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ABSTRACT

This research had as objective to characterize 
genetically individuals of physic nut cultivated in experimental 
areas in Sergipe, Brazil by means of RAPD molecular markers. 
Leaves of 40 individuals were collected and DNA was isolated 
using CTAB 2% method. Were used 30 primers RAPD for DNA 
amplification, and this data was used to estimate the genetic 
similarity among the pairs of individuals, using Jaccard 
coefficient, and group them out for the UPGMA method. Also, 
the genetic structure and diversity of the populations were 
assessed using AMOVA. Of the 100 fragments generated, 29 
of were polymorphic. A similarity average of 0.54 among the 
individuals was found and the amplitude similarities varied from 
0.18 to 1.00. One of them (U5) was unit clusters and formed 
by the most divergent individuals. AMOVA indicated that there 
is more variation within (63%) the population. In conclusion, it 
was possible verify genetic variability in physic nut using RAPD 
markers at these experimental areas.
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RESUMO 

O trabalho teve como objetivo caracterizar 
genótipos de pinhão manso cultivados em áreas experimentais 
do Estado de Sergipe no Brasil, por meio de marcadores 
moleculares RAPD.  Foi utilizada a metodologia CTBA 2% para 
extração do DNA de 40 genótipos e para a amplificação do DNA 
foram utilizados 30 primers RAPD. Os dados foram utilizados 
para estimar a similaridade genética entre pares de genótipos, 
usando o coeficiente de Jaccard e o método UPGMA para 
agrupamento e avaliação da estrutura genética e diversidade de 
populações usando AMOVA. Fragmentos (100) foram gerados, 
sendo 29 polimórficos. A similaridade encontrada foi de 0,54 
entre genótipos, sendo que a amplitude variou de 0,18 a 1,00. O 
genótipo U5 foi o mais divergente, agrupado isoladamente dos 

demais. A AMOVA indicou que a maior variação é encontrada 
dentro da população (63%). É possível verificar a variabilidade 
genética em pinhão manso usando marcadores RAPD nas áreas 
experimentais estudadas. 
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INTRODUCTION

Jatropha curcas L., known as jatropha 
or physic nut, is a Euphorbia native to tropical 
America, which has been used since ancient 
times in medical applications, lighting homes and 
villages, soap production and as a hedge (HELLER, 
1996). Currently, for bringing features like easy 
propagation, good adaptation to semi-arid regions, 
tolerance to drought and high oil content, which 
has made the plant attractive to programs to combat 
erosion, desertification (WIESENHÜTTER, 2003) 
and especially for biofuel production, causing large 
investments and rapid expansion of cultivated areas 
in over 50 countries (BASHA & SUJATHA, 2009).

In Brazil, the planting of physic nut 
has been widely encouraged and in many parts 
of the country, as can be found in several areas of 
cultivation, estimated at more than 30.000 hectares 
(MENDONÇA & LAVIOLA, 2009). However, it 
is a culture that lacks scientific evidence on its real 
productive potential and agronomic properties, and 
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there are no improved cultivars to be recommended 
with confidence. This can lead to unsustainable 
practices with economic, social and environmental 
risks. Thus, to reduce them and improve plant 
performance in different agro-climatic conditions is 
essential to invest in domestication, characterization, 
selection and breeding.

The molecular markers appear as an 
available tool for the detection of variability at the 
DNA level. Among them, the RAPD (Random 
Amplified Polymorphic DNA) technique is the most 
accessible, to have lower cost, number of steps and 
greater speed in getting the results. 

In physic nut, the RAPD has also 
been employed in many papers, such as access to 
distinguish toxic and nontoxic and measure the 
degree of genetic similarity in different populations 
(IKBAL et al., 2010). 

RAM et al. (2008) and PAMIDIMARRI 
et al. (2009) have used the technique in order to 
establish phylogenetic relationships, found specific 
brands able to discriminate species of Jatropha 
and identify interspecific hybrids between them. 
Information about the genetic diversity of existing 
materials physic nut in Brazil is limited, especially in 
areas where there are experimental crops. 

Thus, in order to contribute to the 
characterization of population this study aimed to 
assess the genetic diversity of physic nut individuals, 
cultivated in experimental areas of Sergipe, Brazil, 
using RAPD molecular markers.

MATERIAL   AND   METHODS

Plant material - The selected 40 individuals  
of physic nut were planted experimentally in two 
areas in Sergipe, Brazil: Umbaúba (U1 to U20) 
implemented in the experimental field belonging 
to Embrapa Coastal Tablelands (11°22’37’’ S, 
37º40’26” W), and Carira (U21 to U40) (10°21’42” 
S, 37º42’01” W), particular propriety.

DNA extraction and RAPD reaction - 
Young leaves were used, and the methodology was 
based on DOYLE & DOYLE (1990). Each RAPD 
reaction was performed in 25µL volume containing 
50ng genomic DNA, 5.0µL 10X PCR buffer (Promega, 
USA), 2.5mM dNTP, 5U Taq DNA polymerase 
(GIBCO), 30ng µL-1 primer, 14.8µL ultrapure water 
PCR amplifications - Were performed using a PTC-
100 thermocycler (Programmable Thermal Controller 
- MJ Research, Inc.) and subjected to a cycle of 96°C 
for 5 minutes for initial denaturation, followed by 
35 cycles of denaturation at 96°C for 45 seconds, 

36°C for 45 seconds for primer annealing, 72°C 
for 45 seconds for extension, and finally one cycle 
of 72°C for 5 minutes for final extension (SILVA & 
MARTINS, 2006). We tested 30 primers (Table 1). It 
was used for each primer, a reaction control (negative 
control – NC), which was added ultrapure water as a 
substitute of DNA.

Electrophoresis - 10µL of PCR products 
were mixed to 1.5µL of blue juice (0.01% bromophenol 
blue, 40% glycerol). We used 1.5% agarose gel (1X 
TEB - 89mM TRIS, 89mM boric acid, 2.5mM EDTA, 
pH 8.3) in a horizontal electrophoresis system Sunrise 
(Gibco BRL), carried out at a constant voltage of 
100V for 90 minutes. Gel was stained with ethidium 
bromide solution (5mg mL-1) for 15 minutes, and the 
amplification products visualized under ultraviolet 
light using a Gel Doc L-Pix image system (Loccus 
Biotecnologia, Brazil).

Statistical analysis - Bootstrap procedure 
was applied to calculate variance of the genetic 
distance obtained from markers, and was obtained 
from 5.000 bootstrap random draws using the 
DBOOT software (COELHO, 2001). Polymorphic 
information content (PIC) was calculated according to 
GHISLAIN et al. (1999). The marker index (MI) was 
determined as described in ZHAO et al. (2007). To 
measure the genetic diversity, we used Genalex v.6.3 
(www.anu.edu.au/BoZo/GenAlEx/) and calculated 
the Shannon Index (I) (BROWN & WEIR 1983), the 
genetic diversity (H) (MAGUIRE et al., 2002), the 
Analysis of Molecular Variance (AMOVA), PhiPT 
value for genetic variability for dominant marker, 
and Principal coordinates analysis (PCoA). The 
data matrix of the RAPD scores was generated and 
similarity coefficients were calculated using Jaccard’s 
arithmetic complement index (JC). The dendrogram 
was constructed using the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) cluster 
algorithm. In order to determine the robustness of 
the dendrogram, the data was bootstrapped with 
5.000 replications using FreeTree software (http://
web.natur.cuni.cz/flegr/programs/freetree.htm). For 
visualization of the cluster we used the TreeView 
package (http://web.natur.cuni.cz/flegr/programs/
freetree/TreeView.exe). 

RESULTS   AND   DISCUSSION

A total of 100 fragments (TF) were 
generated by 30 primers, 29% polymorphic. The 
highest number of polymorphic fragments (PF) 
was obtained from A19 primer (four) (Table 1). 
Fourteen primers (A02, A04, A10, A15, A16, A20, 
B11, B18, IDT3, IDT5, S01, W08, W03, X01) had 
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no polymorphic fragments. The PIC values ranged 
from 0.09 (A18) to 0.47 (W04) and MI variation was 
between 0.09 (A18) and 1.71 (A19). 

The low polymorphism level found in our 
study (29%) corroborated with those obtained by 
ROSADO et al. (2009). Even with low polymorphism, 
BASHA et al. (2009) distinguished non-toxic 
Mexican accessions of physic nut, and a greater 
degree of variability among accessions of the Central 
America (Mexico and El Salvador countries) and 
lowest among accessions Asia and Africa countries.

By DBOOT software, results from 23 
polymorphic fragments there is a stabilization of the 
variance. There is a directly proportional relationship 
between the number of fragments analyzed and the 
variance, with value less than 0.01, suggesting that the 
results obtained by the fragments used in this study 

(29) can be used for analysis of diversity, according 
to SILVA et al. (2012). 

We computed Jaccard coefficient (JC) 
based on the binary data and individuals were 
clustered by the UPGMA (Figure 1). The average 
genetic similarity among individuals was 0.54 
(±0.09), ranging 0.18 (U5 and C36) to 1.00 (C39 and 
C40). UPGMA method according JC, six groups have 
a high similarity above 0.60JC, and maximum of 1.00 
JC sustained by bootstraps analysis. G1 and G5 had 
one individual each (U5 and U3, respective), G3 and 
G4 eight, G6 six, and G2 consisting of 16 individuals 
from Carira city (U25-40). This variability expressed 
should be used in breeding programs and studies, 
multiplication of top individuals.

The presence of individuals with high 
level of similarity in one area may be possible, since 

Table 1 -Molecular characterization of 40 physic nut cultivated in Sergipe, Brazil.

Primers Sequence 5’ – 3’ TF PF PIC MI

A02 TGC CGA GCT G 2 0 0.00 0.00
A04 AAT CGG GCT G 3 0 0.00 0.00
A10 GTG ATC GCA G 2 0 0.00 0.00
A11 CAA TCG CCG T 5 3 0.34 1.01
A12 TCG GCG ATA G 4 1 0.23 0.23
A13 CAG CAC CCA C 3 2 0.33 0.66
A15 TTC CGA ACC C 6 0 0.00 0.00
A16 AGC CAG CGA A 3 0 0.00 0.00
A17 GAC CGC TTG T 4 2 0.28 0.56
A18 AGG TGA CCG T 2 1 0.09 0.09
A19 CAA ACG TCG G 5 4 0.43 1.71
A20 GTT GCG ATC C 2 0 0.00 0.00
B11 GTA GAC CCG T 2 0 0.00 0.00
B18 CCA CAG CAG T 2 0 0.00 0.00
K20 CAG AAG CGG A 4 3 0.46 1.38
S01 GAC TGC CTC T 2 0 0.00 0.00
S18 CAC AGC GAC A 4 1 0.14 0.14
W02 CAA AGC GCT C 3 1 0.25 0.25
W03 CAG GCC CTT C 2 0 0.00 0.00
W04 GTT TCG CTC C 3 1 0.47 0.47
W08 TTC GAG CCA G 4 0 0.00 0.00
W13 GTG AGG CGT C 4 1 0.40 0.40
W19 CCC AAG GTC C 5 3 0.37 1.10
X01 GGA GGA GAG G 6 0 0.00 0.00
IDT01 GTG TCG CGA G 3 1 0.14 0.14
IDT03 CTA CTG GCG T 2 0 0.00 0.00
IDT05 CTG GCG AAC T 1 0 0.00 0.00
IDT06 CTG GGC ACG A 3 1 0.23 0.23
IDT09 ACC CCG CCA A 4 2 0.13 0.25
IDT18 GTC CGG AGT G 5 2 0.30 0.60
Total /Average 3 1 0.15 0.31
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with the use of co-dominant markers in physic nut 
and inbreeding have been observed in homozygous 
locus (SUN et al., 2008; BASH et al., 2009), assigned 
to the mode of propagation, geitonogamy (pollination 
between different flowers of the same plant), as well 
as apomixis (PAIVA NETO et al., 2010). To raise this 
variability, some researchers suggest hybridization 
with other species of the genus Jatropha. Authors such 
as BASHA & SUJATHA (2009) and PARTHIBAN 
et al. (2009) developed successfully, interspecific 
hybrids between J. curcas and J. impeccable, which 
showed gains in seed size, oil content and increased 
resistance to drought, pests and diseases.

Considering the method of principal 
coordinates analysis (ACoP), the individuals were 
grouped in eight groups (Figure 2). The subclusters of 

the groups detected in the dendrogram appear unaided. 
The individuals C26 (GVI) and U5 (GII) are isolated.

It was observed in the formation of a 
single group, with G5, and another larger group 
(GII), with 80% of individuals Carira city, also 
showing greater similarity in this region (Figure 
1). Crossing information between clusters, it was 
evident that the U3 and U5 individuals were more 
divergent. In the case where the clusters reflected that 
there was no clear similarity between groups IKBAL 
et al. (2010) explain the selection can be based on 
either on the phenotypic traits or on the molecular 
markers separately. However, selection based on 
molecular markers is likely to be more effective as 
it is more closely linked to the genetic constitution 
of a genotype. In our study, the results can be used in 

Figure 1 - Dendrogram of genetic similarity generated using the Jaccard coefficient and the UPGMA method 
with analysis bootstraps for 40 physic nut individuals cultivated in two experimental areas in 
Sergipe (Umbaúba – U1-20 and Carira – C21-40), Brazil.
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breeding programs, in order to increase the variability 
between cycles of selection. Can be use especially for 
individuals who presented greater divergence for the 
UPGMA and ACoP. 

AMOVA performed by original location 
showed a genetic differentiation of 37% (P<0.001) 
with PhiPT of 0.37, and by PCoA groups only 
accounted for 57% (P<0.001) and PhiPT of 0.56 
(Table 2). The high similarity of the two groups found 
in the experimental fields of Sergipe State should 
not promote an exclusion of these new studies, it is 
suggested to more homogeneous groups with each 
other is made a morphoagronomic characterization of 
qualitative and quantitative nature to found agronomic 

characteristics interesting, would also be motivating 
to include new individuals coming from other areas 
of planting or even be tempted hybridization with 
other species or genotypes between groups.

The populations demonstrated different 
means of genetic diversity. The Shannon index had 
the high value for populations by origins (0.47), 
followed to dendrogram groups (0.31), and PCoA 
groups (0.22). The genetic diversity had a similar 
behavior to Shannon Index (Table 3). The nonzero 
values for the genetic structure, particularly for H, 
indicate that there is an excess of heterozygous or 
homozygous (BARREIRA et al., 2006). Physic nut 
species had a 95% cross-pollination (CARVALHO et 

Figure 2 - Principal coordinates analysis (PCoA) using 40 physic nut (Jatropha curcas L.) 
individuals cultivated in two experimental areas in Sergipe (Umbaúba – U1-20 
and Carira city – C21-40) in Brazil. 

Table 2 - Analysis of molecular variance (AMOVA) of 40 physic nut individuals cultivated in two experimental areas in Sergipe, Brazil, by
original location, dendrogram and ACoP groups.

Original location df1 Est. Variance Variation (%) PhiPT2

Among 1 2.51 37% 0.37***
Within 38 4.27 63%
Dendrogram group df1 Est. Variance Variation (%) PhiPT
Among 3 3.29 52% 0.52***
Within 34 3.00 48%
PCoAs group df1 Est. Variance Variation (%) PhiPT
Among 5 3.53 57% 0.56***
Within 32 2.67 43%

1- Degrees of freedom, ***P<0.001; 2 - Analogue of FST fixation index.
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al., 2009) is expected to have a great diversity and 
distinction between genotypes propagated by seminal 
most likely to incorporate new alleles.

CONCLUSION

It was possible to detect the genetic 
variation in physic nut from Brazil with RAPD 
analysis. The study verified that the areas cultivated 
show low genetic diversity among the individuals 
groups, confirmed by genetic structure and genetic 
similarity and variability.
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