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Abstract Jatropha curcas L., a multipurpose shrub has
acquired significant economic importance for its seed oil
which can be converted to biodiesel, is emerging as an
alternative to petro-diesel. The deoiled seed cake remains
after oil extraction is toxic and cannot be used as a feed
despite having best nutritional contents. No quantitative
and qualitative differences were observed between toxic
and non-toxic varieties of J. curcas except for phorbol
esters content. Development of molecular marker will
enable to differentiate non-toxic from toxic variety in a
mixed population and also help in improvement of the
species through marker assisted breeding programs. The
present investigation was undertaken to characterize
the toxic and non-toxic varieties at molecular level and to
develop PCR based molecular markers for distinguishing
non-toxic from toxic or vice versa. The polymorphic
markers were successfully identified specific to non-toxic
and toxic variety using RAPD and AFLP techniques.
Totally 371 RAPD, 1,442 AFLP markers were analyzed
and 56 (15.09%) RAPD, 238 (16.49%) AFLP markers were
found specific to either of the varieties. Genetic similarity
between non-toxic and toxic verity was found to be 0.92 by
RAPD and 0.90 by AFLP fingerprinting. In the present
study out of 12 microsatellite markers analyzed, seven
markers were found polymorphic. Among these seven,
jems21 showed homozygous allele in the toxic variety. The
study demonstrated that both RAPD and AFLP techniques
were equally competitive in identifying polymorphic
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markers and differentiating both the varieties of J. curcas.
Polymorphism of SSR markers prevailed between the
varieties of J. curcas. These RAPD and AFLP identified
markers will help in selective cultivation of specific variety
and along with SSRs these markers can be exploited for
further improvement of the species through breeding and
Marker Assisted Selection (MAS).
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Introduction

Jatropha curcas L., belonging to the family Euphorbeaceae,
is native to South America and widely distributed in South
and Central Americas, Africa and Asia. Jatropha curcas is a
multipurpose shrub with significant economic importance
and having the capabilities to rehabilitate the degraded lands
[1]. Since its seed oil can be converted to biodiesel, it is
emerging as a renewable energy source, alternative to petro-
diesel. Several reports have demonstrated better perfor-
mance of the Jatropha biodiesel compared with the
conventional petro-diesel [1-3]. The short gestation period,
easy adaptation to different kinds of marginal and semi
marginal lands, drought endurance and avoidance by ani-
mals, make this plant species more attractive for cultivation
[4-7]. Inspite of best nutritional composition, seed cake
obtained from the toxic J. curcas remains unutilized as an
animal feed due to its toxic nature [8, 9] and no successful
attempts are made till now for completely eliminating toxic
principle [10]. Globally J. curcas is promoted for large
acreage cultivation in a big way for biodiesel production
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[11, 12]. Selective cultivation of non-toxic variety reported
from Mexico, whose innocuous nature was established
[7, 8, 13], will add value to the crop through utilization of
deoiled seed cake as a safe animal feed.

Cultivation of non-toxic variety of J. curcas could
provide oil for biodiesel and deoiled seed cake as a live
stock feed [9]. No significant morphological, qualitative
and quantitative differences are known between toxic and
non-toxic varieties except for the phorbol esters content in
the toxic variety [1, 8]. Development of any simple marker
will enable identification of non-toxic variety from toxic
variety, which will not only add to the quality control for
selective cultivation of non-toxic variety but also avoid any
toxic adulteration in the animal feeds. In our previous study
with multilocus marker systems RAPD and AFLP, we
found both the marker systems equally competent [14]. The
same marker systems have been selected for molecular
characterization, estimation of genetic diversity between
toxic and non-toxic varieties, possibility of distinguishing
non-toxic from toxic variety or vice versa and identifying
polymorphic microsatellite markers for both the varieties.
The identified polymorphic markers can be exploit for
genetic improvement of the species through breeding and
Marker Assisted Selection (MAS).

Materials and methods

Genomic DNA was extracted from six diverged toxic
J. curcas accessions including one toxic variety collected
from Mexico and a Mexican non-toxic variety. The
extraction was carried from fresh leaves as described by
Pamidiamarri et al. [14]. About 0.1 g of leaf tissue was
ground in liquid nitrogen and put in a 2 ml eppendorf tube.
To the ground sample 0.5 ml of extraction buffer
(2% CTAB, 100 mM Tris-HCI, 3.5 M NaCl, 20 mM
EDTA, 0.2 M f-Mercaptoethanol, 2% PVP, pH 8.0.) was
added and incubated at 65°C for 90 min. The above sample
was extracted with equal volume of Chloroform: Isoamyl
alcohol (24:1) and supernatant was transferred to a new
tube. The sample was treated with RNase and was
extracted with Tris saturated phenol. The supernatant was
further extracted with chloroform: Isoamyl alcohol (24:1)
twice, and precipitated with 80% ethanol. The pellet was
air dried and was dissolved in 100 pl of Milli Q water.
Amplification of RAPD fragments was performed
according to Williams et al. [15] using decamer arbitrary
primer (Operon Technologies Inc, USA; IDT, USA). The
reaction was carried out in a volume of 25 pl containing 10
mM Tris-HCI (pH 9.0), 50 mM KCl, 0.1% Triton X-100,
0.2 mM each dNTPs, 3.0 mM MgCl,, 0.4 uM primer, 25 ng
template, 1 unit Tag DNA polymerase (Biogene, USA).
Amplification was performed in a thermal cycler (master
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cycle, eppendorf, Germany) with program of initial dena-
turation at 94°C for 3 min, 42 cycles of denaturation at
94°C for 30 s, primer annealing at 32°C for 1 min,
extension at 72°C for 2.5 min, and final extension at 72°C
for 4 min. Amplified products were separated in 1.5% TBE
agarose gel. The gels were stained with ethidium bromide
and documented using gel documentation system (Syn-
gene, UK). Experiment with each primer was done three
times and those primers gave reproducible fingerprints
were considered for data analysis.

AFLP analysis system-II kit (Invitrogen Life Science
Ltd, USA) was used for AFLP fingerprinting [16]. The
genomic DNA (300 ng) was digested with EcoRI and Msel
at 37°C for 2 h and digested aliquot was ligated to EcoRI
and Msel specific adapters at 20°C for 3 h. The ligated
DNA was preamplified using EcoRI and Msel with one
selective nucleotide at 3’ of primer each. The pre-amplified
product was diluted 1:20 with sterile TE buffer. The diluted
product was amplified using primers with three selective
nucleotides for EcoRI primer and three selective nucleo-
tides for Msel primer at the 3’ end. PCR was performed
using 65°C as the initial annealing temperature for the first
cycle and for subsequent 11 cycles; the annealing tem-
perature was successively reduced by 0.7°C. Twenty-three
cycles were run at 56°C annealing temperature. To the
PCR product appropriate formamide dye was added and
subjected to electrophoretic separation on 6% denaturing
polyacrylamide gel in 1x TBE buffer in a sequencing gel
system (LKB, Sweden). The gels were stained with silver
nitrate using silver staining kit (Sigma, USA). Experiment
with each primer combination of EcoRI and Msel was done
three times and those primers which gave reproducible
fingerprints were considered for data analysis.

Microsatellite markers were amplified from toxic and
non-toxic J. curcas varieties in a volume of 25 pl con-
taining 10 mM Tris-HCI (pH 9.0), 50 mM KCI, 0.1%
Triton X-100, 0.2 mM each dNTP, 3.0 mM MgCl,, 0.4 uM
primer, 25 ng template, 1 unit Tag DNA polymerase
(Biogene,USA). Amplification was performed in a thermal
cycler (master cycle, eppendorf, Germany) with program
of initial denaturation at 94°C for 3 min, 35 cycles of
denaturation at 94°C for 30 s, primer annealing (Table 2)
for 30 s, extension at 72°C for 40 s, and final extension at
72°C for 4 min. To the PCR product appropriate form-
amide dye was added and subjected to electrophoretic
separation on 10% denaturing polyacrylamide gel in
1x TBE buffer in a sequencing gel system (LKB, Sweden).
The gels were stained with silver nitrate using silver
staining kit (Sigma, USA).

Acquired RAPD and AFLP finger prints were individ-
ually scored and statistically analyzed by assuming that
fragment size as a locus was considered as biallelic
(present = 1, absent = 0) and made the binary matrix.
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Only those loci amplified strongly in each instance with
reproducibility were scored and included in the analyses.
Genetic similarity was calculated according to F' = 2Nxy/
(Nx + Ny), where Nxy was the number of bands shared by
two species and Nx and Ny are the number for fragments in
each sample. Genetic distance was calculated by formula
P =1 — F. The percentage of polymorphism was calcu-
lated by using formula PP = total number of polymorphic
bands/total number of bands multiplied with 100. Percent-
age of Similarity was obtained by formula PS = 100 — PP.
The allele size of the each SSR markers were determined by
GeneTool analysis software (Syngene, UK).

Results

Totally 180 RAPD primers were screened and 52 primers
those resulted more than 6 scorable bands were selected for
further study. In AFLP analysis 64 selective primer com-
binations were tried and out of them 56 combinations
resulted with polymorphic bands between the toxic and
non-toxic varieties. For identification of specific markers
and to calculate the percentage of polymorphism and
genetic similarity between toxic and non-toxic varieties the
marker present only in non-toxic but not in toxic accessions
and the marker present in all the J. curcas toxic accessions
but not in non-toxic variety were taken. Out of total 371
RAPD and 1,442 AFLP markers analyzed 56 (15.09%)
RAPD and 238 (16.49%) AFLP markers were found to be
polymorphic. The percentage of similarity was 84.91 by
RAPD and 83.51 by AFLP fingerprinting. Genetic simi-
larity between toxic and non-toxic variety was found to be
0.92 by RAPD and 0.90 by AFLP fingerprinting tech-
niques. The results obtained by both these techniques are
comparable and showed the competitive validity of their
application in molecular characterization of J. curcas
varieties.

Out of 52 RAPD primers screened for identification of
selective markers between toxic and non-toxic varieties, no

Fig. 1 (a) RAPD profile with a
primer IDT E-18, (b) RAPD
profile with primer OPQ15,
(¢) RAPD profile with primer
OPO19;1-6: Toxic and 7:
Non-toxic variety of

J. curcas; M: 1 kb
marker(Biogene, USA)

polymorphic markers were observed between these two
varieties with 13 primers and remaining 39 primers resul-
ted in total 66 polymorphic markers. Primer OPO19 has
given highest (5) number of polymorphic markers specific
to toxic variety. The lowest number (1) of polymorphic
markers was observed with 13 primers IDT E-12, 18,
OPJ20, OPL1, OPN3, 8, 12, OPP1, 2, 15, OPQ7, 15 and 20.
Use of primer OPQ15 has resulted in one specific marker
each to toxic (approximately 810 bp) and non-toxic
(approximately 425 bp) variety. Primers IDT E-18, OPL14
resulted in one marker each of approximately 900 and
2,100 bp, respectively; whereas, OPR8 resulted in two
specific markers of approximately 1,450 and 700 bp
(Figs. 1, 2). In case of AFLP the primers E-ACC/M-CAC
combination resulted in maximum number of polymorphic
markers (3) each for toxic and non-toxic and minimum
marker (1) for non-toxic variety was recorded when
primers combination E-AAG/M-CTG was used. Promi-
nently amplified AFLP markers specific to toxic and non-
toxic variety and their molecular weights were recorded
(Table 1, Fig. 3). In this study 12 SSR markers (personal

Fig. 2 (a) RAPD profile with primer OPL14, (b) RAPD profile
with primer OPR8; 1-6: Toxic and 7: Non-toxic variety of J. curcas;
M: 1 kb Marker(Biogene, USA)
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Table 1 AFLP molecular
markers specific to non-toxic
and toxic variety of J. curcas

AFLP specific primer

set combination markers

Number of specific

Molecular weight of specific
marker to non-toxic
variety (bp)

Molecular weight of specific
marker to toxic
variety (bp)

E-AAC/M-CAA
E-AAC/M-CAC
E-AAC/M-CAG
E-AAC/M-CAT
E-AAC/M-CTC
E-AAC/M-CTG
E-AAC/M-CTT
E-ACC/M-CAA
E-ACC/M-CAC
E-ACC/M-CAG
E-ACC/M-CAT
E-ACC/M-CTA
EACC/M-CTC
E-ACC/M-CTG
E-ACC/M-CTT
E-AGC/M-CAA
E-AGC/M-CAC
E-AGC/M-CTA
E-AGC/M-CTC
E-AGC/M-CTG
E-AGC/M-CTT

W N WD D = = = WL = D= N = W

882, 446 957

1054 Nil

Nil 559, 85

Nil 575

Nil 584, 259

59 Nil

678, 98 484

529, 275 916, 373, 279
1533, 553, 521 1067, 593, 323
98 1435, 1247, 911, 567
1427 Nil

602 Nil

624, 529, 394 516

1612 Nil

1341, 1047, 623, 496, 172 Nil

926, 441, Nil

665, 624, 150, 251 251

64 133

293, 91 228

633 590

1110 502, 213

communication) were analyzed (Table 2) to find out their
size polymorphism among non-toxic and toxic varieties.
Miss-amplifications were minimized by gradient PCR and
optimized the annealing temperature (Table 2). The poly-
morphic nature of SSR markers were characterized for
toxic and non-toxic varieties. The results showed that out
of 12 makers tested, 7 (jems21, jcds24, jems30, jcps20,
jeps21, jeps6, jeps3) found to be size polymorphic. Among
the seven markers, jems21 showed homozygous allele in
the toxic variety. The markers, jems30, jeps21, jcps3 and
jeps20 showed at least one allele of same size repeats
common in both non-toxic and toxic varieties. The highest
size allele polymorphism was found with jcds24, followed
by jems30 and jcps6 (Fig. 4, Table 2).

Discussion

Jatropha curcas, a multipurpose shrub, has acquired high
agro-industrial significance globally because of its seed oil
which is a potential source of biodiesel and also for its
beneficial by-products [3-6]. The seed cake remaining after
oil extraction is toxic and owing to the presence of different
toxic substances in seeds, oil and deoiled cake are not
suitable for animal consumption [9] and cannot be used as
fodder/feed despite having best protein composition and
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favorable amino acid profile [17]. Short gestation period,
easy adaptation to different kinds of marginal and semi
marginal lands, drought endurance and avoidance by
animals, made the species more attractive for cultivation
[4-7]. Though various processing techniques have been
attempted to detoxify, no treatment has been successful in
completely eliminating the toxic principles of defatted
kernel meal [10]. In addition to common toxic cultivar, a
non-toxic J. curcas has been reported from Mexico whose
innocuous nature was established [7, 8, 13]. However, no
qualitative and quantitative differences were reported
between these two cultivars. Development of any simple
marker will enable identification of non-toxic variety from
toxic variety which will not only add the quality control for
selective cultivation of non-toxic variety, but also avoid
any toxic adulteration in the animal feeds.

In the present study a non-toxic Mexican variety was
compared with five accessions of J. curcas collected from
different geographical regions of India and one Mexican
toxic variety using RAPD and AFLP technique and identi-
fied markers specific to non-toxic and toxic varieties.
Sujatha et al. [12] reported 94.6% of similarity between
toxic and non-toxic varieties using RAPD fingerprinting
whereas, in the present study the percentage of similarity
was 84.91 by RAPD and 83.59 by AFLP fingerprinting.
Using the RAPD primers IDT E-18, OPL14 and AFLP
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selective primer combination E-ACC/M-CAC resulted in
polymorphic markers for both toxic and non-toxic varieties
can be used for identification. Though the marker related
studies for toxic J. curcas has been reported using ISSR
[18]; in the present study markers were identified specific
to both toxic and non-toxic varieties using RAPD and
AFLP fingerprinting which have better application in
molecular breeding studies.

From the last one decade microsatellites have become
one of the most popular molecular markers utilized in
different fields. High polymorphism and the relative ease of
scoring represent the two major features that make
microsatellites of large interest for many genetic studies.
Soon after their first description [19-21] SSRs were being
widely employed in many fields because of their high
variability which made them very powerful genetic

a b ¢ d e f
1212121212121

g h I j k 1
21 2 M

Fig. 3 1-Non-toxic variety of J. curcas, 2-Toxic variety of J. curcas.
(a—x) Selective amplification with AFLP primers. (a) E-AAC/M-
CAA; (b) E-AAC/M-CAC; (¢) E-AAC/M-CAG; (d) E-AAC/M-CAT;
(e) E-AAC/M-CTA; (f) E-AAC/M-CTC; (g) E-AAC/M-CTG; (h) E-
AAC/M-CTT; (i) E-ACC/M-CAA; (j) E-ACC/M-CAC; (k) E-ACC/

121212121212 1212M1212121212121212M

markers. Microsatellites have proven to be an extremely
valuable tool for genome mapping in many organisms
[22, 23]. In the present study, 12 markers isolated [personal
communication] (Table 2) showed average length of the
microsatellites between 75 and 250 bps which is similar to
results reported in other species [24]. Among 12 markers
analyzed, seven markers found polymorphic, which implies
the high polymorphism of microsatellites between two
varieties and their applicability in MAS and QTL analysis
studies.

This is the first report on molecular characterization of
non-toxic and toxic J. curcas using both multilocus and
single locus maker systems. The specific markers generated
using RAPD and AFLP fingerprinting will help to distin-
guish non-toxic from toxic varieties of J. curcas or vice
versa and markers of RAPD and AFLP together with the

n o p q r s t u v w X

M-CAG; (1) E-ACC/M-CAT; (m) E-ACC/M-CTA; (n) E-ACC/M-
CTC; (0) E-ACC/M-CTG; (p) E-ACC/M-CTT; (q) E-AGC/M-CAA;
(r) E-AGC/M-CAC; (s) E-AGC/M-CAG; (t) E-AGC/M-CAT; (u)
E-AGC/M-CTA; (v) E-AGC/M-CTC; (w) E-AGC/M-CTG; (x)
E-AGC/M-CTT)
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jcms21 jeds24
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-
jcps 6 jcps20
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jcps3

Fig. 4 Size polymorphism SSRs in toxic (T) and non-toxic (NT) variety of J. curcas (jems21, jcds24, jdms30, jeps21, jeps6, jeps20 and jeps3)

polymorphic SSR markers can be exploited in Marker
Assisted Selection (MAS) QTL analysis and for other
molecular breeding studies.
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