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Abstract: Jatropha is largely a semi-wild plant under domestication. There is wide variation in morphological and agro-

nomic traits of Jatropha. There are several endeavours to improve the genetic quality of Jatropha. Various seed yield 

ranges have been reported for Jatropha, for example, 0.4 – 12 t ha
-1

. Proper identification and characterisation of the 

plant’s germplasm is central in genetic improvement of the plant. This paper evaluates the utility of markers for determi-

nation of genetic diversity in Jatropha. Several marker techniques are available for genetic characterisation of Jatropha. 

These include morphological and DNA-based markers. DNA-based markers such as RAPD, AFLP, RFLP, SSR and ISSR 

have been applied in evaluation of genetic diversity in Jatropha. Each of these techniques has its own advantages and 

limitations that determine its applicability in plant genetic diversity studies. This paper recommends application of a com-

bination of markers as a reliable approach for determination of intra-specific genetic diversity in Jatropha. 
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INTRODUCTION 

Jatropha has emerged in recent years as an energy plant 
suitable for production of biofuels. The popularity of Jatro-
pha is derived from the numerous potential benefits that can 
be derived from its cultivation. These range from the multi-
ple uses of its oil, ability to reclaim degraded lands [1] to 
promoting rural entrepreneurship. Jatropha is an oil tree that 
grows well under a wide range of climates and physiographic 
conditions [2, 3]. It is largely a semi-wild plant with much 
work pending or in vogue in attempts to make it a successful 
energy crop [4]. Traits of economic importance in Jatropha 
are seed yield, oil content and oil quality. These are the main 
targets for genetic improvement of the plant. A few prove-
nance trials that have been conducted in Africa have found 
genotype by environment interaction in these traits [5]. Wide 
variation has been reported in morphological and agronomic 
traits of Jatropha. The variation can be between and within 
varieties under the same growth conditions [4]. For example, 
various seed yield ranges have been reported for Jatropha. 
The range is as wide as 0.4 – 12 t ha

-1
 [6]. Empirical data 

also show too much variability in seed yield among individ-
ual trees. Annual seed yield variation among 19 trees of 0 – 
850 g dry seed per tree was reported [7]. 

What is worth noting is that seed yields reported in litera-
ture are accompanied by little or no information on genetic 
provenances. This information would be useful for sagacious 
interpretation of the variation. There is consensus in  
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literature that the greatest prospect for improving the produc-
tivity of Jatropha lies in genetic improvement [7]. The start-

ing point is genetic characterisation of different provenances 

as a process towards selection and breeding of superior geno-
types. Genetic characterisation enables the identification of 

key features of the available genetic resources. Breeding 

programmes can be developed using this knowledge. In 
terms of methodology for genetic characterisation, various 

markers have been used to detect genetic diversity in differ-

ent plant species. These markers include morphological, pro-
tein-based, and DNA-based markers. Morphological and 

protein-based markers have a long history in genetic charac-

terisation of plants. Since the 1990s, DNA-based markers 
have become common tools in genetic evaluation due to the 

advent of polymerase chain reaction (PCR).  

Genetic marker techniques include random amplified po-
lymorphic DNA (RAPD) [8], amplified fragment length 

polymorphism (AFLP) [9], restriction fragment length 

polymorphism (RFLP) [10], simple sequence repeat (SSRs) 
or microsatellites [11] and inter simple sequence repeat 

(ISSR) [12]. This paper provides a review of use of these 

genetic markers in evaluation of biodiversity of Jatropha and 
their possible applications in genetic improvement of Jatro-

pha.  

DESCRIPTION AND COMPARISON OF DIFFERENT 
GENETIC MARKER TECHNIQUES 

There are three major types of markers that can be used 
to determine genetic diversity in plant species. These are 
morphological, protein-based and DNA-based markers. The 
typology of DNA-based markers is shown in Table 1. 
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EXPERIENCES WITH DIFFERENT MARKERS 

Several studies have been carried out with different 
markers in genetic characterisation of Jatropha. Some of the 
work has produced useful information. A summary of expe-
riences in genetic characterisation of Jatropha is shown in 
Table 2. 

Morphological Markers 

Morphological markers are routinely used for estimating 
genetic diversity of plants since they are cheap and fast. 
Morphological differences arise due to selection and/or  
 

genetic drift, and phenotypic variation [21]. The commonly 
used traits for morphological characterisation include pheno-
typic variability of plant organs such as flowers, leaves and 
stems. An example of morphological characterisation of Jat-
ropha is work done in India on 24 accessions collected from 
different zones [22]. This work reported moderate genetic 
diversity and that variation was higher for phenotype than 
genotype between the accessions. Significant differences 
(P<0.05) in seed size, 100-seed weight and oil content be-
tween the accessions were reported [22]. 

Another study in India, [23] found moderate variation in 
plant height, stem girth, branches per plant and seed weight  
 

Table 1. Markers for determining genetic diversity. 

Type of Marker Year Introduced Reference 

DNA-based   

Restriction fragment length polymorphism (RFLP) 1980 [10] 

Random amplified polymorphic DNA (RAPD) 1990 [8] 

Amplified fragment length polymorphism (AFLP) 1993 [9] 

Simple sequence repeats (SSR) or microsatellites 1989 [11] 

Inter simple sequence repeat (ISSR) 1994 [12] 

 

Table 2. Recent experiences in genetic characterisation of Jatropha. 

Type of Marker Work Done on Jatropha Genetic Variation % Polymorphism Reference 

Morphological - - - - 

Isozymes 
Isozyme polymorphism to detect genetic diversity between 55 

Indian accessions 
Low 26.67 [13] 

RAPD Genetic characterisation of J. curcas clones from China Low 34 [14] 

 
Evaluation of genetic diversity in eco-geographical popula-

tions of India 
High 93.90 [15] 

 
Analysis of molecular diversity in 160 accessions from 8 

populations of Kenya 
Moderate to high >60 

[3] 

 

ISSR Genetic characterisation of J. curcas clones in China Low 34 
[14] 

 

 Genetic relationship among different accessions of J. curcas High 61.53 [16] 

 
Assessment of the extent of genetic diversity between 16 J. 

curcas accessions in Malaysia 
Low 40 [17] 

SSR 
Genetic diversity of 192 J. curcas germplasm collected in 

Brazil 
Very low 0.26 [18] 

 Genetic relationship among different accessions of J. curcas  33.33 [16] 

AFLP 
Genetic diversity and relationship of J. curcas in China and 

Asian countries 
Narrow 14.78 [19] 

 
Genetic diversity in 5 J. curcas populations from Chiapas in 

Mexico 
High 81.18 [20] 
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among 34 accessions. Earlier work in Thailand reported no 
intra-specific morphological variations among 40 Jatropha 
lines from different locations [24]. 

Morphological markers are influenced by environmental 
conditions. Thus, observations may not represent true genetic 
differences or similarities [15]. As stated earlier, a few 
provenance trials reported in Africa found genotype by envi-
ronment interaction for Jatropha [5]. The imperative then is 
to go beyond morphological characterisation in order to es-
tablish true genetic variation in different provenances of Jat-
ropha. 

Protein-based Markers 

Protein profiles (isozymes) were the first molecular 
markers to be used in genetic characterisation and are still 
used today. The relatedness of the genus Jatropha and 
Ricinus were determined using isozymes [25]. Work done in 
India by [13] showed that only three out of fifteen enzyme 
systems (formate dehydrogenase, peroxidase, malate dehy-
drogenase) were useful in polymorphic studies of 55 Jatro-
pha accessions. Very low heterozygosity was revealed by 
dendrogram, narrowing the scope for exploitation of hybrid 
vigour. As a result, [13] concluded that initiating breeding 
programmes for Jatropha in India may not lead to change in 
both quality and quantity of economic traits. 

Electrophoretic mobilities of bands (Rf) shown by per-
oxidase enzyme system from leaf samples of six Jatropha 
species viz., J. curcas, J. gossypifolia Jacq, J. integerrima 
var. Rosea, J. multifida L., J. podagrica Hook, J.tanjorensis 
and an F1 hybrid between female J. curcas and male J. Inte-
gerrima were studied [26]. Two bands with mobilities of 
0.376 and 0.476 were revealed by peroxidase isozymes of J. 
tanjorensis. Band mobilities of 0.376 and 0.476 were found 
in J. gossypifolia and J. curcas, respectively. An artificial 
hybrid between J. curcas and J. integerrima produced three 
bands of mobilities 0.376, 0476 and 0.471 in all the progeni-
tors.  

Comparison of isozymes (peroxidase, esterase and glu-
tamate oxaloacetate transaminase) of 15 accessions of Jatro-
pha from four States of Brazil showed differences in electro-
phoretic profiles of accessions for the different enzymatic 
systems [27]. However, extensive divergence was not found 
except in one genotype which presented only 55% of similar-
ity with the rest of the biological materials tested [27]. 
Isozyme analysis is simple, fast and cheaper than DNA-
based methods. However, the limited number of loci avail-
able for study limits their usefulness.  

DNA-based Markers 

DNA-based molecular markers are increasingly becom-
ing important tools in plant genetic diversity analysis due to 
their sensitivity and specificity. The first advancement of 
DNA-based markers came with the introduction of restric-
tion fragment length polymorphism (RFLP). Since then, the 
advent of polymerase chain reaction (PCR) has provided 
new marker systems for diagnosis of genetic diversity to 
improve plant breeding programs. These are simple and  
 

 

quick techniques such as randomly amplified polymorphic 
DNA (RAPD), amplified fragment length polymorphism 
(AFLP), inter simple sequence repeat (ISSR), and simple 
sequence repeat (SSR) or microsatellites [28]. 

Use of DNA-based markers has precedence in genetic 
characterisation of Jatropha. In India and China a wide vari-
ety of molecular marker systems have been used to assess 
intra-specific genetic diversity within species of Jatropha 
involving accessions from different agro-climatic zones [28]. 
Molecular characterisation to distinguish between toxic and 
non-toxic species of Jatropha has also been attempted using 
PCR based techniques particularly RAPD and AFLP tech-
niques.  

Restriction Fragment Length Polymorphism (RFLP) 

Restriction Fragment Length Polymorphism markers 
were first used by [29] to differentiate three synthetic North 
American alfalfa (Medicago sativa) varieties. Since that 
time, RFLP markers have been used in other plant species. 
RFLP markers were used for identification of quantitative 
trait loci (QTL) in soybean (Glycine max L. Merr.) for seed 
protein and oil content [30]. They were also used for identi-
fication of alfalfa ecotypes [31].  

Genetic diversity of several other plants such as rubber 
and cassava has also been established using RFLP markers 
[32]. The relationship between the Korean and Japanese Tea 
plants (Camellia sinencis) was also determined by RFLP 
markers [33]. It is plausible to state that RFLP markers can 
help in assessing molecular diversity of Jatropha germplasm 
and provide information that can be used in breeding pro-
grams [34, 35]. However, there is yet no empirical evidence 
on Jatropha diversity-related applications. The RFLP mark-
ers need high quality DNA. Therefore they are expensive, 
slow, and laborious and cannot be mechanised or scaled up.  

Randomly Amplified Polymorphic DNA (RAPD) 

Most of the work that has been done on determination of 
genetic diversity of Jatropha has used RAPD markers. For 
example, Chen et al. [14] used RAPD primers to determine 
genetic relationships among J. curcas clones in China. Their 
results showed that five RAPD primers generated reproduci-
ble amplification of 43 polymorphic bands out of 126 bands 
scored, accounting for low polymorphism of 34% across the 
clones. In Kenya, [3] studied molecular diversity of eight 
Jatropha populations and reported moderate to high genetic 
diversity with all showing over 60% polymorphism. The 
work reported by [15] showed high genetic variability and 
93.90% polymorphism on evaluation of a population of J. 
curcas L. from eco-geographical populations of India. 

There are other examples of the application of the RAPD 
technique. Seventy-nine percent polymorphism was reported 
in seven genotypes of Jatropha in India [36]. Twenty RAPD 
primers were used to analyse phylogenetic relationships of 
13 Jatropha genotypes in India and reported a polymorphism 
range of 40 to 100% [37]. Genetic similarities studied be-
tween 24 accessions of Jatropha in Brazil using the RAPD 
technique indicated existence of high genetic divergence  
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[38]. However, RAPD technique has the problem of low 
reliability and reproducibility [4]. 

Amplified Fragment Length Polymorphism (AFLP) 

The AFLP technique is a combination of RFLP and PCR 
technologies based on selective PCR amplification of restric-
tion fragments from a total digest of genomic DNA [9]. In 
Southeast Asian countries and China, AFLP markers were 
successfully used to survey genetic diversity of Jatropha. 
Examples include work done by [19] where 14.78% poly-
morphism was reported [19], and [39] generated 246 frag-
ments, of which 72 (29.3%) were polymorphic among 38 
populations of J. curcas in China. The results showed low 
genetic diversity and lack of variation among these popula-
tions. 

In India, [40] studied genetic diversity of 48 accessions 
of Jatropha using AFLP markers and found 88% polymor-
phism which provided high discriminative power for classi-
fication of germplasm accessions into different clusters. 
High genetic variability of 81.18% polymorphism was also 
observed by [20] who studied genetic diversity of five J. 
curcas populations in Mexico using AFLP markers. It is 
worth noting now that work on use of AFLPs to analyse ge-
netic diversity in populations of Jatropha is increasing. 

The AFLP is a highly efficient molecular marker that is 
stable and repeatable and allows the simultaneous analysis of 
large numbers of marker loci throughout the genome [19]. 
However, AFLP requires more DNA (300–1000 mg per re-
action) and is more technically demanding and time consum-
ing in the laboratory than RAPD [41].  

Simple Sequence Repeats (SSR) 

Simple sequence repeats (SSRs) or microsatellites often 
present high levels of inter- and intra-specific polymorphism, 
particularly when the tandem repeats number is at least ten 
[42]. Microsatellite markers are commonly used for quantita-
tive trait mapping [16].  

Microsatellites have been used to determine genetic di-
versity of Jatropha. For example, [43] studied genetic 
relationships of 58 accessions of Jatropha in China using 
simple sequence repeat (SSR). Only one out of 17 
microsatellite markers was polymorphic with two alleles 
[43]. In another study, use of 18 highly polymorphic 
chloroplast microsatellite markers (ccSSRs) yielded only six 
primers (33.33%) that resulted in good amplification and 
polymorphism [16]. In these two cases genetic variation was 
very low among accessions. New microsatellite markers 
were also applied by [44] to classify non-toxic and toxic J. 
curcas accessions from different countries. Eight out of 25 
markers that were able to amplify bands were polymorphic 
indicating usefulness in assessing diversity of Jatropha and 
identifying toxic and non-toxic Jatropha. 

Compared to multi-locus markers such as RAPD and 
AFLP, microsatellites have advantages such as locus speci-
ficity, high reproducibility, co-dominance nature, and sub-
stantial size polymorphism [27]. The technique is simple 
(consisting of two, three or four nucleotides), quick and can  
 

be repeated many times. Therefore, they remain the most 
stringent markers in detection of variability. The problem of 
these markers is the development of correctly functioning 
primers which is often a tedious and costly process [45]. 

Inter Simple Sequence Repeat (ISSR) 

There are few reports in literature of the ISSR technique 
with Jatropha. The ISSRs have high capacity to reveal 
polymorphism as compared to other arbitrary primers such 
as RAPD [36]. A novel set of polymorphic ISSR markers to 
mark the genetic relationship among different accessions of 
Jatropha were identified in India [31]. Molecular polymor-
phism was 35.5% with 100 ISSR markers indicating modest 
levels of genetic variation within Indian germplasm [31]. 

In a study in Brazil, ISSR markers were selected to 
evaluate their potential in accession of Jatropha [46]. Only 
five primers were found that resulted in acceptable levels of 
polymorphism and robustness of bands. Recently, [17] ana-
lysed the extent of genetic diversity among 16 accessions of 
J. curcas in Malaysia using ISSR markers and reported 40% 
polymorphism. 

The ISSRs are inexpensive to develop, simple, precise, 
require small amounts of DNA for PCR amplifications. 
Therefore, they are the least technically demanding and offer 
a fast method for providing information from a large number 
of loci especially in species where studies have not previ-
ously been undertaken. The problem of lack of reproducibil-
ity limits their application in studies on genetic diversity of 
Jatropha [16]. 

UTILITY OF MARKERS FOR APPLICATION PUR-
POSES 

The information provided in the preceding sections pro-
vides brief descriptions of the various markers that can be 
used for genetic characterisation of Jatropha. These tech-
niques can be considered to be applicable where the appro-
priate technical environment is in vogue. However, use of 
such novel techniques is not axiomatic in all environments. It 
is worthwhile to provide an analysis of the applicability of 
these techniques. This will provide information useful in 
planning technical approaches to genetic characterisation of 
Jatropha. The inadequacies of morphological markers are 
well documented. They cannot be a reliable measure of ge-
netic differences. On the other hand, isozymes though a good 
option, have limitations in the number of loci available. 

DNA-based markers are at the forefront of technological 
advancement. What is important is to develop appropriate 
criteria that can be used to compare applicability and effi-
cacy of the different DNA-based marker techniques. In so 
doing, the critical variables that will influence choice of 
technique need to be identified. The choice of markers de-
pends on low assay cost, affordable hardware, throughput, 
convenience and ease of assay development and automation 
[47, 48]. Major limitations for technological adoption in de-
veloping countries include cost and sophistication of requi-
site infrastructure. The criteria used by [49] to compare dif-
ferent marker techniques are adopted in this paper. The nine  
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factors used by [49] in comparison of different marker tech-
niques are shown in Table 3. Table 3 provides useful infor-
mation that can be used to determine the most appropriate 
techniques to use in genetic characterisation of Jatropha.  

RECOMMENDATIONS 

It is not the objective of this paper to prescribe a ‘best-fit’ 
option but provide an array of useful information to guide 
work on genetic characterisation of Jatropha. The RAPD is 
the simplest and fastest method among the DNA-based tech-
niques and can be applied in early phases of genetic charac-
terisation programs. The AFLP, RFLP, SSR and ISSR meth-
ods all have varying advantages and disadvantages. A multi-
method approach which seeks to optimise the merits of each 
of these methods is recommended. 

CONCLUSION 

Markers are useful tools for measuring genetic diversity 
of Jatropha. Morphological markers and isozymes have lim-
ited use in determination of genetic diversity and cannot 
adequately measure true genetic differences on their own. 
DNA-based molecular markers provide a more efficient and 
powerful tool to study inter- and intra-specific genetic differ-
ences in Jatropha. Use of such techniques for germplasm 
characterisation will facilitate the conservation and utilisa-
tion of Jatropha genetic resources, permitting the identifica-
tion of unique genotypes or sources of genetically diverse 
genotypes. Application of more than one method (a combi-
nation of markers) in a reliable manner on widely collected 
germplasm of Jatropha is highly recommended for determi-
nation of intra-specific genetic diversity of Jatropha. 
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