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Abstract

Jatropha curcas L. is a perennial oleaginous plant commonly used in
tropical areas as a medicinal plant in the construction of defensive hedges
against animals, and in the fight against water erosion. It produces oil which
can be used as agrofuel or soap-making. Despite its potential, the species
remain under-exploited and its genetic diversity is still not very well-known
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in Burkina Faso. This paper focuses on determining the level and structure of
the genetic diversity of 50 accessions collected in three phytogeographical
sectors of the country using 12 microsatellite markers. Results revealed a total
of 37 alleles in the studied population with an average of 3 alleles per locus,
a number of 2.717 effective alleles, and a Shannon diversity index of 1.663.
Mean observed heterozygosity and mean expected heterozygosity were 0.144
and 0.356, respectively. Accessions were structured into three genetic groups.
The high genetic distance of 0.177 was observed between groups A and B,
and a low genetic distance of 0.075 was observed between groups B and C.
These preliminary results showed that microsatellites are promising tools that
can be used for the characterization of J. curcas. They indicate that the
population studied has a low genetic diversity, but it is sufficient to develop
programs for conservation and sustainable development of the species.

Keywords: Burkina Faso, genetic variability, Jatropha curcas, SSR markers,
under exploited plant

Introduction

Jatropha curcas L. is a perennial oleaginous plant commonly used in
the tropics as a medicinal plant in the construction of defensive hedges against
animals, and in the fight against water erosion (Domergue & Pirot 2008;
Chandra Pandey et al., 2012). It produces oil which can be used pure after
filtration as fuel in indirect-injection diesel engines or as raw material for
biodiesel production by transesterification (Berchmans & Hirata, 2008;
Hamad, 2009). Indeed, J. curcas provides various products that contribute to
poverty reduction, including the promotion of income-generating activities
mainly for women (sale of seeds and soap) and the valorization of oilcakes as
organic fertilizers (Henning & Ramofafeno, 2005). According to Ouattara
(2013), J. curcas is an opportunity for developing countries to improve
farmers' incomes and even stimulate the rural economy. Despite the potential
of the species, its genetic diversity is still not very known. Indeed, J. curcas
is still essentially a wild plant that must be domesticated and genetically
improved for its extension (FAO & IFAD, 2010; Coulibaly et al., 2015).
According to Ouattara (2013), the viability of the J. curcas-based biodiesel
industry is essentially based on highly productive and oil-rich J. curcas
genotypes. Unfortunately, there is very little information on the level of
productivity of J. curcas in relation to its genetic potential and cultivation
techniques. This is because despite strong recommendations for improving
the species for intensive production, few references exist on the genetic
characteristics of the plant. Previous studies on Burkina’ J. curcas was
focused on its agromorphological variability (Sama et al., 2013;
Tiendrebeogo et al., 2016a), its physiological behavior in the face of stress
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(Ouedraogo et al., 2016), and the oil content of its seeds (Tiendrebéogo et al.,
2016b; Sama et al., 2018).

However, having adequate knowledge of the genetic diversity of
species is essential for the design of marker-assisted breeding programs
(Pecina-Quintero et al., 2011). According to Basha and Sujatha (2007),
molecular markers have an advantage over morphological markers in
studying the genetic diversity of species. This is because they are unaffected
by environmental factors and can provide reliable information. The reliability
of information on genetic diversity is essential to optimize conservation and
use strategies for plant genetic resources (Bellon et al., 1997). Among the
molecular markers, microsatellites or SSRs (Simple Sequence Repeats) have
proved effective as a tool for analyzing the genetic diversity of several
species. This is as a result of their multi-allelic character, their reproducibility,
their codominance, their heritability, their abundance, and their broad
distribution in the genome (Gupta & Varshney, 2000). However, these are
DNA sequences consisting of di, tri or tetra-nucleotide motifs repeated in
tandem (Morgante & Olivieri, 1993). Their polymorphism is based on the
number of repeating units constituting them. In Burkina Faso, no molecular
diversity studies have yet been conducted on J. curcas.

Therefore, this study aimed at obtaining a better knowledge of the
genetic diversity of J. curcas of Burkina Faso. Specifically, this involves
determining the level and structure of genetic diversity using SSR molecular
markers.

Materials and Methods
Plant Material and Molecular Markers Used

Fifty (50) accessions of J. curcas from three phytogeographic sectors
of Burkina Faso (Figure 1) were used for molecular characterization. Twelve
(12) microsatellite markers developed by Eurofins MWG Operon were used
in this study. These different markers specific to J. curcas have been chosen
for their polymorphism as revealed in previous studies (Pamidimarri et al.,
2009). The characteristics of the markers used are recorded in Table 1.
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Figure 1. Geographical position of the collection sites of accessions studied

Table 1. Characteristics of the 12 microsatellite markers used in the study

N°  Locus Repeated motifs TM (°C)  Expected size (ph)
1 jeds10 (TG)sCACGCA(TG)4 46.5 108-122
2 jeds24 (CA)S(TA)S(CA)a...(TA)SGA(TA)4 51.0 204-216
3 jedsal (CA)(TA): 56.5 102-114
4 jcds58 (GT)4(GA)s 54.0 104-112
5 jcds66 (CT)(GT)sATTGCA(AT)4 54.0 216-228
6 jepsl (TG)4...(GT)3...(GT)4 475 132-162
7 jcps6 (AT)3G(TA)s...(CT)a... (GT)sCT(GT)s 44.0 288-380
8 jcps9 (GT);GC(TG)A(GT)s 48.0 132-140
9 jcps20 (TG)12(GA)2 55.0 260-278
10  jcps21 (CA)2...(CA)4 54.8 189-208
11  jems2l  (CA) 43.0 75-89
12 jems30  (GT)sT(TG). 48.5 135-148
TM: Hybridization Temperature
Methods

DNA Extraction

The DNA extraction was carried out from young leaves of plants
installed in the experimental station of the Institute of Rural Development of
Gampela based on the methodology used by Sawadogo et al. (2018) and
Ouedraogo et al. (2018). For each accession, the young leaves of a plant were
harvested, crushed with a pestle and parafilm paper, and immaculated on an

232



FTA map. After drying these fingerprints at room temperature, discs about 1
mm in diameter were punched on these cards. Each disc was washed twice
with 200 pl of 70% ethanol and then rinsed twice more with the same amount
of Tris EDTA (TE) buffer. The disc was then dried at room temperature and
transferred to a PCR tube for amplification.

PCR Amplification

The PCR reactions were carried out in a final volume of 25 pl
containing 1 pl of the 3' primer (forward primer), 1 ul of the 5' primer (reverse
primer), and 18 ul of ultra-pure water, 5 ul of premix PCR composed of 1 U
of Taq DNA polymerase, 250 uM dNTP (dATP, dCTP, dGTP, dTTP), 10 mM
Tris-HCL (pH 9.0), 30 mM KCI, 1.5 mM MgCI 2, and a disk from the FTA
map containing the genomic DNA of the accession to be amplified with a
concentration ranging from 0.25 to 0.50 ng / pl. The PCR amplification was
carried out according to a program composed of an initial denaturation phase
at 94° C for 3 min. This was followed by a series of 35 cycles with denaturation
at 94° C for 30 s, hybridization with TM during 30 sec, and final elongation at
72° C for 4 min.

Electrophoresis and Revelation of Bands

The amplification products were then subjected to electrophoresis at
100 V, on a 10% polyacrylamide gel in which 15 pl of Ethidium bromide 5%
(BET) was added as a fluorescent developer. The migration time was 1 h 30
min in 0.5x Tris Borate EDTA buffer (TBE). The deposits were made in the
presence of a molecular weight marker consisting of two microsatellites of
different sizes ranging from 50 bp to 1500 bp. At the end of the migration, the
revelation of the amplified products was made under ultraviolet light. The
migration gel was then photographed with a Canon Power Shot A620, 7.1
megapixel camera.

Molecular Data Analysis

The analysis of the data concerned all the microsatellite markers tested.
A binary coding 1 (for band presence) and 0 (for no band) was used for all
markers and accessions. Genetic diversity within the J. curcas population was
analyzed using genetic parameters calculated with the GenALEX version
6.501 and FSTAT V2.9.3.2 softwares.

Thus, to describe the genetic diversity of the collection, eight genetic
parameters were calculated. This included the polymorphism rate of the
markers (P), the total number of alleles (A?), the average number of alleles per
locus (A), the effective number of alleles (Ae), the Shannon diversity index
(1), expected heterozygosity (He) or Nei genetic diversity index (D), observed
heterozygosity (Ho), and polymorphic information content (PIC).
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The structure of genetic diversity was done using DARwin V6.0
software through the distance array factor analysis (AFTD) and the Neighbor-
Joining classification. These analysis were made from the dissimilarity matrix.
The estimation of the index of dissimilarity between the pairs of the different
genotypes was carried out according to the simple matching procedure.

Results
Diversity of SSR Markers Tested and J. Curcas Collection

The results of the diversity level of the microsatellite markers used in
the study are recorded in Table 2. However, with the exception for the markers
jcds10, jeds58, and jeps6 which had one (1) allele, the number of alleles per
locus ranged from 2 (jcps9 and jcms21) to 5 alleles (jeds66 and jcpsl) for the
other nine markers tested. A total of 37 alleles were identified.

The polymorphism rate of the markers has been estimated at 75%. The
effective number of alleles (Ae) varies from 1.537 (jcps9) to 3.786 (jcds66),
while the expected heterozygosity (He) is between 0.147 (jcms30) and 0.801
(jeds24). Observed heterozygosity (Ho) ranged from 0.04 (jcms30) to 0.3
(jeps20). The Shannon diversity index (1) varied from 0.979 for the jcps9
marker to 2.503 for the jcds66 marker. The polymorphism information content
(PIC) ranged from 0.144 for the jcms30 marker to 0.432 for the jcms21
marker. The size of the alleles varies from 50 bp for the markers jcds24,
jeds4l, jeds58, jeds66, jeps20, jems21, and jems30 to 400bp for the markers
jcps20 and jeps21.

The study has also highlighted the existence of genetic diversity within
the studied accessions. Consequently, an average of 3.08 alleles per locus, an
effective allele number of 2.717, an expected heterozygosity of 0.356, an
observed heterozygosity of 0.144, a Shannon diversity index of 1.663, and a
polymorphic information content of 0.289 were obtained.

Furthermore, Figure 2 below shows migration profiles obtained with

markers jcds10 (Figure 2A) and jcms21 (Figure 2B).
Table 2. Level of genetic diversity of the 9 markers tested

Locus Al Ae He Ho I PIC

jeds24 3 2.085 0.801 0.060 1.260 0.261
jeds4l 4 2.724 0.250 0.140 1.586 0.245
jcds66 5 3.786 0.331 0.100 2.503 0.324
jepsl 5 3.364 0.243 0.220 1.926 0.237
jeps9 2 1.537 0.327 0.120 0.979 0.320
jeps20 4 3.419 0.400 0.300 2.290 0.390
jeps21 5 3.400 0.264 0.140 2.117 0.250
jems21 2 1.787 0.441 0.180 1.244 0.432
jems30 4 2.351 0.147 0.040 1.070 0.144
Moyenne  3.08 2.717 0.356 0.144 1.663 0.289

A total number of alleles, Ae: effective number of alleles, He: expected heterozygosity, Ho:
heterozygosity obseved, I: Shannon diversity index, PIC: polymorphism information content
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Figure 2. Migration profiles obtained with two markers for 50 accessions
a: Molecular weight marker, b: Negative control without DNA, c-d: Samples

Organization of Genetic Diversity

Genetic structure of J. curcas accessions, established using the
Neighbor-Joining method (Figure 3), revealed a distribution of J. curcas’
accessions into three genetic groups A, B, and C which consist respectively of
17, 4 and 29 accessions. Groups A and C formed accessions from the three
phytogeographic sectors, while group B consisted of accessions from two
phytogeographic sectors of the Sudanian domain.

GROUF A

GROUP «

Figure 3. Radial representation of the dendrogram of 50 accessions of J. curcas constructed
from the matrix of dissimilarities according to the Neighbor-Joining method showing their
distribution according to the phytogeographic sectors
Legend: sub-Sahelian (green), northern Sudan (red), southern Sudan (blue)
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Description of Genetic Groups

The genetic parameters of the three genetic groups obtained from the
Neighbor-Joining dissimilarity matrix are shown in Table 3. Group A with an
effective number of alleles of 2.56, an expected heterozygosity of 0.403, a
Shannon diversity index of 1.731, and a PIC of 0.379 showed the highest
genetic parameters. However, group B revealed the lowest genetic parameters
with an effective number of alleles of 1.675, an expected heterozygosity of
0.112, a Shannon diversity index of 0.256, and a polymorphism information
potential of 0.084. On the other hand, group C presents mean genetic
parameters.

Table 3. Distribution of genetic diversity by genetic group

Genetic groups Ae He I PIC

Group A 2.56 0.403 1.731 0.379
Group B 1.675 0.112 0.256 0.084
Group C 1.883 0.188 0.739 0.182

Legend: Ae: effective number of alleles, He: expected heterozygosity, I: Shannon diversity
index, PIC: polymorphism information content

Differentiation between Genetic Groups

Genetic distances between the three genetic groups are revealed by
Nei's minimum distance and genetic pairwise. Genetic group differentiation is
recorded in Table 4. Genetic differentiation (Fst) showed a significant
difference between groups. The highest Nei minimal genetic distance (0.177)
was observed between genetic groups A and B. The largest index of
differentiation (Fst) of 0.341 is obtained between groups A and C, while the

lowest value of 0.2315 was obtained between groups A and B.
Table 4. Genetic differentiation between Genetic groups

Genetic Minimal distance of Nei Differentiation index Fst
groups Group A Group B Group C Group A Group B Group C

Group A 0 0

Group B 0.177 0 0.2315* 0

Group C 0.171 0.075 0 0.3415** 0.2791** 0

*: significant difference at 5%, **: significant difference at 1%

Discussion

The 75% polymorphism rate observed in this study is lower than the
100% level obtained by Pamidimarri et al. (2009). Nonetheless, it is superior
to the 58.33% polymorphism observed by Pamidimarri et al. (2008) with the
same SSR markers. Of the twelve markers tested in this study, three markers
(jeds66, jcpsl, jcps21) were the most polymorphic with 5 alleles each. This is
in contrast to Pamidimarri et al. (2008) who observed a much higher
polymorphism with markers jcds24, jcms30, and jcps6. Ouattara (2013) has
also shown on Senegalese accessions that these twelve SSR markers are all
monomorphic. The PIC of an SSR marker that takes into account not only the
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number of alleles detected but also the relative frequency of each allele is an
important estimate of the discriminant power of this marker (Smith et al.,
2000). According to Bostein et al. (1980), the PIC can be high (PIC> 0.5),
moderate (0.25 <PIC <0.5) or low (PIC <0.25). Thus, 66.67% of the markers
tested have a moderate PIC against 33.33%, which have a low PIC. The most
discriminating markers are jcds10, jcds58, and jcms21 with PIC values greater
than 0.4. The mean value of the PIC in this study (0.289) is greater than that
of Maurya et al. (2013) which are 0.24 and 0.28 respectively with SSR
markers enriched in CA and GA. Nevertheless, this is lower than the value
obtained by Vischi et al. (2013) which is 0.36. This author, furthermore,
showed that jcms21 is the most discriminating with a PIC value of 0.38.
Hence, this is a value lower than that obtained with the same marker in this
study which is 0.43.

The values of the Nei diversity index or expected heterozygosity that
varied from 0.14 to 0.8 are lower than those obtained by Pamidimarri et al.
(2009) with the same SSR markers. According to Bressan et al. (2012), there
are other SSR markers that are 0.56 to 0.95 and 0.25 to 0.86, respectively.
Sanou et al. (2015) also obtained, with SSR markers, lower values between 0
and 0.548 on Mexican populations of J. curcas, and even lower values
between 0 and 0.005 for African and Asian samples. Observed heterozygosity
values ranging from 0.04 to 0.3 are lower than values between 0.54 and 0.94
obtained by Pamidimarri et al. (2009) with the same SSR markers. In addition,
there are also values ranging between 0 and 0.591 obtained by Sanou (2012)
with other SSR markers on Mexican populations of J. curcas. The number of
alleles per study locus that ranged from 1 to 5 is close to the results reported
in previous studies of J. curcas (Pamidimarri et al., 2008; Na-ek et al., 2011;
Maurya et al., 2013) which are respectively 1 to 4, 2 to 4, and 2 to 5. With 37
alleles detected on the 50 accessions (an average of 3 alleles per marker), the
collection of J. curcas from Burkina Faso is globally undiversified. Indeed,
the work of Sanou et al. (2015) on accessions of J. curcas revealed low genetic
diversity in Africa and Asia continents where the species was introduced by
Portuguese navigators. These authors have also shown that Mali's accessions
are monomorphic. Ouattara (2013) also showed that Senegal's accessions are
monomorphic. Compared to Mali and Senegal, Burkina Faso accessions
appear more polymorphous. The structure of the genetic diversity of Burkina
Faso forge in three genetic groups differs from the distribution into two genetic
groups. This was highlighted by Santos et al. (2016) out of 109 germplasm
accessions from the University of Florida. Of the three genetic groups
established from the Neighbor-Joining dissimilarity matrix, genetic groups A
and C are the most diverse. This could be explained by the fact that they
contain accessions from the three phytogeographic sectors. Genetic group B
is the most homogeneous because it contains accessions originating from two
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phytogeographic sectors belonging to the Sudanian domain. Similar results
have been reported by Sunil et al. (2010). Furthermore, low genetic diversity
and the lack of structuring of diversity by geographical origin confirm the
hypothesis that J. curcas is an introduced species (Ouattara, 2013). The low
genetic diversity observed in this study and in other studies could result from
a particular reproductive system called apomixis (the ability of a plant to
produce an embryo without sexual reproduction) that potentially binds alleles
at each locus and limits genetic recombination. Indeed, the cytometric analysis
performed by Ambrosi et al. (2010) showed the existence of non-
gametophytic apomixis in J. curcas. Autogamy, which is a reproductive
system less rich in genetic diversity than allogamy, has also been reported in
J. curcas by Dhillon et al. (2006). In addition, Santos et al. (2016) showed that
the accessions of localities outside the center of origin (Mexico and Costa
Rica) are even less diversified. Therefore, the low genetic diversity of J.
curcas would also be linked to evolutionary processes. According to these
authors, this species may have suffered a genetic drift over time. According to
Heller (1996), J. curcas was the victim of a founder effect during its diffusion
to Asia and Africa by Portuguese mariners. This was due to the small sample
size which was not a representative of the original natural population. Achten
et al. (2010) also hypothesized that the complex history of introduction and
domestication in other continents contributed to the low level of genetic
diversity observed in this species. According to Veasey et al. (2011), the effect
of a bottleneck that occurs when the size of a population is significantly
reduced due to the man-made (agronomic or non-agronomic) selection process
could also explain this low diversity. The existence of anthropogenic actions
that have reduced J. curcas population is supported by Ambrosi et al. (2010),
who indicated that the species were first selected for their productivity
characteristics. Therefore, the formation of new variability will probably not
be possible, even with cross fertilization (allogamy), in isolated environments
colonized by very similar accessions. This may have caused the high genetic
similarity between accessions in new habitats. The low level of genetic
diversity is also linked to the vegetative propagation method used by former
farmers. According to Ovando-Medina et al. (2011), vegetative propagation
has been practiced for centuries to ensure the spread of the species in rural
areas. Thus, some selected accessions have spread widely as clones.
According to Ouattara (2013), the exchange of cuttings between relatives and
friends would have favored the dispersal of the species in Senegal. Indeed, the
toxicity of the seeds of J. curcas prevents their dissemination by animals and
the action of the wind seems limited because of the ovoid shape of the fruit
and its weight which is greater than 1.5 g (Heller, 1996).

238



Conclusion

The study revealed a low genetic diversity within the J. curcas
collection of Burkina Faso. The twelve microsatellite markers tested showed
a low number of alleles ranging from 1 to 5. In total, 37 alleles were detected
in this study. Also, jcms21 marker was the most informative on the genetic
diversity of J. curcas from Burkina Faso and three genetic groups was
established. The narrowness of the genetic base revealed by the study limits
the possibilities for improving the species from local plant material. Hence,
there is the need to broaden the genetic base of the species in Burkina Faso
through introductions from the center of origin.
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