis (data not
shown).

Seven ISSR primers were selected for the
characterization of M. urundeuva genetic diversity.
They are: JHON, MANNY, OMAR, UBCB807,
UBC835, UBC841 (Figure 2), UBC848 (Table 1).
Together these primers generated a total of 116 loci.
The primer that presented the largest number of
bands was UBC848, while UBC835 presented the

smallest number of amplified fragments. During
ISSR reactions, recurrent amplification failures were
observed for samples 8 and 13, which is possibly
associated with DNA degradation during storage.
Thus, these samples were disregarded.

M ! i i 4 5 6 7 9011121415161718192021
. L P

Figure 2. Pattern of ISSR fragments resulting from
primer amplification UBC 841 from nineteen trees
of Myracrodruon urundeuva Allem&o. M = Ladder;
1-21 identifications of the trees.

When observing other studies that used ISSR
markers to characterize the genetic diversity of other
species, it was noticed that the number of primers
used is quite variable. In a study with Mauritia
flexuosa L. f. (Buriti), nine primers were used, which
amplified a total of 97 bands with 78.3%
polymorphism (Rossi et al. 2014). For Mimosa
caesalpiniaefolia Benth. (Sabia mimosa), seven
ISSR primers were tested and generated a total of 78
loci with 52.7% polymorphism (Aradjo et al, 2016).
Another research with Hymenaea courbaril L. used
14 primers generating 87 loci with 65% of
polymorphism (Rocha et al, 2017). Thus, it can be
stated that the ISSR markers were satisfactory to
characterize the genetic diversity of M. urundeuva,
as they detected polymorphism and generated a
number of fragments compatible with other studies.
Moreover, they were reproducible, constituting an
efficient method for detecting genetic variability
among their genotypes.

Nei's genetic diversity and Shannon's
diversity index express the genetic diversity of a
given study population. These indices can range
from 0 to 1, and the closer to zero the smaller the
genetic diversity. In the present study, Nei's genetic
diversity (He) was 0.27 and Shannon's diversity
index (1) was 0.42 (Table 2).

For M. urundeuva there are no genetic
diversity studies using ISSR markers that estimate
the same indexes analyzed in this study. However, it
can be considered that the genetic diversity of M.
urundeuva has a considerable magnitude when
compared to results obtained from researches with
the same markers for other species. In a studie with
Hancornia speciosa Gomes (Mangaba) using ISSR
markers, the values of He and | were 0.18 and 0.26,
respectively, which were considered low within
population (Costa et al. 2015).
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A genetic diversity study using ISSR markers
in three commercial plantings of Theobroma
grandiflorum (Willd. ex Spreng.) K.Schum
(Cupuacu) found He values of 0.114; 0.108 and
0.104, respectively, and | values were 0.117; 0.162

and 0.156 (da Silva et al. 2016). In a study with
Copernicia prunifera (Mill.) H. E. Moore
(Carnauba), He was 0.327 and | was 0.470 (Farjado
et al. 2018).

Table 1. ISSR primers used to characterize the genetic diversity of nineteen trees of Myracrodruon urundeuva
Allemdo and their respective sequences and number of generated fragments.

Primers Sequence (5’- 3°)* Number of loci
JOHN (AG)7-YC AGAGAGAGAGAGAGYC 16
MANNY (CAC)4-RC CACCACCACCACRC 16
OMAR (GAG)4RC GAGGAGGAGGAGRC 17
UBC807 (AG)8-T AGAGAGAGAGAGAGAGT 18
UBC835 (AG)8YC AGAGAGAGAGAGAGAGYC 13
UBC841 (GA)8YC GAGAGAGAGAGAGAGAYC 15
UBCB848 (CA)6RG CACACACACACACACARG 21

Average 16,57

Total 116

R- purine (A or G); Y-pyrimidina (T or C).

*Sequences from the University of British Columbia (UBC primer set # 9) and according to Chiron et al, 2009.

Table 2. Genetic diversity index estimated for
nineteen trees of Myracrodruon urundeuva
Allemdo: Nei's genetic diversity (He); Shannon's
diversity index (I) and percentage of polymorphic
loci (P%).

Genetic diversity index

Estimated value

He 0,2706 * (0,1599)
| 0,4226 + (0,2000)
P 116 (99,15 %)

() Standard deviation

The percentage of polymorphic loci (P)
indicates the amount of loci for which more than one
allele has been observed, without the frequency of
the most frequent allele being greater than 95%. For
the studied population, the percentage of
polymorphic loci was 99.15%. To characterize the
genetic variability of Bertholletia excelsa Bonpl.
(Brazil nut) with ISSR, 52 fragments were amplified
with an average of P of 88.6% using eight primers
(Ramalho et al. 2016). In the diversity study for
Rollinia mucosa (Jacq.) Baill. (Biribazeiro), 118
bands were recorded and 81.3% generated
polymorphism (Lorenzoni 2014). ISSR primers
generated 102 polymorphic fragments (52%) for
genetic analysis of three commercial cultivars of
Theobroma grandiflorum (da Silva et al. 2016). For
a Copernicia prunifera population, ISSR primers
were also used which generated 79 loci with 72%
polymorphism (Farjado et al. 2018).

In a genetic diversity analysis using AFLP
markers (amplified fragment length polymorphism)
in three progenies tests of M. urundeuva , 34, 50 and
53 polymorphic loci (137 total loci) were obtained
(Freitas et al. 2005). Using izoenzyme markers to
evaluate M. urundeuva genetic diversity in two
anthropogenic populations in the semiarid region of

northeastern Brazil, the average of polymorphic loci
were 12.5% and 25.0% (Lacerda et al. 1999).
Comparing these values with the values obtained in
the present study, it can be stated that the individuals
of M. urundeuva selected for this study have a
considerable rate of polymorphism, which also
indicates their genetic diversity.

Genetic similarity values ranged from 0.67 to
0.15 (Table 3). The lowest similarity was observed
between accessions 1 and 15 (0.15), and the highest
similarity between accessions 6 and 7 (0.67) (Figure
3). Possibly, the greatest similarity between
individuals 6 and 7 is related to their physical
proximity in the study area (Figure 1).

The dendrogram show the constitution of two
large groups among the 19 genotypes. Group | is
composed only of individuals 1 and 2, and group. Il
already has the majority of individuals, being formed
by the remaining 17 individuals (Figure 1). In group
I, there is still a subdivision into two smaller groups
(la and 11b) formed by the individuals: 3, 5, 6, 7, 9,
19,21, 12, 20, 15, 17, 16, 15 and 14; and 10, 11 and
4, respectively. Therefore, if there is interest in to
prioritize a greater number of mother trees, the
collected could be performed using trees from these
two subgroups, in addition to group 1.

Through these results, it is possible to plan
that seed collection be performed in the most
genetically distant mother trees, resulting in seeds
with greater genetic variability, since the more
divergent the parents, the greater the diversity of
their progenies (Manfio et al. 2012). In addition to
this information, it is also necessary to distinguish
individuals by sex for seed collection, taking into
account the species M. urundeuva is predominantly
dioecious (Gaino et al. 2011).
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Table 3. Jaccard's genetic similarity matrix with the 19 studied individuals of Myracrodruon urundeuva Allemé&o based on seven ISSR markers.

1 2 3 4 5 6 7 9 10 11 12 14 15 16 17 18 19 20 21
1 1
2 03636 1
3 0.3750 0.3673 1
4 0.1746 0.2800 0.2933 1
5 0.3455 0.3261 0.6167 0.2208 1
6 0.2745 0.3684 0.5556 0.3667 0.5283 1
7 0.3167 0.3333 0.6452 0.3026 0.6500 0.6667 1
9 0.2444 0.3636 0.4423 0.3036 0.4400 0.5435 0.5200 1
10 0.1930 0.3261 0.4677 0.3538 0.3134 0.4151 0.4531 0.2941 1
11 0.2037 0.3721 0.4426 0.3492 0.3710 0.4510 0.5000 0.3830 0.5490 1
12 0.3214 0.2708 0.4058 0.2533 0.4688 0.3607 0.4559 0.4800 0.2222 0.2879 1
14 0.1639 0.3061 0.3429 0.4000 0.3188 0.4717 0.4118 0.2545 0.4167 0.4643 0.2297 1
15 0.1563 0.2692 0.3857 0.2877 0.3429 0.3729 0.3562 0.3585 0.3538 0.3492 0.3429 0.3582 1
16 0.2131 0.2553 0.3857 0.3429 0.3623 0.4138 0.4348 0.4038 0.2941 0.2687 0.4242 0.3188 0.3239 1
17 0.2708 0.3158 0.3548 0.3279 0.2656 0.3529 0.3871 0.3043 0.3393 0.3091 0.3065 0.3000 0.3065 0.3065 1
18 0.2857 0.3111 0.4844 0.3143 0.4603 0.4630 0.4265 0.4286 0.3438 0.3607 0.3731 0.3692 0.3529 0.3939 0.4906 1
19 0.2553 0.3235 0.4423 0.3704 0.3889 0.5385 0.4717 0.4857 0.3061 0.3478 0.3750 0.3913 0.3333 0.3774 0.4318 0.4894 1
20 0.3077 0.2963 0.4000 0.2885 0.3830 0.5000 0.4255 0.4286 0.1957 0.3000 0.4600 0.2667 0.3261 0.3654 0.2667 0.4318 0.4222 1
21 0.2439 0.2353 0.5000 0.2963 0.3830 0.4211 0.4400 0.4118 0.3696 0.3333 0.3462 0.3600 0.4118 0.4151 0.3261 0.4375 0.4286 0.3590 1

Collecting seeds taking into account the genetic diversity of species is
essential to avoid future problems such as associated anomalies (anatomical
deformities), dwarfism, physiological disorders, albinism or even mortality due to
low weather resistance or pest attacks and other pathological agents, besides
ensuring the preservation of the different alleles present in the species. Thus, it is
recommended the selection of trees that present greater genetic dissimilarity and
that belong to different groups for seed collection (Sebbenn 2003). With the results
of this study, we can affirm that there is considerable genetic diversity among the
studied trees. Therefore, they can be selected as seed source, provided that trees

Adv For Sci, Cuiaba, v. 7, n. 2, p. 1017-1024, 2020

from different groupings and with low genetic similarity between them be selected
to prevent inbreeding and to keep the genetic diversity between their progenies.

Conclusions

The ISSR markers detected polymorphism and genetic diversity among the
genotypes of the potential mother trees of M. urundeuva (Allemao).

The UPGMA clustering method revealed the existence of two large groups
that can be considered in order to collect seeds between divergent genotypes.
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Figure 3 - UPGMA Dendrogram representing the genetic similarity between nineteen trees of Myracrodruon

urundeuva Allemao.

Individuals 1 and 15 were the most divergent
and therefore should be prioritized for seed
collection for future genetic conservation programs,
recovery of degraded areas, establishment of
protected areas and even genetic improvement.
Given the considerable genetic diversity shown in
the studied population and because M. urundeuva is
considered an endangered, its in situ conservation is
highly recommended.
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