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Abstract: J. curcas is a species with wide potential for biofuel production. However, there are
few breeding programs and little information on its genetic structure. Studies indicate that the
species has narrow genetic variability. We quantify genetic variability, and decomposing it
within and among 28 families of a genebank by means of microsatellite markers. Thirty-nine
pairs of primers were tested, of which six were polymorphic for a total of 18 alleles, with a
mean of three alleles/locus. These six markers allowed genetic variability to be estimated within
and among the families through estimates of PIC (0.36), expected (He=0.44) and observed
(Ho=0.48) heterozygosity, inbreeding coefficient (/=-0.03), Shannon-Wiener index (H’=0.71),
and the formation of 11 clusters. Bayesian analysis classified the families in four groups. The
present study was the first to portray the formation of four groups and detect high genetic
variability using only accessions from outside the main center of diversity of the species.
Analysis of molecular variance showed that most of the variability (92.4%) is contained within
families. There was low differentiation among the families (Fst=0.07). Collection of genotypes
within families should be prioritized because they are where greater variability is concentrated.
This strategy was used in setting up the present genebank, which prioritized the collection of
more plants per family, efficiently bringing together greater variability. For the first time, the
diversity statistics revealed high genetic variability to be exploited in this collection, on the
contrary to most studies with J. curcas that have claimed low genetic diversity in the species.
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Introduction

Jatropha curcas L. is an oilseed species
with  considerable potential for biofuel
production due to the high oil content in its seeds,
which ranges from 27% to 42% (Freitas et al.,
2011; Montes et al., 2014; Edrisi et al., 2015;
Freitas et al., 2016; Laviola et al.,, 2017,
Cavalcante et al. 2020; Muniz et al. 2020). In
spite of the potential of the crop, information
regarding its genetic structure and variability is
still lacking, and breeding programs aiming at
obtaining new cultivars are rare.

The use of molecular markers is highly
recommended for characterization of genetic
variability since they are tools that are easily
applied and highly reproducible and allow precise
and rapid prospection of the whole genome
(Caixeta et al.,, 2013). Among the different
molecular markers, microsatellites (SSRs) are the
most recommended since they are highly
polymorphic, multiallelic, and of codominant
inheritance.

Several studies on genetic diversity in J.
curcas using SSR markers have been conducted
(Sudheer Pamidimarri et al., 2009; Rosado et al.,
2010; Wen et al., 2010; Na-ek et al., 2011;
Bressan et al., 2012; Pecina-Quintero et al., 2014;
Salvador-Figueroa et al., 2014; Alves et al.,
2015; Sinha et al., 2015; Santos et al., 2016;
Ribeiro et al., 2017; Vasquez-Mayorga et al.,
2017; Gangapur et al., 2018; Souza et al., 2019).

Results in respect to the genetic variability
reported are contradictories (Li et al., 2017). J.
curcas has been classified as having narrow
genetic variability, mainly in studies conducted
with accessions from regions that are not
considered it centers of diversity. This reduced
variability may be related to different aspects,
such as the type of marker used (dominant or
codominant), the number of markers found, and
the limited number of individuals evaluated
(Maurya et al., 2015). It is also necessary to
consider the origin of these accessions, the center
of diversity, the collection method, and, if it be
the case, even how the germplasm collection was
set up.

When the study of genetic variability is
conducted with accessions not coming from the
center of diversity, it is highly important to study

how the species was introduced in the region or
in the country. J. curcas was introduced in Brazil
mainly for use in establishing hedgerows (Dias et
al., 2012). It is thought that colonizers brought
plant cuttings that had the desired phenotype, and
they were distributed in different regions of
Brazil. Studies performed in germplasm banks
evaluating the genetic variability among
Brazilian accessions of J. curcas have reported
low variability (Alkimim et al., 2013; Santos et
al., 2016). These results may be related to how
the plant was introduced.

The germplasm collection of J. curcas of
UFV was confirmed to have high variability
through morpho-agronomic and yield charac-
teristics (Freitas et al., 2011; Freitas et al., 2016)
and through microsatellite markers (Souza et al.,
2019). However, this last study with microsa-
tellite markers considered only one plant per
accession, evaluating only the diversity among
93 accessions.

Decomposition of genetic variability into
its components within and among families allows
more efficient breeding strategies to be designed
that make it possible to obtain greater genetic
gain in a shorter time. For that reason, the aim of
this study was to quantify the genetic variability
and decomposing it into its components within
and among 28 families of the germplasm
collection of J. curcas through microsatellite
molecular markers.

Material and methods
Collecting families

The Germplasm Collection of Jatropha
curcas L. of UFV is at the Araponga
Experimental Farm (lat 20° 39’ S, long 42° 32’
W, at alt 823 m asl) in the municipality of
Araponga, Minas Gerais, Brazil. It consists of
accessions coming from different geographic
regions of Brazil and of the world (Table 1). Each
accession is represented by 16 plants constituting
families of open pollination, presumed half-sib
families. The Collection is composed of 93
families and two of which are considered
controls, for a total of 1504 plants. It is set up in
five experiments (modules) in a randomized
block design with four replications. Plots consist
of four plants at a spacing of 2 x 2 m, with two
common controls per module (Freitas et al.,
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2016). The control families are representatives of
the genotypes most planted in Brazil.

Table 1. Identification and provenance of the 28
families of Jatropha curcas L. evaluated.

Families Origin

UFVIC4 Santa Vitdria - MG
UFVIC5 Jodo Pinheiro - MG

UFVIC 6 Jodo Pinheiro - MG
UFVIC7 Jodo Pinheiro - MG

UFVIC 10 Jodo Pinheiro - MG

UFVIC 18 Cana Brava Il, Montalvania
UFVIJC 19 Cana Brava Il, Montalvania
UFVIC 22 Ipatinga - MG

UFVIC 31 Poté - MG

UFVIC 33 Itaipé - MG

UFVIC 36 Serra da Ibiapaba - CE
UFVJC 41 Jales - SP

UFVIC 43 Matozinhos - MG

UFVIC 47 Pirajai - SP

UFVIC 53 Barbacena - MG

UFVIC 57 Janauba - MG

UFVIC 68 Sdo Luis - MA

UFVJC 70 Ariquemes - RO

UFVIC 71 Jodo Pinheiro - MG

UFVIC 80 Unknown

UFVIC 83 Araras - SP

UFVIC 84 Petrolina - PE

UFVIC 86 Jequié - BA

UFVIC 90 Ipiad - BA

UFVIC 93 Itaité - BA

UFVJC 98 Iraquara - BA

UFVIC 102 Unknown

UFVJCC1 Sector 2 Bento, Janauba - MG

For genetic-molecular evaluation within
and among families of the Collection, 28 families
considered as most divergent were selected, as
reported by Souza et al. (2019). It is noteworthy
that Souza et al. (2019) evaluated the variability
among 93 families of this same Collection. In the
present study, each family was represented by
seven plants chosen at random among the 16
available, together with three plants from the
control families, for a total of 187 plants
evaluated. Samples were collected of young,
completely developed, healthy leaves of bright
green color; they were wrapped in aluminum foil,
duly identified, and placed in a styrofoam box
with ice for transport to the Biotechnology and
Plant Breeding Laboratory of the UFV where
they were stored in an ultra-freezer at -80 °C.

After approximately three days in the ultra-
freezer at -80 °C, the samples were placed in the
containers of the freeze dryer (ModulyoD) with
their respective identifications. The time
necessary for complete freeze drying of the
material in this device was 30 hours. After that,
the samples were macerated in crucibles and
stored in 2-mL microtubes.

DNA extraction

DNA was extracted in the Coffee
Biotechnology Laboratory (BioCafé) in the
BIOAGRO of the UFV, based on the coffee
protocol proposed by Diniz et al. (2005), with
modifications. Approximately 50 mg of each
macerated leaf tissue sample was placed in 2-mL
microtubes that were previously identified. To
this was added 1.5 mL of the extraction solution
(0.35 M Sorbitol, 0.10 M Tris-HC1 pH 8.0, 5 mM
EDTA, 2 M NaCl, 2% CTAB (w/v), 0.2 M Tris-
HCI, 0.05 M EDTA, 5% sarkosyl (w/v), 1%
sodium bisulfate (w/v), 0.1% activated carbon
(w/v) and 2% PVP-40 (w/v)) pre-heated to 65 °C.
The tubes were incubated in a water bath at 65 °C
for 40 min and were inverted every 10 minutes.

After incubation, the samples were
centrifuged for 10 minutes at 14000 rpm and the
supernatant was transferred to new tubes, with
the addition of 600 puL of chloroform-isoamyl
alcohol (24:1). The tubes were manually inverted
until complete homogenization and centrifuged
for 10 minutes at 14000 rpm, and the upper
(aqueous) phase was removed and transferred to
a new tube. This step was repeated. Then 600 pL
of the supernatant was transferred to another
microtube, and an equal volume (600 pL) of cold
isopropanol was added, gently inverting the
microtube to homogenize the mixture.

The microtubes were kept for 2 hours at -
20 °C, and then the material was centrifuged for
20 minutes at 14000 rpm. The supernatant was
discarded and the pellet washed with 70% and
95% ethanol. The DNA was re-suspended in 200
uL of TE (10 mM Tris-HCI pH 8.0, 0.1 mM
EDTA pH 8.0), containing RNAse in the final
concentration of 80 ug/uL and incubated in a
water bath at 37 °C for 30 minutes. The DNA was
precipitated with 40 pL of SM NaCl, plus 500 pL
of 100% isopropanol, incubated for 2 hours at -
20 °C, and then centrifuged for 20 minutes at
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14000 rpm. The supernatant was discarded, and
after washing with 70% and 95% ethanol, was re-
suspended in 200 pL of autoclaved ultrapure
water. DNA was quantified using a spectropho-
tometer NanoDrop 2000 from Thermo Scientific.
The final concentration was adjusted to 25 ng/pL
and the DNA stored at -20 °C.

Microsatellite molecular markers (SSRs)

Thirty-nine pairs of microsatellite primers
developed, validated, and described for J. curcas
were tested (Table 2). The PCR reactions were
performed with 50 ng of DNA for a total volume
of 20 pL, containing 1.5 mM MgCl,, 150 uM of
each dNTP (dATP, dTTP, dGTP, and dCTP), 0.4
uM of each primer, 1x of Taq buffer with KCl
[500 mM KCI, 100 mM Tris-HCI (pH 8.8), 0.8%
Nonidet P40], and 1.2 U of Taq DNA
Polymerase (Ferramentas Life Science).

Amplifications were made in a thermoscy-
cler (MJ Research, PTC 100), whose
programming consisted of initial denaturation at
94 °C for 2 min, with a step of touchdown PCR
composed of 7 cycles, beginning with 94 °C for 30
s, annealing temperature reducing 1 °C in each
cycle (from 57 °C to 51 °C) for 30 s, and extension
at 72 °C for 40 s. This was followed by an
additional 35 cycles at 94 °C for 30 s, annealing
temperature at 51 °C for 30 s, extension at 72 °C
for 30 s, and finishing with an extension cycle of
72 °C for 15 minutes. The amplification products
were separated in 1 h of vertical electrophoresis in
polyacrylamide gel, 6x denaturing solution,
stained with silver nitrate, according to the method
described by De Brito et al. (2010).

Statistical analyses

The data were codified as codominant.
Thus, when the locus exhibited four alleles, the
codes 11, 22, 33, and 44 were attributed to the
homozygote forms and 12, 13, 14, 23, 24, and 34
to the heterozygote forms. Only the data generated
by polymorphic loci were used for analyses. The
Popgene 1.31 software (Yeh and Boyle, 1997)
was used to calculate the gene and allele
frequencies, the observed number of alleles (na)
and effective number of alleles (ne) (Kimura and
Crow, 1964), the observed heterozygosity (Ho)
and expected heterozygosity (He), also described
as Nei’s genetic diversity (Nei, 1973), the
inbreeding coefficient or Wright’s fixation index

(f) (Wright, 1978), the Shannon-Wiener diversity
index (H”) (Lewontin, 1995), and Nei’s genetic
distance matrix (Nei, 1972). The mean
Polymorphic Information Content (PIC) (Botstein
et al., 1980) was calculated with the Genes
software (Cruz, 2013).

A circular dendrogram was constructed
using the unweighted pair group method with
arithmetic mean (UPGMA), from Nei’s (1972)
genetic distance, with the software Mega (Kumar
et al., 2016). The Structure software (Pritchard et
al., 2000), based on Bayesian statistics, was used
to study the population structure. K values ranging
from 1 to 20 were tested with 20 replications. Each
run was implemented with 500,000 initial
interactions and 1,000,000 Markov Chain Monte
Carlo (MCMC) simulations. For definition of the
best number of genetic groups, the AK calculation
was made, as described by Evanno et al. (2005),
using the Structure Harvester software (Earl and
vonHoldt, 2012).

Analysis of molecular variance (AMOVA)
was used to reveal the partition of variance in its
components within and among families. AMOVA
was processed using the data codified according
to the method described by Excoffier et al. (1992)
using the Genes software (Cruz, 2013).

Results

Of the 39 pairs of primers tested, nine
exhibited amplification of the fragments with
clear and individualized bands. Of these nine, six
were efficient in identifying polymorphism in the
187 plants of the Germplasm Collection of
Jatropha curcas L. (Table 2) and were used in the
analyses of population structure and diversity.

The allele frequencies observed ranged
from 0.0080 (SSRY 146 locus) to 0.9572 (SSRY
113 locus). The A allele was the most frequent
from each locus and ranged from 0.5027 (SSRY
159) to 0.9572 (SSRY 113). The loci SSRY 159
and SSRY 146 exhibited the best detection of
polymorphism because they revealed the greatest
number of alleles (4), with wide variation of
frequency (Table 3). The six polymorphic loci
analyzed allowed identification of 18 alleles (na),
with a mean of 3 alleles per locus and rang from
2 to 4. The effective number of alleles (ne)
ranged from 1.09 to 2.70, with a mean of 1.93 +
0.52 (Table 4).
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Table 2. Identification and sequence of the microsatellite primers used in evaluation of genetic variability
between and within families of Jatropha curcas L.

Primers

Sequences 5'-3'

Forward Reverse
3CESR 0163 AACCACAGGAGTTGGTAATG GAAAGAAGCAACAGAAATGG
3CESR 0333 ACAATATACAATGGCGATTTC TAATGAATCTGTAGGACCCG
3CESR 0399 CAATGCATGGATCATAAGTG CTCAAGTCAAATCTGGGAAC
3CESR 0836 CTTCCGCCTTCTCTTCCC CATGGTTATCAGCCCATAGT
3CESR 0756 CAGGTTCGTCTTCTTCAACT ATATATGATCCCGACAACAA
JCENA 87 ATCTGGAGTGAAACCAAAGA CACATGGTAAGCATTACAAGC
JCENA 27 CATTTTTCATCAAGGCCTAC GTATTTCTCCACACGCAACT
JCENA 41 CTTTCTTACCCCTCATCCTT AAAGCCAGGACATACTTGAA
JCENA 47 GCCCGAGTTCTCTATAAGGT CCATGGACTATCTCAACTTC
JCENA 63 GCGTGGACTATCTCAACTTC CTGATTACGCAATGGAACTA
2)cbs 10 CATCAAATGCTAATGAAAGTACA CACACCTAGCAAACTACTTGCA
2)cms 21 TAACCTCTTCCTGACA ATAGGAAATAAGAGTTCAAA
2)cps 1 GAGGATATTACAGCATGAATGTG AATCAATCAATCTTTGGCAAA
3SSRY 63 TCAGAATCATCTACCTTGGCA AAGACAATCATTTTGTGCTCCA
3SSRY 132 CTTTTTGCCAGTCTTCCTGC TGTCCAATGTCTTCCTTTCCTT
3SSRY 184 TCATCCCAAAAATACCTCTAACA CTCCGACAAGCATGTGAATG
3SSRY 107 CCATTTTCTCTTGCTTCTGTCA TGGTTTGAACTATAAAATCCTT
3SSRY 150 CAATGCAGGTGAAGTGAATACC AGGGTGCTCTTCAGAGAAAGG
3SSRY 153 TTCCAGAAAGACTTCCGTTCA CTCAACTACTGCACTGCACTC
3SSRY 133 AGCATGTCATTGCACCAAAC CGACTGCATCAGAACAATGC
3SSRY 50 CCGCTTAACTCCTTGCTGTC CAAGTGGATGAGCTACGCAA
3SSRY 7 TGCCTAAGGAAAATTCATTCAT TGCTAAGCTGGTCATGCACT
3SSRY 146 TTCCCTCGCTAGAACTTGTC CTATTTGACCGTCTTCGCCG
3SSRY 113 TTTGCTGACCTGCCACAATA TCAACAATTGGACTAAGCAGC
3SSRY 46 TCAGGAACAATACTCCATCGAA CGCTAAAGAAGCTGTCGAGC
3SSRY 53 CCATGCAGTAGTGCCATCTTT ATTTTCACCAACCGCAACTC
3SSRY 136 CGACTGCATCAGAACAATGC AGCATGTCATTGCACCAAAC
3SSRY 100 ATCCTTGCCTGACATTTTGC TTCGCAGAGTCCAATTGTTG
3SSRY 127 CTTCGCCCTCTACAAAAGGA GCTGAACTGCTTTGCCAACT
3SSRY 61 GGCTGCTTTACCTTCTACTCAGA CAAGAACGCCAATATGCTGA
3SSRY 4 ATAGAGCAGAAGTGCAGGCG CTAACGCACACGACTACGGA
3SSRY 185 GAAGAAGACGGTTAAAGCAAGTT ATGCCAGTTTGCTATCCAGG
3SSRY 177 ACCACAAACATAGGCACGAG CACCCAATTCACCAATTACCA
3SSRY 151 AGTGGAAATAAGCCATGTGATG CCCATAATTGATGCCAGGTT
3SSRY 146 TTCCCTCGCTAGAACTTGTC CTATTTGACCGTCTTCGCCG
3SSRY 159 CTTATCCTGTCCCCTCCACC GACAATTGCATAGGAAGCACA
3SSRY 119 AACATAGGCATTAAAGTTTGGCA GCAAATGTGTTTTCAATATAAGGC
3SSRY 58 GAAGGACAAGCAAAGAAGCAA TGGAATCCAATATTGATGACTAAGA
2)CDS 24 GGATATGAAGTTTCATGGGACAAG TTCATTGAATGGATGGTTGTAAGG

Primers sources: ' Bressan et al. (2012); 2 Sudheer Pamidimarri et al. (2009); > Wen et al. (2010).
In bold are the primers used in the present paper.

Table 3. Frequencies of the alleles Ai, Az, A3, and A4 of the six polymorphic loci obtained from microsatellite
markers and used in evaluation of genetic variability between and within 28 families of Jatropha curcas L.

Loci A1 A2 As As
JCENA 87 0.5535 0.4465 - -
SSRY 113 0.9572 0.0428 - -
SSRY 159 0.5027 0.0187 0.2059 0.2727
SSRY 146 0.6070 0.0080 0.0187 0.3663
SSRY 100 0.5856 0.0294 0.3850 -
SSRY 151 0.6818 0.2968 0.0214 -
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Table 4. Diversity statistics for the 28 families of Jatropha curcas L. generated by six microsatellite molecular

markers.

Loci na ne Ho He f H’ PIC
JCENA 87 2 1.98 0.83 0.49 -0.68 0.69 0.37
SSRY 113 2 1.09 0.04 0.08 0.48 0.18 0.08
SSRY 159 4 2.70 0.40 0.63 0.36 1.10 0.57
SSRY 146 4 1.99 0.60 0.50 -0.22 0.78 0.40
SSRY 100 3 2.03 0.45 0.51 0.11 0.78 0.41
SSRY 151 3 1.81 0.55 0.45 -0.23 0.70 0.36
Mean 3 1.93 0.48 0.44 -0.03 0.71 0.36
Standard deviation 0.89 0.52 0.26 0.19 0.43 0.30 0.16

Total 18

na: Total number of alleles per locus; ne: Effective number of alleles; Ho: Observed heterozygosity; He: Expected
heterozygosity; f: Inbreeding coefficient; H’: Shannon-Wiener diversity index; and PIC: Polymorphic information content.

The estimates of observed heterozygosity
(Ho) and expected heterozygosity (He) are
important for quantifying genetic diversity and
the occurrence of random mating within
populations. In this study, Ho ranged from 0.04
to 0.83, with a mean of 0.48 + 0.26, while He
ranged from 0.08 to 0.63, with a mean of 0.44 +
0.19 (Table 4). These estimates confirm the wide
heterozygous nature of the Collection. The
markers SSRY 113, SSRY 159, and SSRY 100
identified lower heterozygosis in these loci (0.04,
0.40, and 0.45, respectively), in line with positive
values of the inbreeding coefficient (0.48, 0.36,
and 0.11, respectively). The other markers
exhibited negative estimates for the inbreeding
coefficients, ranging from -0.68 to -0.22, and
mean of -0.03 + 0.43. Negative values for this
coefficient are interpreted as zero inbreeding,
i.e., there are no preferential crosses. These
results indicate that the families of the Collection
come from populations under random mating.

Another important estimator in characteri-
zation of diversity is the mean polymorphic
information content (PIC), which measures the
discriminatory power of the marker, considering
not only the number of alleles per locus but also
the frequency of the allele. The estimates of PIC
ranged from 0.08 (SSRY 113) to 0.57 (SSRY
159). The marker SSRY 113 had the lowest PIC.
The values estimated for the Shannon-Wiener
index (H”) ranged from 0.18 (SSRY 113) to 1.10
(SSRY 159), with a mean of 0.71 £+ 0.30 (Table
4), indicating high variability in the families
evaluated. Some high wvalues of standard
deviation result from the expressive variability
contained in the small data set (n = 6). It should

be remembered that the standard deviation is a
measure of dispersion expressed in the same unit
of data and corresponds to the square root of the
variance.

For analysis of diversity among the 187
plants, disregarding family structure, the
UPGMA dendrogram was constructed using
Nei’s genetic distance matrix (Nei, 1972) (Figure
1). Eleven clusters were formed, separated in the
following manner: Cluster I (red, 45 plants),
Cluster II (green, 17 plants), Cluster III (dark
blue, 2 plants), Cluster IV (purple, 3 plants),
Cluster V (brown, 12 plants), Cluster VI (gray,
14 plants), Cluster VII (light green, 5 plants),
Cluster VIII (yellow, 45 plants), Cluster IX (blue,
27 plants), Cluster X (light blue, 10 plants), and
Cluster XI (orange, 7 plants). This therefore
showed wide variability among plants and, in
addition, that many plants belonging to the same
family were distributed in different clusters. The
controls, which represent the commercially
planted genotypes, were separated into different
clusters: UFVIJCT1 3 and UFVJCTI1 5 in the
yellow cluster and UFVJCTI 4 in the green
cluster. The UFVIJC 43 and UFVJC 41 families
had the largest number of plants (5 plants each)
in the same cluster (cluster I). This indicates that
these families have lower variability among their
individuals compared to the others. In contrast,
the individuals of the UFVIJC 19 family had the
highest variability, with distribution in six
different clusters (I, IV, V, VIII, IX, and X). The
plants UFVJC 10 7, UFVJC 19 1, and UFVIC
31 2 formed a distinct cluster (cluster [V), which
indicates greater similarity among these plants,
although they come from different families.

p. 38



Functional Plant Breeding Journal / v.3, n.1, a4

0.05

UPAIC 57 4

UFYIC 418
UFviJC 47 &

My 2
STANYS B, @
O tiey o MR e M o
335890050
:L::“:%ggéé’ “}%’goi@&wco
) 3 PR
:}D‘:’C@é}%{g}é\%v@bb
AL N EATN
SEE e
P Tt
WA
SEN e e
3 3 o
S o
R LN
e @5026‘%;,‘9
S e?
\)\S?i 36 %Qb‘
e,
Satfond
3 e lfl’\
\)%q)o Bt
\);\[ﬁc" -T'\N'
R 2%
WY o
\)?q 063
R &
U e
e Ay T
UF’\“Jngﬁ
Uy cAn2 T
N
Fvic 318
UF\{JC.981
UFVJG 109
URWJG 3610
UFYIC 57 6
UFYIC T 4
HFVJ0534
g
UFVJcsss
3
Urivyc
12y 10 1
Urtn 364
Up T 77 4
UG 10 4
UF‘|/JC33
UG 3 O
UPVJC & g
UAYC g T
(ﬁ;ﬁpfc 03
s
Gﬁ]/"t‘ 707
00"\1:;@.?7‘97
Ll el
e s
(/o”z{,go;‘o;?
GCa Ve
v 7(9)
OOK?T/VC‘ % o
C/’(Lvo & F
., (A {9 5
G AT e
PALS XAt SN
GG —{2_‘2460 7,
CC‘Z'Q_ A
CG,‘{)_Q S T g\% A
CHB LB
CCHmD L Al AT
coceERRN i ed EAT
= ¥ &
AIRL B0 G0 w
2225""{6(60 m%u'\ o
3?)‘50?,_?. g%’,ﬁ’ o
zHEBR3 e
LY

Figure 1. UPGMA dendrogram, based on Nei’s genetic distance matrix, for evaluation of diversity among 187

Jatropha curcas L. plants.

Analysis with the Structure software allow-
ed the structure of the population to be ascertained
and the ancestry of the individuals constituting the
families to be visualized. Based on calculation of
AK, k = 4 (four distinct groups) was the optimal
number to classify all the families and study the
population structure (Figure 2), according to the
method proposed by Evanno et al. (2005).

The proportion of alleles coming from each
genetic group (four colors) and for each indivi-
dual (vertical bar) is shown in Figure 3. Analysis
of the structure of the population in the four
groups reveals some individuals that have greater
variation in division of the alleles, indicating
admixture in the ancestry of the populations.

DeltakK = mean(|L"(K)|) / sd{L(K))

35
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5 \_/\J
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Figure 2. Estimated values of Ak for characterization
of the best number of groups according to the method
proposed by Evanno et al. (2005).
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Figure 3. Display of population structure with separation in four groups of the 187 plants of the Collection of
Jatropha curcas L.
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Individuals from different families were
distributed in the four groups, and some plants
had similar proportions of alleles, such as
UFVIC 47 _5 and UFVIJC 31 4.

The groups were formed by families coming
from different states of Brazil, such that there was
no parallelism between the regions of collection
and the formation of groups. Few families had all
their individuals joined in only one group; among
them are UFVJC 86 (blue group) coming from
Jequié, Bahia state; UFVIC 4 (yellow group) from
Santa Vitoria, Minas Gerais state; and UFVIC 41
and 47 (red group) from Jales and Pirajai, Sao
Paulo state, respectively. The three plants of the

control family were separated in the yellow
group (UFVJC T1 3 and UFVJC T1_5) and red
group (UFVIC TI 4). Evaluation of the
proportion of the alleles corresponds with
analysis of the dendrogram, since each one of the
three plants had different proportions.

Analysis of molecular variance (AMOVA)
with the six markers showed that 92.40% of the
genetic variation is contained within the families
(Table 5). Only 7.59% of the total variation
occurs among the families. The estimator Fsr
represents differentiation among families, and
the wvalue found (Fst=0.07) indicates low
differentiation among them.

Table 5. Analysis of molecular variance (AMOVA) of 28 families of Jatropha curcas L.

Sources of variation df SS MS Variance components % of variation Fst
Among families 27 15.79 0.58 0.03 7.59 0.07
Within families 159 60.05 0.37 0.37 92.40
Total 187 75.84 0.40 0.40

Discussion used six SSR markers and identified from 2 to 5

The existence of genetic variability in
germplasm collections is important in breeding
programs for selection of parents with the aim of
obtaining the best combination of favorable
alleles and exploiting the manifestation of
maximum heterosis. In addition, knowledge of
variability is important to maintain genetic
resources available. Decomposition of variability
into its components within and among families
allows efficient strategies to be designed for
collecting germplasm and assisting selection.
Few studies of diversity within and among
families of Jatropha curcas L. have been
developed with microsatellite molecular markers
(SSRs) (Montes Osorio et al., 2014; Salvador-
Figueroa et al., 2014; Maurya et al., 2015). This
is a pioneering study with the aim of evaluating
the genetic variability families and within a large
number of families (28), with a total of 187
plants, coming from different Brazilian states.

The diversity statistics estimated in the
present study corroborate those reported in recent
studies on J. curcas. The mean number of alleles
per locus (na) was 3, similar to that reported by
Santos et al. (2016). In that study, 43 genotypes
were evaluated with 11 SSR markers, and 2 to 5
alleles were identified. Del Angel et al. (2016)

alleles, with a mean of 3 alleles/locus. Bressan et
al. (2013) used five SSR markers to test the
reproductive system and reported variation from
2 to 6 alleles, with a mean of 4.7 alleles/locus.

The effective number of alleles (ne)
quantifies the alleles that had significant
frequency in the population. The values of ne
found (1.09 to 2.70) were greater than those
reported by Wen et al. (2010) and Salvador-
Figueroa et al. (2014); however, they were similar
to those reported by One et al. (2014). Wen et al.
(2010) obtained ne values that ranged from 1.45
to 1.67 in their study with 45 accessions evaluated
with SSR markers. Salvador-Figueroa et al.
(2014) found ne values from 1.50 to 1.82. One et
al. (2014) evaluated a F» population with SSR
markers and reported ne from 1.35 to 2.71.

The polymorphic information content (PIC)
indicates the discriminatory power of the marker.
PIC values ranged from 0.08 to 0.57, with a mean
0f0.36 £0.16, and, for that reason, are considered
moderately informative (Botstein et al., 1980).
Vésquez-Mayorga et al. (2017) found similar
values (PIC from 0.04 to 0.67) upon evaluating 50
accessions from Costa Rica; however, they had a
lower mean value (0.27), exhibiting moderate
informativity. Montes et al. (2014) studied
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diversity in 70 accessions coming from Africa,
Asia, and South America and found lower values
of PIC (0.01 to 0.50, and mean of 0.15). Montes
et al. (2014) associated these values with the high
homozygosity in the accessions evaluated and
they suggested the occurrence of high rates of self-
pollination in them. Nevertheless, the values
found in the estimates of observed heterozygosity
(0.04 to 0.83) in that study show high variability
in the accessions.

The estimates of observed heterozygosity
(Ho) and expected heterozygosity (He) allow not
only genetic diversity to be evaluated, but also
the structure of the populations to be inferred.
The mean values obtained in this study (Ho=0.48
and He=0.44) were of the same magnitude as
those found by One et al. (2014) (Ho=0.47 and
He=0.43) and by Santos et al. (2016) (Ho=0.64
and He=0.40). Santos et al. (2016) evaluated 48
accessions from the germplasm collection of
EPAMIG through SSR and ISSR markers.

The estimates of the inbreeding coefficient
(f), also called the fixation index, are used to
identify the occurrence of preferential crosses
among related individuals in the population,
which, consequently, alter the frequency of
heterozygotes. Negative values for this estimate
are interpreted as zero inbreeding, such that in the
population there is no occurrence of mating
between related individuals (Cruz et al., 2011).

The positive f in three of the six markers
evaluated may be related to the occurrence of self-
pollination among some plants of the Collection.
Alves et al. (2015) identified variations in the
crossing rate (tm=0.88) and occurrence of self-
pollination (s=0.12) in J. curcas populations.
Mixed crossing rates (tm=0.68 and s=0.32) were
also found by Bressan et al. (2013). This dynamic
process in reproduction of the species can
generate plants with different levels of inbreeding,
such as identified in these studies. However, based
on the mean value of f (-0.03) of the present study,
it can be affirmed that the inbreeding level was not
significant. It should be noted that these values are
for the markers and might not reflect the values in
the population. A similar value for f (f=-0.10)
was reported by Vasquez-Mayorga et al. (2017).

The Shannon-Wiener index (H’) is highly
used as a measure of diversity within popula-

tions. In its calculation, it considers the frequency
of the genotype and the number of genotypic
classes for a given locus as a probability. For that
reason, it is considered an index of genotypic
richness. The values found for H’ ranged from
0.18 to 1.10 (mean 0.71), which revealed the
existence of high genetic variability within the 28
families of the Collection. Wen et al. (2010)
reported H’ values from 0.41 to 0.50, and
although the accessions they studied were lower
than those described in the present study, these
authors considered them as having high
variability. A H’ value of 0.55 was found by
Arolu et al. (2012) when they evaluated 48
accessions. However, One et al. (2014) obtained
H’ values ranging from 0.13 to 1.04, in line with
the present study.

The formation of 11 clusters by UPGMA
based on Nei’s genetic distance matrix shows
wide variability among the families of the
collection, as previously reported by Freitas et al.
(2011) and Freitas et al. (2016), using
morphoagronomic and grain yield data, and by
Souza et al. (2019) using SSR markers. Most of
the accessions evaluated come from the North
region of the state of Minas Gerais, corroborating
the idea of this region as a secondary center of
diversity of the species, as proposed by Dias et
al. (2012).

Analysis of the population structure carried
out on the Structure software showed distribution
of the families in four groups (k=4), as well as
admixture in the ancestry of some individuals.
However, this fact was not related to the region of
collection or to the order of the families. Similar
results (k=4) were reported by Maurya et al.
(2015) upon evaluating 96 accessions of J. curcas
from different regions of the world, including
toxic and non-toxic genotypes. In that case, the
authors attributed this admixture to phylogenetic
affinity of the accessions. Ovando-Medina et al.
(2011), studying five populations from Mexico,
found the formation of five groups (k=5), which
were related to the geographic origin of the
populations, although they also identified the
occurrence of admixture in the ancestry of the
accessions. To explain this mixture, the authors
raised hypotheses such as the biogeography of the
species, which led to the occurrence of crosses
between individuals from different origins, a fact
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that would sustain the idea of the heterozygotic
origin of the population. Both the aforementioned
studies contain accessions from the center of
diversity, which may have contributed to the
formation of the high number of groups. The
present study is the first to portray the formation
of four groups and detect high genetic variability
using only accessions from outside the main
center of diversity of the species.

Santos et al. (2016) used SSR and ISSR
markers and detected the formation of three gene
groups (k=3) upon evaluating the genetic diversity
of 48 accessions from the EPAMIG Collection, all
from Minas Gerais. However, Santos et al. (2016)
reported low genetic variability among the
accessions. Alkimim et al. (2013) evaluated the
genetic diversity among 46 accessions of this
same Collection with RAPD and ISSR markers
and confirmed low genetic variability among the
accessions. The results of the two previous studies
may be attributed to the discriminatory power of
the markers used, namely ISSR and RAPD. Since
they are dominant, they do not allow identification
of heterozygotes, and thus they become less
informative than the codominant microsatellite
markers. This contrast shows the efficacy of the
setup strategy of the UFV Collection in repre-
senting each family by 16 plants. This strategy
made it possible to gather greater genetic
variability in the collection, making it more
representative of the diversity that exists in the
species.

Analysis of Molecular Variance (AMOVA)
revealed that most of the genetic variation found
is contained in the families (92.4%), with a
differentiation index (Fst) of 0.07 among families.
Ovando-Medina et al. (2011) reported 87.8% of
the variation occurring within the populations,
with Fst of 0.04 upon evaluating five populations
in Mexico, indicating high variability and
significant differentiation among them. Maurya et
al. (2015) detected 94.0% of the total variation
within the populations upon studying 96 acces-
sions through SSR markers, with a differentiation
index of 0.06, considered high, in spite of
reporting low variability in the accessions studied.
Mavuso et al. (2016) used ISSR markers to
evaluate 13 populations of J. curcas and
quantified the variation within the populations as
68.7%. Arolu et al. (2012) reported 94% of the

variation occurring within the populations which
was composed by 48 accessions. In contrast,
Grativol et al. (2011) quantified the genetic
diversity of 332 accessions of J. curcas coming
from eight states of Brazil using ISSR markers and
reported low variability, and identified that most
of it occurred among accessions (37.4%) and
among regions (33.4%). The authors attributed
this low genetic divergence to the consequences
of selections made by producers for the purpose of
obtaining higher yields. Those studies report
similar results, contrasting with those of the
present study, where low differentiation was
shown among the families of the UFV Collection
and high genetic variability, with variation within
families as its most important component.

Freitas et al. (2011) and Freitas et al. (2016)
conducted the first studies on genetic diversity of
the UFV Collection of J. curcas using morpho-
agronomic and grain yield characteristics. Souza
et al. (2019) confirmed this diversity among the
accessions by means of microsatellite markers
and revealed the formation of new clusters. In the
present study, the high variability among the
previously described families was confirmed
with the formation of 11 clusters. In addition, it
was possible to show that this wide genetic
diversity occurs within families (92.4%). This
result confirms the success of the strategy used in
formation of the present collection, in which the
collection of a greater number of seeds per
families was endorsed instead of a greater
number of accessions. The lack of adoption of
this collection strategy in the formation of other
collections may be considered the reason why
other studies of diversity report low genetic
variability in the species.

Based on the results presented in this study,
we suggest that the step of selection of genotypes
in breeding programs be conducted in experiments
with a large number of replications and in varied
conditions of environments, corroborating Santos
et al. (2016). Due to the high genetic variability
within families, selection should be practiced with
greater emphasis within families, selecting and
collecting more plants per family.

Final considerations

The six microsatellite molecular markers
used (JCENA 87, SSRY 113, SSRY 159, SSRY
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146, SSRY 100, and SSRY 151) were efficient in
quantifying the genetic diversity within and
among the 28 families of the Jatropha curcas
UFV genebank. It was found that the variance

These results are the first to show the
components of variance within and among
families of Jatropha curcas L. coming from
different regions of Brazil.

within families is responsible for 92.4% of the
total variability. Therefore, greater attention is
recommended in the step of selection in breeding
programs, giving emphasis to selecting more
plants per family.
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