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Abstract

Mangaba (Hancornia speciosa Gomes—Apocynaceae) is an important fruit
tree in Brazil and has an unexplored stock germplasm collection. Commercial
varieties are unavailable and little is known about its potential as a source of
genetic diversity for molecular breeding programs. Progeny tests may improve
studies on commercial variability and facilitate genetic improvement of the
species. Our aim was to evaluate the genetic diversity and structure of acces-
sions and progeny from the Mangaba Genebank of Embrapa Coastal Tablelands.
We estimated the genetic diversity of 96 individuals using 4 SSR markers. The
mean observed heterozygosity was lower than expected, showing an excess of
homozygotes, corroborated by the positive coefficient of endogamy. The ge-
netic diversity indexes (F,) and Nei’s unbiased genetic identity (GI) revealed,
in general, moderate genetic diversity between accessions. The relationship
between matrices and progenies showed that there may be a greater degree of
genetic information sharing between the ABP1 and ABP2 accessions. The
Bayesian analysis suggested the presence of two distinct groups of genotypes
(K = 2). These results will assist future breeding programs and facilitate the
conservation of mangaba.
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1. Introduction

The mangaba tree (Hancornia speciosa Gomes—Apocynaceae) is a Brazilian na-
tive, occurring in various habitats, including the Cerrado and the “restingas” of
the Atlantic Forest, where it is of economic, social and cultural importance [1].
The fruit is used in ice creams, fruit pulp concentrates, jams, jellies and spirits
[2]. The bark is also used in folk medicine and latex production [3]. Despite the
increasing agro-industrial importance of the mangaba, extractivism still presents
itself as the main form of mangaba exploitation.

The exploitation of mangaba fruits, as well as the fragmentation of the natural
habitat of the species, decreased population size, compromising the next genera-
tion by means of natural regeneration mechanisms. This condition, over time,
can decrease the genetic variability in natural populations, developing less vi-
gorous individuals, possibly lacking important economic characters [4].

The use of ex situ strategies, as in Genebanks, is fundamental for the conser-
vation of genetic diversity of the mangaba tree. Considering that much of the
large natural range of mangaba is already devastated, the Brazilian Agricultural
Research Corporation/Embrapa, sub-agency Embrapa Coastal Tablelands, has
maintained an active germplasm collection since 2006. The first step to identify
duplicates and parents is characterizing the genetic diversity of collections and
germplasm banks, which will help in the production of hybrids with greater
commercial potential [5] and a way of reconciling agrobiodiversity conservation
efforts with sustainable development.

Research on the mangaba tree is recent, especially the studies of genetic diver-
sity using different molecular markers, such as RAPD [1] [2], ISSR [6] [7] [8] [9]
and SSR [10]. These studies are important to assist in the knowledge of the ge-
netic diversity of native populations and accessions, and can be used as tools to
design conservation strategies and collection of new accessions to be introduced
into the germplasm bank. Despite the existing studies with Mangaba genebank,
this was the first work with progeny evaluation, aiming to broaden the know-
ledge of the genetic material present in the bank, thus, the study of progeny is
essential so that in the future it is possible to identify and select the best parents
to be used in breeding programs. One of the best ways to assess genetic diversity
is using molecular tools to evaluate whether the genetic diversity within selected
individuals is adequate to constitute cultivated varieties in breeding programs.
Therefore, it is fundamental to understand genetic variability, especially of
poorly studied native species, whose diversity remains almost unknown [2], such
as the mangaba tree [11].

For genetic diversity studies, microsatellite markers (SSR) are suitable tools
due to their codominant nature, the capability of detecting high rates of poly-
morphism, and their high reproducibility [12]. These markers have already been
characterized and tested in natural mangaba tree populations from Brazilian
Northeast [10] [13].

Our aim was to estimate the genetic diversity of the accessions and first prog-

enies from the Mangaba Genebank, using microsatellite markers.
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2. Material and Methods

The Mangaba Genebank (Figure 1) occupies a restinga area, in the municipality
of Itaporanga d’Ajuda, state of Sergipe, Brazil (11°06'40"S e 37°11'15"W). The
first fruiting occurred in 2013 [14] and following the second harvest in 2014, the
fruits were collected, and their seeds were used to generate the first progeny ar-
rays.

Fruits were harvested (Figure 2(a), Figure 2(b)), smimmed and seeds were
treated (soaked in a 2.5% sodium hypochlorite solution for 3 minutes), then
washed in distilled water, and then dried in the shade, at 25°C; after 24 hours the
seeds were sown in polyethylene bags filled with sand, and grown in a green-
house (Figure 2(c), Figure 2(d)).

After six months of growth, leaves of each progeny were collected for molecu-
lar analysis. The number of progeny per accession varied from 7 to 10, for a total
of 96 individuals, of which 87 are progeny from 9 accessions (Table 1).

Total genomic DNA was isolated from —80°C frozen leaf tissue following the
cetyltrimethylammonium bromide (CTAB) protocol [15] as modified by [16].
Extracted DNA was eluted in 50 pL of TE and directly amplified, using 16 pri-
mer pairs [17].

PCR reactions were performed in 10 pL total volume; the reaction mix con-
tained 1.0 uL of genomic DNA, 1.0 pL of 10x Taq PCR buffer, 0.8 pL of MgCl,
(25 mM), 0.2 uL of ANTP (2.5 mM mix), 1.0 puL of each primer (5 mM, forward -
6-FAM and reverse—HEX) and 0.1 U Taq polymerase and 4.9 pL of ultrapure
water. Thermal cycling conditions were 94°C for 1 min; 35 cycles of 95°C for 1
min, annealing temperature specific for each locus (Table 2) for 1 min, and
72°C for 1 min. PCR products generated from a total of 87 samples of mangaba
accessions/progenies were genotyped on a 3730 ABI Genetic Analyzer (Applied
Biosystems, Carlsbad, California, USA) at the Interdisciplinary Center of

Figure 1. Aerial view of mangaba Genebank of Embrapa coastal tab-
lelands. Itaporanga d'Ajuda, Sergipe, Brazil.
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() (d)

Figure 2. Mangaba fruits in tree (a), harvested (b), skimmed (c) and progeny (d).

Table 1. Accession codes, localities of origin of each accession of the Active Germplasm
Bank of Mangaba, Embrapa Coastal Tablelands (BAGMangaba) used in this study.

Accessions Origem
ABP1 Salvaterra, Para
ABP2 Salvaterra, Para
BIP2 Conde, Bahia
BIP4 Conde, Bahia
CAP5 Jandaira, Bahia
LGP3 Mata de Sio Jodo, Bahia
PTP4 Indiaroba, Sergipe
TCP2 Indiaroba, Sergipe
TCP6 Indiaroba, Sergipe

Biotechnology Research facility at the University of Florida. Peaks were scored
using GeneMarker 1.6 (SoftGenetix, State College, Pennsylvania, USA), with

manual corrections as needed.
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Table 2. Annealing temperature (Ta), repeat motifs, product size range in base pairs (bp),
and primer fluorescence tested for genotyping of mangaba. In bold, the selected primers
for genotyping. The product size was established by Rodrigues et al. (2015).

Primers Ta(°C) Repeat motif Product size range Fluorescence
HS01 56 (GCA)(TC)»(GCA), 250 - 310 HEX
HS05 56 (GA),5s(TGC), 200 - 300 HEX
HS06 54 (GA),, 100 - 150 HEX
HS09 56 (CT)5(CT)1o(CT)s 200 - 300 6-FAM
HSO03 56 (CT)s5(CT)5 120 - 180 6-FAM
HS08 52 (CA)(CT),, 200 - 250 6-FAM
HS10 56 (CT),(CT), 100 - 200 HEX
HS11 56 (GA), 100 - 200 6-FAM
HS16 54 (GA)y, 100 - 150 6-FAM
HS17 56 (GA) 100 - 200 HEX
HS18 56 (AG),, 300 - 350 6-FAM
HS20 56 (CT),, 200 - 250 HEX
HS27 54 (GA)y4 100 - 150 6-FAM
HS30 56 (AG)y 180 - 200 HEX
HS32 56 (CT), 200 - 300 6-FAM
HS33 56 (AG),, 80 - 120 6-FAM

We assessed the genetic diversity of mangaba progeny computing: 1) the ob-
served number of alleles per locus (Na) and mean (A); 2) the allele richness (R)
and mean; 3) observed (/,) and expected heterozygosity (H,), calculated fol-
lowing Hardy-Weinberg proportions. A rarefaction method [18], as modified by
[19], was applied to correct the observed number of alleles according to the
sample size. Endogamy was surveyed with the fixation index (£), and the statis-
tical significance was tested using 1000 Monte Carlo permutations of alleles be-
tween individuals. All the analyses were calculated using FSTAT software ver-
sion 2.9.3.2 [20].

Because each progeny plant received at least one maternal allele, the fixation
index (F) was estimated using F= 1 — (H/H,) [21]. Genetic divergence (Fsf) and
Nei genetic identity (GI) matrices were obtained using Genalex software version
6.3 [22]. The relationship between progenies and accessions was evaluated using
the pedigreemm package [23] implemented in R [24].

The genetic diversity was associated with the geographic origin of the acces-
sions using a Bayesian clustering approach implemented in the Structure soft-

ware [25], which also was used to evaluate possible barriers to genetic flow.

3. Results and Discussion

Of the 16 microsatellite markers, 4 (HS01, HS05, HS06 and HS10) were found to
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be polymorphic throughout the accessions. The results for the number of alleles
(A), allele richness (R), expected heterozygosity (), observed heterozygosity
(H,) and inbreeding coefficient (f) are represented in Table 3.

The number of alleles (A) ranged from 7 to 9.3. The number of alleles (A) in
mangaba accessions was higher than reported for Acca selowiana 3.5 (range 2.9 -
4.1), when using microsatellites in natural populations [26].

The allele richness (R) results revealed that progenies with the highest allele
number also have the richest allele indexes. The distribution of allelic frequency
and richness may decrease genetic variability, influence the presence of hetero-
zygotes, and determine conservation program decisions [13].

In all progeny, the mean expected heterozygosity (/H,) was higher than the
observed heterozygosity (), suggesting a homozygote excess, as expected for
populations in Hardy-Weinberg Equilibrium. In a study with H. speciosa, the
microsatellite genotyping revealed higher values of 4, (0.51 - 0.64 among popu-
lations) compared with A, (0.30 - 0.42) [27]. Although the results differ from
our results, it is noticed that the averages for heterozygosity were within the de-
termined standard for the mangaba— H, (0.698) lower than /, (0.750) [28].

All progeny showed positive mean inbreeding coefficient (£), confirming the
excess of homozygotes. The highest fwas observed in progenies from accessions
ABP1, BIP4 and CAPS5, and the lowest in progenies from PTP4 (0.08), TCP6
(0.08), ABP2 (0.06) and BIP2 (0.09). Overall, the positive inbreeding coefficient
reveals an excess of homozygotes, and fewer observed heterozygotes than ex-
pected, according to the Hardy-Weinberg Equilibrium. Furthermore, the in-
breeding coefficient allows detecting deficiency or excess of heterozygotes in the
populations. Our results suggest an inbreeding effect in the evaluated progenies,
based on the homozygote excess.

Inbreeding was also evidenced in populations of goiabeira-serrana (Acca sel-
lowiana) [26] and camu-camu (Myrciaria dubia [HBK] McVaugh) [29], and like
mangaba tree, they are allogamous species, indicating that it is common to find
positive inbreeding coefficients in tropical tree species.

Indexes of genetic divergence in most breedings between accessions showed
moderate diversity —0.05 - 0.15, according to [30]—except for those originated
from parental ABP1 x BIP4; ABP1 x TCP6; ABP2 x BIP4; ABP2 x CAP5; ABP2
x LGP3; ABP2 x PTP4; ABP2 x TCP2 and ABP2 x TCP6 (range 0.280 - 0.599).
Progenies originated from PTP4 x TCP2, PTP4 x TCP6 and TCP2 x TCP6
showed lowest Fstvalues (Table 4).

The genetically most divergent accessions, ABP1 and ABP2, are also the most
geographically distant populations, from the state of Pard. Similarly, the acces-
sions PTP4, TCP2 and TCP6, from the state of Sergipe, are more genetically re-
lated with each other. Genetically related accessions from geographically close
areas may be due to a possible genetic flow in natural mangaba tree populations,
in accordance with [10]. The genetic composition of a species and its structure
in original populations is fundamental for management and conservation ac-

tions. However, it is necessary to understand if the observed genetic structure is
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Table 3. Number of samples (n), number of alleles (A), allele richness (R), expected he-
terozigosity (He), observed heterozygosity (Ho), endogamy coefficient (F) of the 4 eva-
luated microsatellite loci from all progenies derived from nine accessions of Mangaba
Genebank of Embrapa Coastal Tablelands.

Accessions n A R He Ho F
LGP3 10 7.0 5.48 0.83 0.60 0.14
PTP4 10 9.0 6.49 0.87 0.50 0.08
TCP2 10 7.6 5.12 0.78 0.48 0.24
TCP6 7 7.0 6.43 0.91 0.43 0.08
ABP1 10 9.0 6.52 0.92 0.70 0.51
ABP2 10 7.0 6.11 0.85 0.40 0.06
BIP2 10 9.0 6.66 0.90 0.30 0.09
BIP4 10 9.3 6.77 0.91 0.50 0.39
CAP5 10 7.3 6.13 0.90 0.70 0.28
Mean 8.0 6.10 0.87 0.51 0.21

Table 4. Divergence array correlating Fst (genetic divergence index, below diagonal) be-
tween progenies of Mangaba Genebank of Embrapa Coastal Tablelands.

ABP1  ABP2 BIP2 BIP4 CAP5 LGP3 PTP4 TCP2 TCP6

0.000 ABP1
0.065 0.000 ABP2
0.051 0.056 0.000 BIP2
0.280 0.330 0.057 0.000 BIP4
0.174 0.400 0.130 0.128 0.000 CAP5
0.089 0.406 0.098 0.130 0.120 0.000 LGP3
0.074 0.413 0.140 0.084 0.109 0.071 0.000 PTP4
0.123 0.507 0.077 0.057 0.110 0.055 0.042 0.000 TCP2

0.563 0.599 0.057 0.069 0.050 0.079 0.036 0.023 0.000 TCP6

intrinsic to the species or if it is the result of physical-anthropic barriers, such as
habitat fragmentation.

The genetic identity matrix of Nei (GI) (Table 5) revealed that the progenies
of the accesses CAP5, LGP3 (state of Bahia), PTP4, TCP2 and TCP6 (Sergipe
state) were more similar to each other, with similarity values varying between
0.521 to 0.95 of divergence. Mangaba populations of Pernambuco and Alagoas
in the Brazilian Northeast showed high similarity based on Nei’s genetic identity
matrix (Table 5), with values varying between 0.99 and 0.93 [27].

The relationship between progenies and matrices (Table 6) showed that there
may be a greater sharing of genetic material among all progenies of ABP1 access
(0.50), followed by ABP2 accessions (0.25). The progenies from CAPS5 access, for

the most part, obtained lower values.
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Table 5. Nei’s genetix identity matrix (GI) between progenies from accessions of Man-
gaba Genebank of Embrapa Coastal Tablelands. Obtained by Nei genetic distance (Nei,
1977).

ABP1  APB2 BIP2 BIP4 CAP5 LGP3 PTP4 TCP2 TCP6

1.000 ABP1
0.398 1.000 APB2
0.108 0.141 1.000 BIP2
0.125 0.266 0.227 1.000 BIP4
0.072 0.324 0.256 0.629 1.000 CAP5
0.087 0.154 0.167 0.244 0.876 1.000 LGP3
0.284 0.138 0.184 0.209 0.939 0.945 1.000 PTP4
0.230 0.126 0.130 0.152 0.521 0.678 0.900 1.000 TCP2

0.127 0.158 0.078 0.070 0.098 0.789 0.840 0.950 1.000 TCP6

Table 6. Relationship between matrices and progeny from accessions of the Mangaba
Genebank of Embrapa Coastal Tablelands.

Progenies

Matrices 1 2 3 4 5 6 7 8 9 10

ABP1 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500

ABP2 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250  0.250

BIP2 0.230  0.250 0.250 0.250 0.250 0.250 0.250 0.250  0.250  0.250

BIP4 0.230  0.230 0.230 0.250 0.250 0.250 0.250 0.250  0.250  0.250

CAP5 0.230  0.230 0.230 0.230 0.230 0.230 0.230 0.125 0.250  0.250

LGP3 0.250  0.250 0.250 0.250 0.250 0.250 0.250 0.230  0.230  0.230

PTP4 0.250 0.250 0.250 0.250 0.250 0.250 0.125 0.230 0.230  0.230

TCP2 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.230 0.230  0.230

TCP6 0.250 0.250 0.250 0.250 0.250  0.250  0.230

The reproductive system of the mangaba tree is allogamous. The choice of the
parents can influence the discovery and use of genes responsible for characteris-
tics of agronomic interest and genetic divergence, allowing a breeder to obtain
superior plants. Thus, the genetic study of progeny is a breakthrough that pro-
vides information to more accurately select the parents and to better plan cross-
ings.

Based on the Bayesian analysis of clusters, the progeny formed two distinct
genetic groups (k = 2) (Figure 3). The progenies of the PTP4 and TCP2 (Ser-
gipe) accessions were more homogeneous and similar to each other (greater
predominance of red bars). The natural accessions of Para (ABP1 and ABP2)
were also homogeneous (predominance of green bars). The others, although

close, were heterogeneous, and presented mixed (red and green bars).
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Figure 3. Bar plot estimated by Structure depicting group membership (hybrid ancestry).
Each accession is represented by a bar, which is partitioned into K = 2 colored compo-
nents, indicating the accession’s estimated membership coefficients in the X clusters (y
axis). Numbers (x axis) represent geographic origin of accessions 1. ABP1 (Pard); 2. ABP2
(Para); 3. BIP2 (Bahia); 4. BIP4 (Bahia); 5. CAP5 (Bahia); 6. LGP3 (Bahia); 7. PTP4 (Ser-
gipe); 8. TCP2 (Sergipe) and 9. TCP6 (Sergipe).

When genetic information is obtained for poorly known species it permits re-
searchers to select divergent genotypes, as well as to plan conservation strategies
and allow the development of breeding programs [31]. The selection of highly
divergent matrices and progenies in allogamous plants enables, through crosses
between individuals, to maximize heterosis and increase the probability of high-
er segregation in future generations [32].

The mangaba tree has experienced major impact from human activity, com-
promising the survival of the species, which is part of a cultural socioeconomic
context in the areas of occurrence. Research on the distribution and genetic
composition is important to elaborate conservation and breeding strategies of
the species, and the Mangaba Genebank is an example of it. In Sergipe, besides
the genebank, there are 1232.30 hectares distributed in six private reserves, of
which the RPPN of Caju is the largest, with 763.37 hectares, and is also located
in Itaporanga d’Ajuda [33] As mangaba fruiting was recent in the genebank, oc-
curring in the 2014-2015 harvest, our study was the first report on the progenies
of this germplasm, which allowed a preliminary diagnosis of its genetic diversity
and structure. This was the first analysis of genetic diversity with progenies of
the Mangaba Genebank. The enrichment actions of this germplasm are constant
and the results, although preliminary, will help to construct strategies of selec-

tion, crossing and facilitate new research.

4. Conclusion

This was the first survey ever conducted to characterize the genetic diversity of a
mangaba progeny. The microsatellite markers revealed moderate genetic varia-
bility among the progenies and matrices of the accessions, according to the Fst
divergence index. The progenies of accessions ABP1 and ABP2 (Pard) are the
most divergent from the others and can be indicated for introduction in the
BAGMangaba Genebank.
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