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Abstract

In this study, we developed and characterized microsatellite for Aspidosperma pyrifolium Mart. & Zucc., considered a spe-
cies complex due to its morphological variation and disjunct distribution. This complex is predominant in the “Caatinga”
of Northeast Brazil, but also occurs in semi-deciduous seasonal forests of central Brazil, in Chaco areas of the southwestern
Brazil, Bolivia and Paraguay. These vegetations are included in the concept of Seasonally Dry Tropical Forests (SDTFs).
SDTFs are considered one of the most endangered forests in the world due to intense anthropic pressure and high endemism.
Concerning endemic species of SDTFs, little is known about the genetic structure of A. pyrifolium and the effects of disjunct
distribution on their gene flow and genetic diversity. In this study, 16 polymorphic and four monomorphic microsatellites
were characterized in 82 Aspidosperma pyrifolium individuals from three populations in Brazil’s Northeast. The transfer-
ability resulted in an average of seven markers, amplified in 11 other species of the genus (A. brasiliense A.S.S. Pereira &
A.C.D. Castello, A. illustre (Vell.) Kuhlm. & Piraja, A. inundatum Ducke, A. multiflorum A.DC., A. nobile Miill.Arg., A.
polyneuron Miill.Arg., A. quebracho-blanco Schltdl., A. ramiflorum Miill.Arg., A. rigidum Rusby, A. schultesii Woodson
and A. subincanum Mart.). These markers can be used to estimate genetic parameters and help us to better understand the
boundaries within A. pyrifolium complex. Their use can also be extended for conservation purposes of A. pyrifolium popula-
tions and consequently of SDTFs. Moreover, they may be applied in studies concerning other species of the genus.
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1 Introduction

The Seasonally Dry Tropical Forests (SDTFs) are deciduous
and semi-deciduous forests that occur in fertile soils, with
pH ranging from neutral to basic and a precipitation average
of less than 1800 mm per year, reaching less than 100 mm
per month in the driest periods, which last 3—6 months (Mur-
phy and Lugo 1986; Gentry 1995; Pennington et al. 2009;
Dryflor 2016). They are widely distributed throughout the
South America tropical region, occurring from “Caatingas”
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of Brazilian Northeast to the Chaco region in Northern of
Argentina, Paraguay and Bolivia plus some areas in the dry
Andean valleys (Prado and Gibbs 1993) and small spots in
the Cerrado and Amazon biomes (Prado and Gibbs 1993;
Pennington et al. 2000; Dryflor 2016).

SDTFs conservation has been historically neglected.
These forests suffer from intense human occupation and use,
which contributes for this type of system be recognized as
one of the most threatened in the world. Currently, only 10%
of their original extension remains and very few protected
areas are established (Miles et al. 2006; Dryflor 2016).
The Brazilian “Caatinga”, a biome with great potential for
ecosystem services, had 46% of its area deforested due to
agriculture and illegal logging and only 7.8% is currently
under protection of Conservation Units (Brasil 2018). The
small portion of the Chaco biome located in Brazilian terri-
tory (the majority is in Argentina, Paraguay and Bolivia) is
not protected by any Conservation Units. By 2008, 36% of
its original coverage had already been destroyed, mainly by
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extensive cattle raising (Alves 2014). Moreover, each biome
fragment is virtually unique since up to 73% of their tree and
shrub species seems to be exclusive (Dryflor 2016).
Aspidosperma pyrifolium Mart. & Zucc., popularly
known in Northeast Brazil as “Pau-Pereiro, Pereiro or
Pereiro-de-Saia” (Marcondes-Ferreira 1988) is regarded as
a Caatinga environmental indicator (Veloso et al. 1991), and
it is one of the endemic species of SDTFs in South American
continent. It has a disjunct geographical distribution with
most of its populations in the “Caatinga” (Northeast of Bra-
zil) and others in Semi-deciduous Seasonal Forest areas of
central Brazil and Chaco (Mato Grosso do Sul, Paraguay
and Bolivia) (Woodson 1951; Marcondes-Ferreira 1988).
There is a close relation between the morphological varia-
tion of this species and its geographic distribution; hence, it
is treated here as the “A. pyrifolium complex” (Grube and
Kroken 2000). It is an interesting species complex to have
its genetic diversity evaluated once these results can bring
arguments that contribute to decision making in conserva-
tion policies of both species complex and the forests where
it occurs (Conner and Hartl 2004). Besides that, knowing
the genetic diversity can also support decisions concerning
species delimitation within the complex and elucidate part
of their demographic histories. In this sense, informative

genetic markers such as microsatellites are very powerful
tools to estimate genetic diversity of natural populations.
Microsatellites are highly polymorphic, show codominant
inheritance and high mutation rates and, the best, are inex-
pensive and easily developed and genotyped (Alves et al.
2014; Chen et al. 2017; Lee et al. 2017).

In this study, we developed and characterized microsatel-
lite markers for Aspidosperma pyrifolium and tested its inter-
species transferability within the genus, in order to support
studies on genetic diversity, population structure, phyloge-
ography and conservation of both species and SDTFs.

2 Materials and methods

Sampling and DNA extraction — Leaf samples from three
natural populations of A. pyrifolium populations were col-
lected in the Northeast region of Brazil: 30 individuals from
Aiuaba (AI), and 27 from Cratets (CR), both in the state
of Ceara, and 25 individuals from Cabrob6 (CA), state of
Pernambuco (Fig. 1).

The vouchers were deposited in the herbarium of the Insti-
tute of Biosciences of Botucatu (BOTU). Genomic DNA
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Fig. 1 Localities of the populations collected for the characterization of the microsatellite markers
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was extracted using 20 mg dry leaves on silica, following the
modified protocol proposed by Doyle (1991). Quantification
was performed with the Nanodrop spectrophotometer.

Another 11 species of the genus were tested for trans-
ferability: A. brasiliense A.S.S. Pereira & A.C.D. Castello,
A. illustre (Vell.) Kuhlm. & Piraja, A. inundatum Ducke,
A. multifiorum A.DC., A. nobile Miill.Arg., A. polyneuron
Miill.Arg., A. quebracho-blanco Schltdl., A. ramiflorum
Miill. Arg., A. rigidum Rusby, A. schultesii Woodson and A.
subincanum Mart. (“Appendix 17). Uniform extraction and
quantification procedures were performed in one individual
of each selected species.

Genomic library building and primer design — The micros-
atellite library was built following the modified protocol of
Billotte et al. (1999). DNA was digested using Afa I enzyme
(10u pL'l), ligated to Rsa21 (10 pM) and Rsa25 (10 puM)
adapters, and then amplified and purified. The PCR’s prod-
uct was enriched using magnetic beads and hybridized with
(CT)g and (GT)g oligonucleotides. The selected fragments
were amplified and quantified. Cloning of the fragments was
performed with the pGem-T vector. The competent cells
with the selected fragments were subjected to transformation
through XL1-BLUE electroporation and cultivated in agar.
Clones were selected in an Elisa plaque. Plasmid extraction
was performed, and then the sequencing kit was added.

Chromas software v.2.6.5 was used for primer design
(Technelysium—https://technelysium.com.au/wp/chrom
as/), while Chromatogram Explorer (Heracle BioSoft 2015)
was employed to remove the adapters and perform sequence
trimming. The clone consensus sequence was generated in
CAP3 (Huang and Madan 1999). VecScreen (NCBI—https
://www.ncbi.nlm.nih.gov/tools/vecscreen/about/) was used
to search for vector segments, and BLAST (NCBI—https://
blast.ncbi.nlm.nih.gov/Blast.cgi) to check for material con-
tamination. Microsatellites were identified using SSRIT soft-
ware (Temnykh et al. 2001), while primers were designed in
Primer3 Plus (Untergasser et al. 2012).

Microsatellite validation and characterization — The con-
centration of the genomic DNA used for amplification
was 5 ng pl~!. Polymerase chain reaction (PCR) employed
1.5 mM MgCl,, 50 mM KCl, 20 mM dNTPs, 0.2 mM dNTP,
10 mg ml~' BSA, 0.5 mM of each primer, 1U Taq DNA
(Invitrogen, Carlsbad, California, USA) and 15 ng DNA.
The final volume of each reaction was 12 pl (Mili-Q Water).
The temperature cycle used in the PCR was: initial denatura-
tion at 94 °C for 3 min, followed by 34 cycles at 94 °C for
1 min, 60 °C for 1 min, 72° C for 1 min, and final elongation
at 72 °C for 8 min. The PCR was first performed at 60 °C,
and those that failed were tested at a temperature of 55 °C.
Amplification was evaluated in 2% agarose gel. Genotyping

was performed using vertical electrophoresis, with a 6% pol-
yacrylamide gel; band staining was done with silver nitrate.
We used 10 bp DNA Ladder (Invitrogen, Carlsbad, CA) to
estimate fragment sizes.

For the characterization of the primers, we calculated
expected (H.) and observed (H,) heterozygosity, using GDA
software (Lewis and Zaykin 2000), and polymorphism infor-
mation content (PIC), using Molkin v.3.0 software (Gutié-
rrez et al. 2005). Hardy—Weinberg equilibrium (HWE),
fixation index (F) and linkage disequilibrium (LD) were
estimated using GENEPOP v. 4.2 software (Rousset 2008).
Free NA was employed to calculate Null allele frequency
(NA) (Chapuis and Estoup 2007). The Bonferroni correction
was applied to all P values (Rice 1989).

3 Results

We sequenced 48 clones and among which 22 had SSR. We
were able to draw 31 primer pairs. All were successfully
amplified, resulting in 16 polymorphic and four monomor-
phic markers (Apy_08, Apy_18, Apy_19 and Apy_20) for
A. pyrifolium. Motifs were for the most part dinucleotides,
divided into: nine simple, five perfect compounds, and four
imperfect compounds. Two trinucleotides also occurred.
Primer length ranged from 20 to 25 bp, and the amplified
products ranged from 105 (Apy_13) to 290 bp (Apyl7)
(Table 1).

Transferability resulted in an average of seven ampli-
fied markers for the tested species. The markers Apy_01,
Apy_02, Apy_05, Apy_07 and Apy_16 were amplified in
all 11 species, while Apy_08, Apy_14 and Apy_17 failed
to amplify. The species with the highest amplification rates
were A. schultesii and A. subincanum, both with 16 markers,
and the species with the lowest amplification was A. illustre,
with seven (“Appendix 17).

The number of alleles found for A. pyrifolium ranged
among loci from 2 and 15, PIC values ranged from 0.115
t0 0.910, (H,) ranged from O to 1 and H, ranged from 0.081
to 0.924, with mean H values of 0.612, 0.607 and 0.540,
and mean H, values of 0.657, 0.661 and 0.619, for the Al,
CR and CA populations, respectively (Table 2). The fixation
index (F) ranged among loci from —0.600 and 1, and a mean
of 0.069, 0.082 and 0.129 for the AIl, CR and CA popu-
lations, respectively. Deviation of Hardy—Weinberg equi-
librium was observed in some populations in the Apy_02,
Apy_09, Apy_11, Apy_12, Apy_14, Apy_15, and Apy_17
loci (P value =0.003, Bonferroni-corrected). Evidence of
null alleles occurred only in the Apy_02 loci in the Al and
CA populations, and in the Apy_14 in the Al and CR popu-
lations. Linkage disequilibrium (LD) was not significant for
any loci (P value=0.000417, Bonferroni correction).
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Table 1 Primers developed for Aspidosperma pyrifolium Mart. & Zucc.

Marker Primer sequence (5'-3") Motif Ta (°C) Range size (bp) GenBank

Apy_01 F: TCTCCCTCGTTACTCCGTAT (GT)y 60 157 MK425611
R: TCCTTCCTTACCCTCTGTGA

Apy_02  F: GCTGGTAGTGAAGGGACAGG (GT) (TG)s (GA),(CGGA), 55 278 MK425612
R: TCATTGAACTTCCCCCTGCC

Apy_03 F: TCCAGCTGGGAATGAGTTTT (AG)s3, 60 260 MK425613
R: CGAAGGCAAGAAAATGACGT

Apy_04 F: TGTTCTCTTCTCCTCGCTTC (TG)g 60 241 MK425614
R: CAAACTCGCCATTACTGCAA

Apy_05 F: GGCTTTTTACACCAAAACCT (CT)y9 60 176 MK425615
R: GTATGGAATTTTGGTGGGGC

Apy_06 F: ACAGTAGTGATATTTGCGCT (CT)ys 60 249 MK425616
R: AAGGCTGTTAATGCTACCCA

Apy_07 F: CCGATCGAAGAGGATGTAGG (CT),y (CA), 60 257 MK425617
R: CCACTGTGTCATACTTTGGC

Apy_08 F: TCTTGTGACGAAGGTTCACA (TG), 55 238 MK425618
R: TTGACTTGAGCAGACAACCT

Apy_09 F: CTTCTGCAATCTTAAGAAGGG (GD),¢(G)g 60 179 MK425619
R: CGGCAACCTGAAAATGTGAT

Apy_10 F: GCAGCTGGAGAATTTTGCACT (CT)y (TC),g 60 237 MK425620
R: ATGTCCAGGGGGTTGTGTAT

Apy_11 F: TAACGAGGCCCCACAATAGC (GT)yg... (GA)5 (A)y 60 249 MK425621
R: CCTGTGATGCAAGGGAAGGT

Apy_12 F: GCTGGTCTTGTGGGACTTGA (TGA),... (GT), 60 257 MK425622
R: TCCTAGCCCGTTCTCATCCA

Apy_13 F: ACCTTTTGCTTGCTTTAGAAAAAGT (TG) 55 105 MK425623
R: CACGGCTTCCAGACTGTCTT

Apy_14 F: AGCAATTCAACATCCAAGCA (GT)q 60 211 MK425624
R: AGATCTTTTTCGCACTCTCTC

Apy_15 F: AGAGTCTATTTTTAATCTCTGTCCA (TG)y, 60 282 MK425625
R: TCCACTTCTAAACCAGGCCA

Apy_16 F: GCGTAGTTTTAAGATCTTTTTCGCA (CT);5(CA)y 60 177 MK425626
R: GGGATGGTAAGAAGAGGGCG

Apy_17  F: TGCTTGTTTCCATGGTTGCT (CT),... (CT);... (CT), 55 290 MK425627
R: CCTAAGGGTTCAGGGCGATT

Apy_18 F: TGCCATTTAGGAGGAATCAATG (AG),... (AG), 60 226 MK425628
R: TGAACCCTGTGAATTGCGTG

Apy_19 F: TCAAGTTTTGCAATTACCTGCC (TGA), 60 178 MK425629
R: TCCGGATGTTGCAGAGCTAC

Apy_20 F: GAAACAACTCTCTGCACGGG (ATC); 60 151 MK425630
R: AATTCACGACCCCAGGAG

4 Discussion individuals successfully amplified, and as much as 16 prim-

ers for other species of the genus.
The recovery of microsatellites in the sequenced clones had Among the 16 polymorphic markers of Aspidosperma pyri-

great results, with a success rate of about 65%, much higher  folium populations, PIC pointed out that 81.2% markers devel-
than the 2.3% average plant recovery ratio (Zane et al. 2002).  oped have high polymorphism, according to Chen et al. clas-
Primer amplification and transferability were also successful, sification (2017). This result agrees with Bhargava and Fuentes
with all primers synthesized for Aspidosperma pyrifolium ~ (2010), who associated more repetition with higher mutation

rates. Some locus indicated excess heterozygotes, with higher
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H, values in comparison with H, (Apy_01, Apy_05, Apy_06,
Apy_09, Apy_15 and Apy_17). The excess of heterozygotes
was also confirmed by F' values significantly lower than zero
for Apy_15 and Apy_17 loci in Al population and Apy_15
locus in CR population. In contrast, F' values were significantly
greater than zero for Apy_02, Apy_12, and Apy_14 loci in
Al population, Apy_11, Apy_12, and Apy_14 in CR popula-
tion, and Apy_02 and Apy_09 in CA population, indicating
inbreeding.

The evidence of null alleles in Apy_02 and Apy_14
merits attention, as these were significant in the HWE due
to the low value of H  and high F;5. However, we cannot
fail to point out that amplification errors may lead to false
null alleles (Foucault et al. 1996). In conclusion, we high-
light that the success of the amplifications seen here, as
well as the high polymorphism and good indicators used
in the descriptive statistics of primer sets for the studied
species, show that these new markers have great poten-
tial as tools for future studies involving diversity, genetic
structure and conservation of their populations and, con-
sequently, for SDTFs. In addition, they may be used in
studies on other species of the genus.
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Appendix 1

See Table 3.

Table 3 Transferability of microsatellites to species of the genus Aspidosperma

Apy_01 Apy_02  Apy_ 03 Apy_04  Apy_05 Apy_06  Apy_07 Apy_08 Apy_09  Apy_10
A. multifiorum + + + + + + + - - +
A. brasiliense + + + + + + + - + _
A. nobile + + - - + - + - + -
A. polyneuron + + + + + - + - + +
A. quebrabro-blanco  + + - - + - + - + _
A. ramiflorum + + + + + - + - - _
A. inundatum + + + + + - + - + -
A. rigidum + + + + + + + - + +
A. schultesii + + + + + + + - + +
A. illustre + + - + + - + _ _ _
A. subincanum + + + + + + + - + +
Total 11 11 8 9 11 5 11 0 8 5
Apy_11 Apy_12 Apy_13 Apy_14 Apy_15 Apy_16 Apy_17 Apy_18 Apy_19 Apy 20 Total
A. multiflorum + + - - - + - + + — 13
A. brasiliense + + - - - + - + + — 13
A. nobile + - + - - + - + + _ 10
A. polyneuron + - + - - + — _ + + 12
A. quebrabro-blanco  + - + - - + - + + _ 10
A. ramiflorum + - - - - + - + — _ 9
A. inundatum + - + - + - + + - 13
A. rigidum + + - - - + - + + + 14
A. schultesii + + - - + - + + + 16
A. illustre - - - - + - + - _ 7
A. subincanum + + - + - + + + 16
Total 10 5 5 0 11 0 10 9 4
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