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Genetic diversity analysis of Jatropha curcas 

collections from different islands in Indonesia 

 

TANTRI DYAH AYU ANGGRAENI 

 

ABSTRACT 

Jatropha curcas L. is a potential bioenergy crop that can produce oil that 

can substitute diesel oil. However, the large scale production effort is 

limited by the absence of improved cultivars that have high yield and oil 

content. Therefore, understanding the genetic information of J. curcas 

germplasm is important for breeding strategies to create improved new plant 

varieties. The aim of this study was to investigate the genetic diversity and 

population structure of Indonesian J. curcas populations from six islands. 

The genetic diversity and population structure analyses were conducted on 

Single Nucleotide Polymorphisms (SNPs) generated from genotyping-by- 

sequencing (GBS). Using Jatropha integerrima as an outgroup, 13,916 

SNPs were detected. Among J. curcas accessions, which include accessions 

from other countries (Thailand, Philippines and China), 856 SNPs were 
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detected, but only 297 SNPs were detected among Indonesian J. curcas 

populations. Phylogenetic relationship and structure analysis clustered the 

populations to two major groups. Group one consisted of populations from 

Bangka and Sulawesi, even though the two islands are 1572.59 km apart 

from each other. Group two consisted of  populations from islands in the 

southern part of the country: Java, Lombok – Sumbawa, Flores and Timor. 

Furthermore, there were little genetic differentiation between populations 

(FST = 0.042), and non-significant isolation by distance (Mantel test 

P=0.305). The results of the study can provide valuable information on the 

origin of J. curcas in Indonesia and help formulate  breeding and 

conservation strategies in the country. 

 

Keywords: Jatropha curcas, accessions, Indonesia, islands, genetic 

diversity, genetic differentiation.                
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INTRODUCTION 

 

Jatropha curcas is a perennial shrub in the Euphorbiaceae family 

that produces oil that can be used as diesel substitution. The oil 

characteristic is competitive with diesel oil from fossil fuel (Heller 1996; de 

Oliveira et al., 2009). The toxic component contained in the oil make it is as 

an non-edible oil, therefore, does not create a food versus fuel competition.      

J. curcas has  several advantages to enviroment compared to other            

bio-energy sources, as this crop is drought resistant crop and has wide 

adaptation to different agroclimatic and marginal land so it can be used to 

control erosion and reclaim land (Fearless, 2000). In addition, the byproduct 

of the seeds contain high nitrogen, phosphorous and potassium which can be 

used as fertilizer. Therefore J. curcas has attracted a lot of attentions as a 

new source of bioenergy crop that also has positive impact on environment. 

J. curcas is believed to be native to Mexico, Central America and 

South America where it grows in the forests of coastal regions. It has been 

widely disseminated and become naturalized in many parts of the tropical 

and subtropical world. Portuguese traders are believed to have distributed 

the species from the Carribean via the Cape Verde islands to countries in 

Africa and Asia, including Indonesia, in the 16
th

 century (Heller, 1996). 
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Heyne (1916), in his book, mentioned variations of local names of J. curcas, 

indicated that this plant  had already spread  in Indonesia during 20
th

 century. 

Indonesia,  as a developing country and the fourth most world 

populous country, has announced National Energy Policy in 2006, that 

targeted the development of biodiesel plants, including J. curcas  to fulfill 

the demand of oil consumption that is continually increasing. The utilization 

of   J. curcas as  biodiesel feedstock is expected not only to help fulfill the 

demand of oil supply, but also can stimulate the economy of a less fertile 

and dry area of Indonesia and contribute to environment rehabilitation 

(Silitonga et al., 2015). However, crop improvement of this plant is at an 

early stage. J. curcas is still undomesticated and improved plant variety with 

desirable characteristics is not available yet.  

Improving new variety of plant with desirable characteristics could 

be achieved by plant breeding program. Breeding program needs plant 

genetic resources. Level of genetic diversity, adequate characterization for 

agronomic, morphological and molecular traits are necessary to facilitate 

utilization of germplasm by breeders (Upadhyaya et al., 2008). 

Understanding the extent of genetic diversity will not only help identify 

existing species, but also contribute to the critical knowledge required for 

the success of a breeding program. 
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The geographical characteristics of Indonesia with many islands 

may has contributing factor to genetic diversity level and genetic 

differentiation among Indonesian collections. Populations can be genetically 

isolated both by geographic distance and by differences in their ecology or 

environment that decrease the rate of successful migration (Bradburd et al., 

2013). However, Satyawan and Tasma (2011) suggests that most of the 

Indonesian J. curcas  diversities probably reflect more of the actual origin of 

the introduced germplasms. Since the introduction time is still relatively 

short, therefore not enough genetic distinctiveness that has developed. 

DNA markers are not typically influenced by environmental 

conditions, therefore, can be used to describe patterns of genetic variation 

among plant populations. Among the DNA markers, Single Nucleotide 

Polymorphisms (SNPs) are now widely recognized and their use are rapidly 

increase. These markers are bi-allelic markers and locus specific markers 

that can be scored co-dominantly in a flexible way (Viquez-Zamora et al., 

2013). Technology has been developed for scoring single SNPs in thousands 

of different samples. Among the SNPs assays, genotyping-by-sequencing 

(GBS) has been shown to be a valid tool as genetic-diversity studies (Fu et 

al., 2014; Rocher et al., 2015). GBS method uses restriction enzymes to 

reduce genome complexity and only target small fragments of the genome. 
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This approach provides simple, quick, highly reproducible, and cost 

effective method to assay large number of samples (Elshire et al., 2011). 

Recently, genetic diversity of Indonesian J. curcas accessions using 

molecular markers has widely studied. However, the studies use only small 

number of accessions to analyze the diversity of global J. curcas collections 

(Wen et al., 2010; Osorio et al., 2014; Maghuly et al., 2015).  The study on 

detailed analyses of genetic diversity, relationship and differentiation among 

Indonesian accessions from different islands is not available yet. Therefore, 

the objective of this study was to detect the genetic diversity, genetic 

differentiation level and genetic relationships among J. curcas collections 

that derived from six islands in Indonesia using SNPs marker generated by 

GBS approach. 
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LITERATURE REVIEW 

 

Jatropha curcas L.  

 

Jatropha curcas L. belongs to division Magnoliophyta; class 

Magnoliopsida; order Malpighiales; family Euphorbiaceae; sub-family 

Crotonoidae; tribe Jatropheae; genus Jatropha and species curcas (Sunil et 

al., 2013). It is a diploid plant with 2n=22 chromosomes and the genome 

size is relatively small (416 megabasepairs - Carvalho et al., 2008). J curcas 

is a large shrub or tree that can grow up to 3-4 meter high. The leaves are 3-

5 lobed, cordiform, stipulate, and deciduous.  It produces flowers in 

racemose inflorescences, with dichasial cyme pattern. The flowers are 

unisexual and male and female flowers are produced in the same 

inflorescence (Raju and Ezadranam, 2002).  

J. curcas bears ellipsoidal fruits with three seed loci. The fruit 

colour is green when young and turn to pale yellow when it is mature and 

black when it is dry. The seed is triangular to ellipsoid in shape with 1.6-2.5 

cm long and 1.2-1.5 cm wide. The testa is rough with dark brown to black 

woody in colour (Murthy et al., 2013). The seed kernel contains mostly 

crude fat (oil) and protein, while the seed coat contains mainly fibre 
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(Brittaine and Lutaladio, 2010).   The seed contains of  approximately        

22 – 40%  fatty acid oil (Sunil et al., 2008; Rodriguez  et al., 2011), with the 

largest fatty acid composition are linoleic  (47.4%) and oleic acid (21.8%). 

The oil could be converted into biodiesel through transesterification process 

(de Oliveira et al., 2009). This plant has of toxic components in its fruit, 

seed, oil, roots, latex, bark and leaf. The most toxic component is phorbol 

esters, a diterpene molecule that have a tendency to bind phospolipid 

membrane receptors. These toxic components posses molluscicidal, 

piscicidal, insecticidal, rodenticidal, antimicrobial, and cytotoxic properties, 

and have adverse effects on animals including rats, poultry, and ruminants 

(Devappa et al., 2010). 

J. curcas grows in tropical and sub tropical regions, with 

cultivation limits at 30°N and 35°S. It also grows in lower altitudes of         

0-500 metres above sea level (Brittaine and Lutaladio, 2010). The 

propagation could be achieved by seedling or vegetative cutting. This plant 

is native to Central America, but now it is widely distributed in tropical and 

subtropical part of the world (Henning, 2009). It is believed to have been 

spread by Portuguese seafareres from its centre of origin to other countries 

in Asia and Africa through Cape Verde and Guinnea Bissau (Heller, 1996; 

Brittaine and Lutaladio, 2010). 
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GBS and SNPs  Detection 

 

 GBS is an advanced technique that can generate large numbers of 

markers for genotyping large numbers of sample at a low per-sample cost. It 

is a simple, quick, extremely specific, highly multiplexed  and reproducible 

method. GBS method uses restriction enzymes to reduced genome 

complexity and then sequences the reduced-representation library using 

Next Generation Sequencing technology. Elshire et al (2011) described this 

method by using ApeKI (5 bases cutter) as restriction enzyme to generate 

thousand of SNPs markers in maize and barley recombinant inbred 

populations. Multiplexing is achieved by ligating restriction cut site with 

barcode adapator, consequently, all samples can be pooled together, that can 

relatively reduce labour work, time consumed and cost. 

 GBS method has been use widely in many plants for several 

purposes, such as genomic selection study (Poland and Rife, 2012); genetic 

diversity study (Wong et al., 2015); constructing high-density genetic map 

(Poland et al., 2012; Li et al., 2015),  with or without modification from 

GBS method that was first introduced by Elshire et al (2011). Generally, 

GBS method is done by several sequential processes include: digesting 

DNA samples with restriction enzyme, ligating resulted restriction 
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fragments with  barcode and common adaptors, pool the samples, PCR 

amplification and sequencing process (Elshire et al., 2011; Davey et al., 

2011; Poland et al., 2012). The raw generated data then are processed to get 

variants data. 

 The variants detection process from GBS data can be done using 

bioinformatics pipelines (Glaubitz et al., 2014; Peterson et al., 2014). In 

general, this process is started by assigning the reads to their respective 

samples based on the sample-specific barcodes included in the sequence. 

The reads are filtered from reads that contain adapter/adapter dimmer and 

from reads that have low quality Phred score. Reads are sorted into separate 

files according to their barcode, and then, the barcode are removed from the 

sequences (Elshire et al., 2011; Liu et al., 2014).  Furthermore, in order to 

detect the polymorphism between samples, the sequence reads are aligned to 

reference sequence. For species without reference genome, it is possible to 

use incomplete genome assemblies consisting of numerous contigs as 

pseudoreference ( Glaubitz et al., 2014). Variation detection results include 

present-absent variation (small insertion and deletion) and Single 

Nucleotide Polymorphisms.  

 Single Nucleotide Polymorphism (SNP) is a variation at a single 

nucleotide (A, T, C, and G) in DNA sequence among individuals. Variation 



9 
 

can be classified as SNP if more than 1% of a population does not carry the 

same nucleotide at a specific position in the DNA sequence. SNPs are 

known to be the most abundant variation that are found in the genomes of 

the majority of organisms, including plants, and are widely dispersed 

throughout genomes (Govindaraj et al., 2015) .          

           SNP is identified when a nucleotide from an accession read differs 

from the reference genome at the same nucleotide position. Various 

empirical and statistical criteria are used to call SNPs, such as a minimum 

and maximum number of reads considering the read depth, the  quality score 

and the consensus base ratio. Thresholds for these criteria are adjusted based 

on the read length and the genome coverage achieved by sequencing data. 

SNPs call can be significantly improved using filtering criteria that are 

specific to the genome characteristics and the dataset. For GBS method that 

apply reduced representation approach, the filtering criteria can include (1) a 

minimum read depth (often ≥ 3 per genotype), (2) > 90% nucleotide within 

a genotype having identical call at a given position (< 10% sequencing 

error), and  (3) a read depth ≤ mean of the sequence depth over the entire 

mapping assembly (Kumar et al., 2012). 
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Genetic Diversity and Genetic Relationship Analysis 

  

 Genetic diversity and genetic relationship analysis in plant genetic 

resources collections could provide important information that can be used 

in conservation strategy, plant breeding and evolutionary studies. The 

assessment of genetic diversity within and between population is conducted 

based on various approaches: morphology, biochemistry (allozyme) and 

molecular marker (DNA). The data generated from molecular techniques 

can be analyzed using two different ways: 1) quantification of genetics 

diversity and 2) analysis of genetic relationships among individuals in 

population (de Vicente et al., 2003; Govindaraj et al., 2015). 

 There are several parameters that could be measured to quantified 

genetics diversity, include (1) rate of polymorphism, (2) average number of 

alleles, (3) effective number of alleles, (4) Shannon’s information indices 

and (5) average expected heterozygosity (Nei’s genetic diversity). A gene is 

identified as polymorphic if the frequency of one of its alleles is less than or 

equal to 0.95 or 0.99. The average number of alleles per locus is derived 

from the sum of all detected alleles in all loci divided by the total number of 

loci. This measure provides complementary information to that of 

polymorphism. Effective number of alleles shows the number of alleles that 
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can be present in a population. The measure tells about the number of alleles 

that would be expected in a  locus in each population (de Vicente et al., 

2003). 

 The Shannon’s information indices and average expected 

heterozygosity (gene diversity) are measurements that usually used to 

indicate the level of genetic diversity in a population (Wen et al., 2010).  

Shannon’s information indices is a quantitaive measure that reflects how 

many different types there are in a dataset and how evenly they are 

distributed among those types. Average expected heterozygosity shows the 

probability that, at a single locus, any two alleles, chosen at random from 

the population, are different to each other (de Vicente et al., 2003). 

 Genetic relationship among individuals in a population or between 

populations could be estimated using genetic distance or genetic similarity 

measurements, include Nei and Li’s coefficient, Jaccard’s coefficient, 

simple matching coefficient and modified Roger’s distance (Govindaraj et 

al., 2015). The results of these measurements then are used for futher 

analysis, such as, for constructing dendogram or clustering (tree diagram). 

Dendogram or clustering  is an aprroach that group samples together in 

clusters that are more genetically similar to each other than to samples in 

other clusters. 
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Genetic Differentiation and Population Structure Analysis 

 

 Genetic variation in populations is structured not only by the 

contemporary forces of genetic exchange but also by historical patterns of 

relationship. Nearly every plant or animal species includes many partially 

isolated populations. Such populations become genetically differentiated 

over time as a result of genetic drift or divergent natural selection (Holsinger 

and Weir, 2009). The level of genetic differentiation between populations is 

determined by the homogenizing action of gene flow balanced against 

differentiating processes such as local adaptation, different adaptive 

responses to shared environments, and random genetic drift.  

 Wright (1978) had provided  a comprehensive account of the 

processes that cause genetic differentiation among populations. He showed 

that amount of genetic differentiation among populations has a predictable 

relationships to the rates of important evolutionary processes (migration, 

mutation, and drift). Wright  introduced FST as one of the interrelated 

parameters to describe the genetic structure of  diploid populations. FST is a 

statistical measurement that shows the correlation between gamets chosen 

randomly within the same subpopulation relative to the entire population. 

Wright (1978) categorized level of genetic differentiation in populations as 
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follows, FST value of  (1) 0  as no genetic differentiation; (2) 0.00-0.05 as 

low genetic differentiation; (3) 0.05-0.15 as moderate genetic differentiation; 

(4) 0.15-0.25 as great genetic differentiation; (5) 0.25-1.00 as very great 

genetic differentiation and (6) 1  as complete genetic differentiation.  

 Geography could also become a factor that shapes the genetic 

differentiation between populations. Geography often limits dispersal, so 

that the rate of migration is higher between populations that have smaller 

distances  and lower between more distant populations. The combination of 

local genetic drift and distance-limited migration results in local differences 

in allele frequencies, the magnitude of which increases with geographic 

distance, resulting in a pattern of isolation by distance. Isolation by distance 

could be estimated by partial Mantel test that assess the association between 

pairwise genetic distance and geographic distance (Bradburd et al., 2013).  
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MATERIALS AND METHODS 

 

Plant Materials  

 

   Fifty two physic nut accessions derived from Indonesian Sweetener 

and Fiber Crops Research Institute (ISFCRI) germplasm collections were 

used in this study (Appendix 1). The sample number of accesions/island 

were chosen proportionally. Island with wider area were sampled of bigger 

number of accesions (Table 1 and Figure 1). Genomic DNA was extracted 

from leaves using MG
TM

 Plant Genomic DNA Extraction SV miniprep 

(Macrogen Inc, Seoul, South Korea) and quantified using Nanodrop 

Spectrofotometer. DNA quality were confirmed using gel electrophoresis. 

Jatropha curcas sequences from other country available in 

database were used as comparison, include: 1) the whole genome sequence 

DNA from J.curcas line from Palawan Island-Phillippines (Sato et al., 

2010); 2) transcriptome sequence of  physic nut inbred from China and 3) 

transcriptome sequence of Jatropha integerrima (Wu et al., 2015). Those 

sequences were downloaded from DNA Data Bank of Japan 

(DDBJ/GenBank/EMBL). 
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Table 1.  List of Indonesian Jatropha curcas collections and islands of 

origin 

Island Number of accesions Colour Code 

Bangka 4 Blue 

Java 9 Red 

Lombok – Sumbawa 5 Yellow 

Flores 8 Orange 

Timor 8 Green 

Sulawesi 18 Purple 

Total 52  

 

 

 

 

 

Figure 1. Geographical distribution of  J. curcas collections from six islands 

in Indonesia. Coloured islands show origin of the accessions. Black dots 

show locations of accessions origin in each island. 
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GBS method and SNPs detection 

 

  GBS method were done as followed. Genomic DNA was digested 

using ApeKI restriction enzyme. Digested DNA fragments were ligated to 

the P1 and P2 adapters at both primer sites and the end sites were repaired 

with addition of A. The P1 adapter contained a forward amplification primer 

site, an Illumina sequencing primer site and a barcode sequence. After 

ligation, the fragments were PCR amplified with P1 and P2 specific primers. 

The library was validated on the Agilent Technologies 2100 Bio-analyzer 

and the ABI StepOnePlus Real-Time PCR system.    

  Sequencing data generated from GBS method were filtered and sorted 

based on the barcode adaptor to assign the sequence reads to the each 

sample. The sorted sequences then were trimmed from the barcode adaptor 

and processed with sequential steps as it is shown in  diagram flow (Figure 

2) to get variation data. Firstly, sequence data from every sample was 

aligned to Jatropha curcas reference sequence available in Crop Genomics 

Lab website (www.plantgenomics.snu.ac.kr) using Bowtie2 software 

(Langmead  and Salzberg, 2012). Generated output of Sequence Alignment 

Map (SAM) format file then was converted to Binary Alignment Map 

(BAM) format file and was sorted. Finally, SAMtools were used to  
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generate a pileup of read bases using the alignments to a reference sequence, 

and BCFtools were used to call variant from the output of the SAMtools 

mpileup command. The variant calling results were stored in Variation 

Calling Format (VCF) file.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Diagram flow of variation detection process on sequence data 

generated by GBS method. 
1
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Genetic Diversity Analysis 

 

   The genetic diversity parameters were measured on allele number 

(Na), effective number of allele (Ae), Shanon Information index (I), 

Expected heterozygosity (He) and Fixation index (F). Genetic 

differentiation among populations was estimated using Analysis of 

Molecular variation (AMOVA). In order to estimate the presence of 

isolation by distance, Mantel test was conducted to calculate the correlation 

between genetic distances and geographical distances among Indonesian J. 

curcas collections. These analyses were done by GenAlEx 6.5 (Peakall and 

Smouse, 2012).  

Population structure was analysed using STRUCTURE 2.3.4. 

(Pritchard et al., 2000). The estimated number of populations (K) was set 

from 1 to 10 with a 100,000 step burn-in and 100,000 MCMC iterations. 

Allele frequencies were assumed to be correlated among populations and an 

admixture model was chosen. This process was repeated 10 times for each 

K. The true K value was determined using log likelihood and ΔK method 

(Evanno et al., 2005) that were calculated using STRUCTURE 

HARVESTER (Earl and vonHoldt, 2012). Phylogenetic tree was 

constructed using Nei’s genetic distance (Nei and Takezaki, 1983) by 
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PowerMarker 3.25 (Liu and Muse, 2005) and an unrooted Neighbor Joining 

tree with 1000 bootsrap replication was drawn  using Mega 6.0 (Tamura et 

al., 2013) and was visualized using iTOL ( Letunic and Bork, 2011). 
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RESULTS 

 

Sequencing Reads  and SNPs Detection Data 

 

 The number of processed reads (filtered and trimmed) for each 

accession generated by GBS method were ranged from 1,450,218 (JC153 

from Timor) to 5,724,830 (JC065 from Java) with an average 3,259,792 

reads (Table 2). The alignment to reference sequence showed low alignment 

rate for all accessions. The average alignment rate per accession was 

47.819 %. Of this, most of the reads aligned only one time in reference 

genome, with an average of 41.7 % alignment rate per accession and only 

6.10% portion of the reads that aligned more than 1 time.   

 The variation calling step generated  13,916 Single Nucleotide 

Polymorphisms (SNPs) that possesses a minimum read depth of three and a 

minimum of phred-scale quality score of 30. The average coverage of this 

SNPs was 2.1 % of the genome and the average number of bases per SNP 

were 485 bases per SNP (Table 2). Among these 13,916 SNPs only 6% that 

polymorphic within J. curcas accessions from Indonesia, China, Thailand 

and Philippines, and the number of SNPs that polymorphic among 

Indonesian collections were 297 SNPs (Figure 3).  
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Table 2. Summary of sequence and SNPs detection data 

Summary parameters 

  

Number 

 

Number of reads 
 

 Average of processed reads per accession  3,259,792 

 
Minimum 1,450,218 

(JC153-Timor) 

 Maximum 5,724830 

(JC065-Java) 

Alignment of reads to reference genome 

  Average of alignment rate per accession (%) 47.82 

    Aligned exactly one time 41.70 

    Aligned more than 1 time 6.12 

 Filtered SNPs  (
1
Q >30 and 

2
DP >2) 13,916 

 Average Coverage (%) 2.1 % 

 Average number of bases per SNP 485 

1

Phred-scaled quality score 
2

Read depth for each SNPs position per accession 
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Figure 3. Proportion of polymorphic markers in  J. curcas populations 
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Genetic Diversity Parameters of Indonesian J. curcas Collections 

  

    The genetic diversity parameter among Jatropha curcas population   

were shown in table 3. Population from Sulawesi showed highest alleles 

number (Na), whereas population from Bangka showed lowest alleles 

number. The number of samples might have correlation with the allele 

numbers that could be detected in the populations. The result showed that 

the number of alleles increased as the increasing of sample numbers. 

    Effective number of alleles (Ae), Shannon’s information indices (I), 

observed (Ho) and expected heterozygosity (He) are usually used to indicate 

the level of genetic diversity in population. Collections from Timor island 

showed highest value of Ae, I and He, indicated that Timor population had 

the highest diversity among Indonesian collections. Fixation indices showed 

negative value in all populations, indicated that there were excess of 

heterozygosity. Overall, total gene diversity in Indonesian J. curcas 

collections as it was shown by He showed low level of genetic diversity (He 

= 0.271), implied that at a single locus, the probability of any two alleles 

will be different to each other was only 27.1 %. 
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Table 3. Genetic Diversity Parameters among Indonesian  J. curcas  collections 

Island N
1
 Na

2
 Ae

3
 I

4
 He

5
 F

6
 

Bangka 4 1.549 1.451 0.345 0.241 -0.623 

Java 9 1.673 1.449 0.368 0.250 -0.332 

Lombok – Sumbawa 5 1.694 1.512 0.411 0.283 -0.443 

Flores 8 1.717 1.508 0.408 0.280 -0.390 

Timor 8 1.744 1.519 0.422 0.289 -0.368 

Sulawesi 18 1.808 1.506 0.415 0.281 -0.334 

Total 52 1.698 1.491 0.395 0.271 -0.404 

Standard error  0.011 0.011 0.007 0.005 0.014 

 

1
Number of accessions           

4
Shannon information index 

2
Number of alleles            

5
Gene Diversity/Expected heterozygosity  

3
Effective number of alleles         

6
Fixation index/Inbreeding coefficient 
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Genetic Differentiation 

 

   Analysis of Molecular Variation (AMOVA) was conducted to 

reveal genetic differentiation of Indonesian J. curcas collections. AMOVA 

analysis result showed significant genetic differentiation (p < 0.0016), even 

though there was only low genetic differentiation as indicated by FST= 0.042 

(table 4). Wright (1978) has categorized Fst 0 to 0.05 as low genetic 

differentiation. This was also indicated by the low contribution of variation 

among population to the total variation in the population (4%). 

   To investigate whether there was isolation by distance that 

contributed to the genetic differentiation in J. curcas populations, Mantel 

analysis was conducted. Mantel analysis showed the relationship between 

genetic distances (FST) and geographic distances (km) among the 

subpopulations (islands). The results showed non-significant value of Rxy, 

indicated there were no isolation by distance among the Indonesian 

populations (Figure 4). 
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Table 4. Analysis of molecular variance  (AMOVA) of Indonesian J. curcas populations 

Source df SS MS Est. Var. % Fstatistic P value 

Among population 5 369.519 73.904 1.8377 4 
1
FST = 0.042* <0.016 

Within population 98 4229.010 43.153 43.153 96   

Total 103 4598.529  45.030 100   

 

1
measure of genetic differentiation among subpopulations to the total populations 
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Geographic Distances (km) 

Figure 4. Relationship between pairwise FST  (genetic distances) and 

geographic distances among  Indonesian collections. 
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Population Structure Analysis 

 

Population structure of Indonesian J. curcas populations were 

analyzed using  model-based clustering method implemented by 

STRUCTURE Software (Pritchard et al., 2000).  The true K (number of 

clusters) estimated using log likelihood and delta-K method (Evanno et al., 

2005) was K = 2 (Figure 5A and 5B). The bar chart (Figure 6) showed the 

grouping of the populations and the  proportions of alleles in each genetic 

group (colour) for each individual (upper vertical bar) for each geographical 

populations. The results of STRUCTURE analysis showed mixed clustering 

of the J. curcas accessions from different islands. However, there were 

separation from accessions that were located in the North and South part of 

the archipelago. Mainly, the accessions from Java, Lombok-Sumbawa, 

Flores and Timor that located in South part were not placed in the same 

cluster with accessions from Bangka and Sulawesi that were located in 

North part. The exception was only from two accessions that were located in 

Sumbawa island which grouped in the same cluster with accessions from 

Sulawesi island. 

When K = 2, accessions from Bangka and Sulawesi that were 

separated far away (± 1572.59 km) clustered together (green). Accessions 
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from Java, Flores and Timor, that were all located in Southern part of the 

archipelago, clustered together (red). Accesions from Lombok-Sumbawa 

were divided between that two clustered. At K=3, the addition group 

consisted of mixed between accessions from Java and two accessions from 

Timor. When K = 4, new group appeared and consisted of accessions from 

Bangka and three accesions from Sulawesi . At K = 5, the addition group  

consisted of one individual accession from Sulawesi population, that was 

JC365. 

At higher K number (K = 6 – 7), the addition groups were occurred 

among accessions from Southeast Nusa islands (Lombok-Sumbawa, Flores, 

and Timor).  Furthermore, there were same patterns of  mixed ancestry in 

every individuals from K = 2 to K = 7. There were very little admixtures in 

collections from Bangka, Java and Sulawesi, whereas, higher admixtures 

were found in collections from Southeast Nusa islands. 
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Figure 5. Plots of the log likelihood (A) and Δ K (B) to estimate the real  

number of clusters (K). K were set from 1 to 10 with 10 replicates per run. 
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Figure 6. Bar chart showed population structure of Indonesian J. curcas 

collections as inferred by K=2-7. *LS = Lombok-Sumbawa 
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Genetic Relationship  

 

    Phylogenetic tree based on Nei’s genetic distance (Nei and 

Takezaki, 1983) was constructed to estimate the genetic relationship 

between Indonesian J.curcas collections. The unrooted Neighbor Joining 

tree grouped the populations to four clusters (Figure 7). First cluster 

consisted of populations from  Sulawesi and two accessions from Lombok – 

Sumbawa. Second cluster consisted of all accessions from Bangka and three 

accessions from Sulawesi that located in southernmost of the island. The 

third cluster consisted of all accessions from Java and 2 accessions from 

Timor. Fourth cluster consisted of accessions from Lombok-Sumbawa, 

Flores and Timor. These three islands have relatively close distances and 

located in Southeast Nusa islands. 

    The phylogenetic tree showed clearly separation between 

accessions from Sulawesi and Bangka with  accessions from Java, Flores 

and Timor. However, accessions from Lombok – Sumbawa were divided 

between two major clusters. Interestingly accessions from Sulawesi and 

Bangka grouped together even though these two islands separated 1572.59 

km from each other. These results confirmed the STRUCTURE analysis 

grouping results. 
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   In addition, phylogenetic tree that showed the relationships among 

Asian J. curcas accessions from Indonesia, Philippines, Thailand and China 

and between Jatropha integerrima as related species in the genus Jatropha 

has been constructed. Rooted neighbor joining tree was drawn using Nei’s 

genetic distances (Figure 8).  Jatropha integerrima, as an outgroup clustered 

separately from J. curcas accessions with far genetic distances. Asian J. 

curcas accessions geographically clustered. J.curcas accessions from China 

(East Asia) clustered outside from J. curcas accessions from Indonesia, 

Thailand and Philippines (Southeast Asia) that clustered together. 

Indonesian accessions clustered separately from Thailand and Philippines 

accessions. 
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Figure 7. Unrooted neighbor-joining tree showed genetic relationships 

among Indonesian J. curcas collections. The tree was constructed based on 

Nei’s genetic distance with 1000 boostrap replication. Different colour 

symbolizes different island : blue (Bangka), red (Java), yellow (lombok-

Sumbawa), green (Flores), orange (Timor) and purple (Sulawesi). 
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Figure 8. Rooted NJ Tree based on Nei’s  genetic distances among J.curcas and J. integerrima. Numbers above 

the branch showed branch lengths. 
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DISCUSSIONS 

     

   The genetic diversity analysis using molecular marker has been  

studied on local and global J. curcas collections. However, there are still 

few studies that make use of SNP markers, assayed by next generation 

sequencing approach. In this present study, using J. integerrima as an 

outgroup we could generate relatively high number of SNP markers.             

J. integerrima, as one of related species of J. curcas,  displayed highest 

genetic similarity with J. curcas and cross-compatibel, therefore, could 

produce semi-fertile hybrids (Parthiban et al., 2009; Tanya et al., 2011; 

Sinha et al., 2014). However, among those SNPs, only 6% that were 

polymorphic in J. curcas accessions. The other studies with other plant 

species also showed reduction in polymorphic SNP numbers with its related 

species, but the reduction was not as high as in our study. There were 21.9 % 

polymorphic SNPs that left in pigeonpea (Cajanus cajan) compared to its 

wild relatives species (Kassa et al., 2012), and 31.5 % polymorphic SNPs 

that left in Soybean (Glycine max) compare to its wild relative, Glycine soja 

(Wang et al., 2016). 

     The high reduction of SNP numbers among J. curcas accessions 

may reflect the low genetic variations in this plant gene pool. Gupta et al., 
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(2012) detected 2,482 SNPs among J. curcas accessions from India, North 

America, South America and Africa. The higher number of SNPs compare 

to our study may be caused by wider genetic distances among the samples 

that include accessions from three different continents, whereas our samples 

only include accessions from Asia. 

    Genetic diversity and genetic differentiation of Indonesian 

collections were found to be low. Genetic diversity as revealed by expexted 

heterozygosity (He=0.271) has similar result as other studies conducted on 

populations in Asia and Africa (Kumar et al., 2011; Machua et al., 2011; 

Na-ek et al., 2011; Tanya et al., 2011), lower than populations from Chiapas, 

Mexico (He=0.34–0.54; Sanou et al., 2015). J. curcas had lower gene 

diversity compared to rice, where assessment of rice genetic diversity of 

populations that located in one island in Indonesia showed gene diversity 

value of 0.49, and across Indonesian populations were 0.70 and across set of 

global rice accessions had value of 0.70 (Thomson et al., 2009).  

    Cluster analysis based on bayesian method and phylogenetic tree 

only grouped accessions into 2 to 4 clusters, with mixed sub-populations 

(islands of origin) in the same cluster. There were no isolation by distances 

as accessions from islands that separated far away (± 1572.59 km) and 

located in different part of the archipelago were clustered together. Based on 
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these results, it could be assumed that the geographically characteristics of 

Indonesia as an archipelago does not shape the genetic differentiation 

among Indonesian collections. It contrasted with the theory that populations 

in gographically isolated display high genetic differentiation, as a result of 

reduced gene flow by the increasing of geographic distance (Wright, 1943). 

    Many studies suggest that the low genetic diversity in Asian and 

African accessions were caused by narrow genetic base of introducted 

germplasm. In the present study, the grouping seem only reveal the more 

origin germpalsm rather than new genetic diversity arises because of 

geographically barriers, since the introduction time is still not long enough 

for new distinctiness. Accessions from North part of the archipelago 

(Sulawesi) separated from accessions from islands that located in southern 

part (Java, flores and Timor). From this result, it could be assumed that 

accessions from Sulawesi and from southern part were distinct. However, 

there are some accessions from Bangka (north part) and Sumbawa (south) 

that show similar accessions with accessions from particular location in 

Sulawesi, indicated that there were dispersion from Sulawesi to those two 

islands. Other study (Satyawan and Tasma, 2011) also suggests that most of 

Indonesian J. curcas diversities probably reflect more of the actual origin of 

the introduced germplasms. 
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    To confirm this, we try to estimate the possible introduction and 

dispersion history by looking the history of Indonesia. Heyne (1913), a 

Dutch botanist, in his book wrote several local names of J. curcas, indicated 

that at that time this plant species has already spread in Indonesia. It was 

confirmed the assumption that Portuguese brought J. curcas from its centre 

of origin to other country in Africa and Asia through Cape Verde islands 

during 16
th

 (Heller, 1996; Brittaine and Lutaladio, 2010). Portuguese came 

first before Dutch during 1512-1515 through three locations (1) Northern 

part : Moluccas island; (2) Southern part : Java island and (3) Southern part : 

Timor island (Poesponegoro and Notosusanto, 1984), as it is shown in 

figure 9. As the results of STRUCTURE analysis and phylogenetic tree that 

separated accesions from Sulawesi (that is located close to Moluccas island)  

from Java and Timor island, we assumed that J. curcas germplasms might 

introduced to two to three locations as the entrance location of Portuguese 

traders in this archipelago.     

    Furthermore, the mixed grouping between accessions from 

Sulawesi, Bangka and Lombok might indicated the dispersion by human 

activities. Since fourteenth century and after, Bugis people (Sulawesi) are 

reputed to have established trade routes across Southeast Asia (Flores, 

Timor, Moluccas, Bornea, manila, Cebu, Cambodia, malacca, Siam, bali, 
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Java, Sumatera-Bangka) and excellent navigation knowledge (Ammarel, 

1999; Lampe, 2012). However, even though Sulawesi island is near from 

Moluccas island, and there were  history evidence that Bugis people had 

trade route to Moluccas, the possibility that Sulawesi accessions were 

derived from Moluccas island should be confirmed with future research. 

Since there was no accessions from Moluccas in our study. Studies on 

genetic diversity analysis on J. curcas germplasm in India also indicated 

that there were only two distinct germplasms that introduced to the country 

and then were distributed throughout the country through human activity 

(Pamidimarri and Reddy, 2014). 

     The low level of genetic diversity found in our study and other 

study contrasted with the fact that J. curcas is an outcrossing species. 

Outcrossing species exhibit heterozygosity since mating pattern is 

autogamous so can create high genetic diversity. However, in case of J. 

curcas, excess heterozygosity in some populations do not have postive 

contribute to high variation. Some studies showed that J. curcas was an 

outcrossing species, but has high capability of producing fruits through 

selfing (Razu and Ezradanam, 2002; Negussie et al., 2014).  In general, 

selfing will lead to increase level of homozygosity and limit gene flow. 

Therefore, the low level of genetic variation in J. curcas collections outside 
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the centre of origin might be caused by the narrow germplasm origins, 

genetic bottlenecks generated in the early domestication process and 

combined with the ability of the species to self-pollinate (Achten et al., 

2010; Sanou et al., 2015). In addition, the species is easily propagated by 

cutting and grafting. Farmer’s distribution of cutting and grafting might also 

have contributed to spread the same genotypes to other locations that could 

reduce the genetic diversity level of the introduced germplasm that already 

have narrow genetic base (Ouattara et al., 2014). 

    In summary, there were low level of genetic diversity and genetic 

differentiation in Indonesian J. curcas collections, that might caused by 

narrow genetic diversity of introduction germplasms. Therefore, it is need to 

increase the genetic variation in Indonesian collections, that could be 

achieved by (1) crossing with accessions from other countries and from 

origin of species (Mexico) and 2) crossing with related species. These 

strategies are expected to have positive contribution in breeding and 

conservation attempt of  J. curcas plantations in Indonesia.  
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Figure 9. Three entrance locations of Portuguese Seafarers in Indonesia during 16
th

 century.  

(1) Moluccas island, (2) Java island and (3) Timor island. 
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ABSTRACT IN KOREAN 

 

초록 

 

Jatropha curcas (L.)는 디젤유를 대체할 수 있는 잠재적 바이오에너지 

식물이다. 그러나 오일생산량이 많은 다수성 품종 개발이 아직 이루어지지 

않아 대규모 재배가 제한적이다. 그러므로 J. curcas 우량 품종을 육종하기 

위해서 유전적 다양성을 이해하는 것은 매우 중요하다. 본 연구의 목적은 

인도네시아 6개 섬들로부터 수집한 J. curcas 유전자원 집단에 대한 유전적 

다양성과 집단 구조를 조사하는 것이다. Genotyping-by-sequencing 

기법으로부터 동정된 단일염기변이(single nucleotide polymorphism, SNP)을 

토대로 유전적 다양성과 집단구조 분석을 수행하였다. Jatropha integerrima를 

outgroup으로 사용하였을 때는 자트로파 유전자원들간 총 13,916개 SNP가 

탐색된 반면, 태국, 필리핀, 중국 자트로파 유전자원과 비교하였을 때는 856개 

SNP가 탐색되었다. 그리고 인도네시아 자트로파 유전자원들간에는 오직 

297개 SNP들만 탐색되었다. 계통 관계와 구조 분석 결과 인도네사아 

자트로파 유전자원들은 크게 두 그룸으로 나뉘어졌다. 비록 Bangka와 

Sulawesi 섬이 1580km 떨어져 있지만 두 섬에서 수집한 유전자원들이 한 

그룹으로 묶였고, 다른 그룹에는 남쪽에 있는 섬들, Java, Lombok-Sumbawa, 

Flores 그리고 Timor의 자트로파 유전자원들이 속해 있었다. 수집 섬들의 

유전자원 집단들간 유전적 차별성이 매우 낮고 섬들간 거리에 따른 유적적 

격리도 유의미하지 않음을 알 수 있었다. 본 연구결과에서 밝혀진 인도네시아 

자트로파의 기원과 유전적 다양성에 대한 정보는 인도네사아 자트로파 

육종을 위한 자료로 매우 유용하게 활용될 수 있을 것으로 생각된다.  
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   본 연구논문은 연구의 목적이 합리적이고 타당하며, 실험의 설계 및 

수행 등의 과정이 과학적일 뿐만 아니라 인도네사아 바이오디젤 식물 

자트로파에 대한 유전적 다양성을 GBS로 탐색함으로써 자트로파 상업적 

재배를 위한 품종육성에의 학문적 기초 자료를 제공하였기에 석사학위 

논문으로 손색이 없을 것으로 사료된다. 

 

주요어: Jatropha curcas, 유전자원들간, 섬, 유전적 다양성, 인도네시아,  유전 

적 분화 

 

학번: 2014-25176 
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APPENDIX 

Appendix 1. List of fifty two Indonesian J. curcas collections   

No. Accession 

Code 

Collection site Island 

1 JC485 Bangka Bangka 

2 JC492 Bangka Bangka 

3 JC496 Bangka Bangka 

4 JC503 Bangka Bangka 

5 JC002 Situbondo Java 

6 JC014 Situbondo Java 

7 JC054 Malang Java 

8 JC061 Kediri Java 

9 JC065 Kediri Java 

10 JC068 Kediri Java 

11 JC075 Kediri Java 

12 JC103 Madiun Java 

13 JC105 Bojonegoro Java 

14 JC238 West Lombok Lombok-Sumbawa 

15 JC252 West Lombok Lombok-Sumbawa 

16 JC302 Bima Lombok-Sumbawa 

17 JC320 Bima Lombok-Sumbawa 

18 JC321 Bima Lombok-Sumbawa 

19 JC162 Ende Flores 

20 JC175 Ende Flores 

21 JC194 Ngada Flores 

22 JC196 Ngada Flores 

23 JC210 Ngada Flores 

24 JC218 Sikka Flores 

25 JC219 Sikka Flores 

26 JC224 Sikka Flores 

27 JC149 Belu Timor 

28 JC151 North Central Timor Timor 

29 JC152 South Central Timor Timor 

30 JC153 South Central Timor Timor 

31 JC154 South Central Timor Timor 

32 JC155 South Central Timor Timor 
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Appendix 1. (Continued) 

33 JC156 South Central Timor Timor 

34 JC160 Kupang Timor 

35 JC355 Enrekang Sulawesi 

36 JC356 Enrekang Sulawesi 

37 JC362 Enrekang Sulawesi 

38 JC365 Enrekang Sulawesi 

39 JC376 Wajo Sulawesi 

40 JC383 Bone Sulawesi 

41 JC384 Bone Sulawesi 

42 JC386 Bone Sulawesi 

43 JC394 Bone Sulawesi 

44 JC397 Bone Sulawesi 

45 JC402 Maros Sulawesi 

46 JC403 Maros Sulawesi 

47 JC405 Maros Sulawesi 

48 JC413 Bantaeng Sulawesi 

49 JC423 Bantaeng Sulawesi 

50 JC447 Jeneponto Sulawesi 

51 JC453 Jeneponto Sulawesi 

52 JC479 Takalar Sulawesi 
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