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Biodiesel, produced from plant oil, has emerged as an attractive renewable energy source.
Physic nut (Jatropha curcas L.) has gained widespread attention from both biodiesel producers
and the research community due to its advantages of high biodiesel production, rapid growth,
tolerance and convenient propagation. The current study used interspecific hybridization between
J. curcas and Jatropha species and good performance hybrids DNA to study the relationship.

Keywords: Standardized DNA in the organism was used for DNA sequencing of the good performance hybrids

DNA sequencing, as well as other Jatropha species. Sequencing was performed at four gene regions of the rbcL and
Interspecific hybridization,

Jatropha curcas

trnH—psbA intergenic spacers in the plastid genome and the internal transcribed spacer of ¥DNA and
stearoyl-acyl carrier protein desaturase (SAD) in the nuclear genome. Alignment of the SAD gene
sequence showed high polymorphism among the five Jatropha species and hybrids. Phylogenetic
trees based on the nucleotide sequences of regions could show that J. integerrima was closely

related to J. curcas better than either gene.

Introduction

Biodiesel is a fast-developing alternative fuel in many countries
around the world and is produced from biological processes using
oil extracted from various organisms such as algae, fungi and
plants (Nigam and Singh, 2011). Biofuel production from vegetable
oils has been suggested as one of the possible ways to reduce
greenhouse gas emissions that cause global warming which has
a negative environmental effect (Nigam and Singh, 2011). Jatropha
curcas L is one of the most popular of the Jatropha species for
biodiesel production; however, usage of biodiesel from J. curcas is
still relatively limited, largely due to the lack of genetic diversity
within the species that can breed for agronomic traits, such as
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increased yield and tolerance to stresses (Asseleih et al., 1989).
Hence, genetic improvement using interspecific hybridization can be
applied to broaden its genetic variation and to transfer desirable traits
from one species to another (Prabakaran and Sujatha, 1999). Five
species of genus Jatropha, belonging to the family Euphorbiaceae,
are commonly found in Thailand: J. curcas L., J. multifida L.,
J. podagrica Hook, J. gossypifolia L. and J. integerrima Jacq. And each
species has special traits (Asseleih et al., 1989). J. curcas or physic nut
is a multipurpose semi-evergreen large shrub or small tree, which is
widely distributed in the wild or semi-cultivated areas in Central and
South America, Africa, India and South East Asia (Asseleih et al.,
1989; Asif et al., 2010). J. curcas has gained attention because of its
high oil content (30-50% overall, 45-60% in the kernel), hardiness,
easy propagation, drought tolerance, rapid growth and adaptation to
wide agro-climate conditions (Jones and Miller, 1992). J. multifida
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is a shrub 2-3 m high that is smaller than J. curcas, having big fruit,
non-dehiscent capsules and a high quantity of oil (Chopra et al., 1965).
It originated in the region from Mexico to Brazil (Soontornchainaksaeng
and Jenjittikul, 2003. J. podagrica is a multipurpose evergreen shrub
that is good at adapting to drought and is commonly found in Africa,
Asia and Latin America (Aiyelaagbe et al., 2007). J. gossypifolia is
a bushy shrub about 1.8 m high, with abundant fruit, easy propagation,
a short gestation period and drought tolerance (Oduola et al., 2005).
J. integerrima is one of the most important ornamental species and is
claimed to connect the genera Jatropha and Ricinus (Sujatha, 1996;
Sujatha et al., 2005). Seeds of J. integerrima have a high quantity
of linoleic acid (Rao and Lakshminarayana, 1987). The Jatropha
genome is approximately 416 Mbp, and chromosome numbers are
22 chromosomes with a base number of x = 11 (Soontornchainaksaeng
and Jenjittikul, 2003). J. curcas is a cross-pollinated crop that can
cross with closely related species to produce Jatropha hybrids with
good performance (Parthiban et al., 2009).

Specific gene sequencing is a form of molecular technology for
identification that uses short standardized DNA within the genome
regions to identify plant species (Chen et al., 2014). The standardized
DNA regions, used for nucleotide sequencing, should be about
500-800 bp in length, capable of amplification using universal
primers and have sufficient nucleotide polymorphism to distinguish
among different species. In the current study, DNA sequencing at
four gene regions was performed: the ribulose-1,5-bisphosphate
carboxylase large subunit (rbcL) and trnH—psbA intergenic spacer
in the plastid genome and the internal transcribed spacer (ITS)
of rDNA and stearoyl-acyl carrier protein (ACP) desaturase (SAD)
in the nuclear genome. The rbcL subunit is suitable for inference
of phylogenetic relationships at higher taxonomic levels because of
its slow rate of evolution compared to nuclear genes, but it has a fast
rate of evolution in annual angiosperms (Wolfe et al., 1987; Chase
et al., 1993). The #rnH-psbhA gene consists of #7nH codes for tRNAM
(GUG) and psbA codes for the 32 kD herbicide-binding protein
component of the thylakoid membrane (Ulmasov et al., 1990) which
has been successfully used to identify species (Kress et al., 2005;
Shaw et al., 2007; Newmaster et al., 2008; Yao et al., 2010). This
trnH—psbA intergenic spacer region can be easily amplified using
universal primers, and insertions/deletions (indels) are common and
lead to various lengths among different plant groups. Therefore,
the trnH—psbA intergenic spacer region has a high percentage of
nucleotide differences and inversions (Kress et al., 2005; Shaw
etal., 2007). The eukaryotic ribosomal DNA (rDNA) gene consists of a
small-subunit (18S), 5.8S, and a large-subunit (28S) that are separated
by internal transcribed spacer (ITS) regions (Coleman and Mai,
1997). The sequence variation of ITS regions has led to phylogenetic
studies of many different organisms (White et al., 1990). SAD is
an important enzyme of fatty acid biosynthesis in higher plants
(Tong et al., 2006), that catalyzes the desaturation of stearoyl-ACP
to oleoyl-ACP. SAD plays a key role in determining the ratio of
saturated fatty acids to unsaturated fatty acids in plants. Information
from GenBank indicates that the SAD gene contains three exons and
two introns. The current study investigated specific gene sequences
of five Jatropha species and the good performance hybrids derived

from interspecific hybridization and phylogenetic tree construction
based on all gene sequences for specific identification and genetic
relationship analysis among Jatropha species and hybrids.

Materials and Methods

Plant materials

Five Jatropha species (J. curcas, J. multifida, J. podagrica,
J. gossypifolia and J. integerrima) were collected from five locations
of Thailand—Ban Paew (BP), Samut Sakhon province; Pakchong (PC),
Nakhon Ratchasima province; Klongsamwa (KS), Bangkok; Muang,
Chachoengsao (CS) province; and Lamlukka (LK), Pathum Thani province.
Four J. curcas samples were used: two toxic varieties—KUBP78-9
and Prayapichai (dwarf plant types) —and two non-toxic varieties
(very low levels of toxic phorbal ester)—Suksan and MS. Three samples
of each species of J. multifida, J. podagrica and J. gossypifolia were
collected from three locations. Four J. integerrima samples were
collected—four varieties of red flower and smooth edge narrow
leaf (R-S), red flower and round leaf with a smooth edge (R-R),
red flower and three-loped leaf (R-3L) and pink flower (P). Five good
performance hybrids (KUBP201-202, KUBP209-211) were obtained
from the Jatropha Improvement Project under the Kasetsart University
Biodiesel Project (KUBP) using interspecific hybridization. All 22
samples are shown in Fig.1 and Table 1.

DNA extraction

Genomic DNA was extracted from leaves using the modified cetyl-
trimethylammonium bromide (CTAB) procedure (Doyle and Doyle,
1990). The quality of genomic DNA was analyzed in 1% agarose gel
and the concentration was measured using spectrophotometry. Total

genomic DNA samples were stored at 4°C.

Fig. 1 Jatropha species: (A) J. curcas; (B) J. gossypifolia; (C) J. multifida;
(D) J. podagrica; (E) J. integerrima, J. curcas: (F) KUBP78-9 (toxic);
(G) Suksan (non-toxic); (H) M5 (non-toxic); (I) Prayapichai (toxic/dwarf);
and good performance hybrids: (J) KUBP201; (K) KUBP202; (L) KUBP209;
(M) KUBP210; (N) KUBP211.
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Table 1 Characteristic of samples and sampling location

Sample Characteristic Pedigree Location
J. curcas (JC)
1. KUBP78-9 toxic and high yield BP
seed yield 1,178.75 kg/ ha
100 seed weight 69.1 g
49.12% oil in kernel
2. Prayapichai toxic and dwarf plant type BP
3. M5 high yield and non-toxic BP
4. Suksan high yield and non-toxic BP
5.-7. J. multifida BP/PC/KS
8.-10. J. podagrica BP/PC/CS
11.-13. J. gossypifolia BP/PC/LK
- red flower and smooth edge narrow leaf (R-S)
14-17. J. integerrima - red flower and round leaf with a smooth edge (R-R) BP
- red flower and three-loped leaf (R-3L)
- pink flower (P)
JC (toxic154) x JI (R-S)
thick leaf and resistance F ,lS BP
18. KUBP201 o
50.08% oil in kernel 267 (OPF,S))l(
KUBP201 (OP267)
19. KUBP202 big fruit and high yield JC (non-toxic) x JI (R-S)
seed yield 310.3 kg/rai F,137 >1< JC (non-toxic)
100 seed weight 78.0 g BC,235 x BP
51.35% oil in kernel KUBP202 (OPBC,235)
phorbol ester 0.64 mg/g
20. KUBP209 high yield JC (non-toxic) x JI (R-S)
seed yield 278.7 kg/rai F,137 x JC (toxic-Nakhon Ratchasima)
100 seed weight 60.5 g BC,202 BP
54.20% oil in kernel 494 (OPBC,202) x toxic-KUBP78-9
KUBP209
21. KUBP210 high yield JC (non-toxic) ¥ JI (R-S)
seed yield 252.3 kg/rai F,137 x JC (toxic-Nakhon Ratchasima)
100 seed weight 69.1 g BC,202 x JC (toxic-Mookdahan 10kr) BP
58.79% oil in kernel BC,561
phorbol ester 1.39 mg/g KUBP210 (OPBC,561)
22. KUBP211 high yield JC (non-toxic) ¥ JI(R-S)
seed yield 202.2 kg/rai F,137 x JC (toxic-Nakhon Ratchasima)
100 seed weight 65.2 g BC,202 BP
52.06% oil in kernel 313 (OPBC,202) x toxic-KUBP78-9
KUBP211
BP =Ban Paew; PK = Pak Chong; KS = Klongsamwa; CS = Chachoengsao; LK= Lam Luk Ka
Primer design PCR amplification

Primers used for the rbcL, trnH—psbA genes and for the ITS
of rDNA were obtained from previous reports (Table 2). The SAD
primers were designed from alignment of J. curcas complete genome
and the SAD gene of J. curcas available in GenBank. The first SAD
primer pair was designed at 5" UTR before the SAD start codon and
at 3' UTR after the stop codon. After sequencing, all sequences from
all Jatropha species were aligned and used to design the next primer
pair for polymerase chain reaction (PCR) amplification of all Jatropha
species. In total, six primer pairs were designed to obtain the complete
SAD gene sequence (Table 2). All designed primers were checked for
suitability using the Fast PCR 6.5.5 program (Helsinki, Finland).

Each PCR amplification reaction was in a total volume of 25 pl
containing 100 ng of genomic DNA, 5X Phusion buffer (rbcL, trnH-
psbA and SAD = 5X Phusion HF buffer, ITS of rDNA = 5X Phusion
GC buffer), 0.2 mM of dNTPs (Thermo Scientific; Waltham, MA,
USA), 5 pmol of each primer and 2 U of Phusion DNA polymerase
(Thermo Scientific; Waltham, MA, USA). The primer sequences
are shown in Table 2. The thermal cycle consisted of an initial
denaturation of 94°C for 1 min, followed by 35 cycles of 94°C for 30's,
52.0-56.5°C for 45 s and 72°C for 1 min and then a final elongation of
72°C 10 min. The PCR products were stored at 4°C for analysis.
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Table 2 Primer sequences for polymerase chain reaction amplification at four gene regions of rbcL, trnH-psbA, ITS of rDNA and SAD in Jatropha species and hybrids

Primer Nucleotide sequence (5’ — 3') DNA size (~bp) Annealing temperature (°C) Reference
rbcLa F: ATGTCACCACAAACA 600 56.5 Levin et al. (2003);
GAGACTAAAGC Soltis et al. (1992);

R: GTAAAATCAAGTCCACCRCG Kress and Erickson (2007); Fofana et al. (1997)
trnH2 F: CGCGCATGGTGGATT 600 56.5 Tate and Simpson (2003);
psbAF CACAATCC Sang et al. (1997)

R: GTTATGCATGAACGT

AATGCTC

ITS-F F: TCGCTCCTACCGATTGAATG 900 56.5 Songpanich and Hongtrakul (2010); White
ITS4-R R: TCCTCCGCTTATTGATATGC et al. (1990)
SADI1 F: TGTAGCTTAATTTTGATTCC 769 56.5

R: CTAACAATAGACTAACGAC
SAD2 F: TTTGTCAGTTATTCATGTCGG 1,051 52.0

R: GGTATACACATTAATAGAGGG
SAD3 F: TGATGGATGGGTTTAAATGC 723 56.5

R: AGATACATCAACCATGTTCC
SAD4 F: TGGCAGTTGGTTGAGTTTGG 755 56.5

R: CTTCATGTCCACTCTTCCAG
SADS F: GTTGTGCTGGTTGGAGATATG 1,105 56.5

R: TCAATCTCAAAGAGCTTCTCC
SAD6 F: GGCAACATTCATCTCCCATG 693 56.5

=

: GCACACCTATTTCGGTCTAAC

ITS = internal transcribed spacer; SAD = stearoyl-acyl carrier protein desaturase gene.

DNA sequencing and analysis

The PCR products were purified using a FavorPrep™ Gel/PCR
Purification Mini Kit (Favorgen; Ping-Tung, Taiwan) and were sent to
1** BASE (Seri Kembangan, Selangor, Malaysia) for sequencing using
the forward primers in Table 2. Sequence comparisons of all samples
were performed using the ClustalW alignment in biological sequence
alignment editor (BioEdit) program (Hall, 1999) for cutting the early
and end regions of the sequences. DNA sequence data were also
analyzed using the maximum likelihood method and a phylogenetic
tree was constructed using the MEGA 5.0 software (Tamura et al.,
2011).

Results and Discussion
Nucleotide sequence analysis of rbcL

The rbcL sequence of 543 bp was amplified from Jatropha species
and hybrids. The obtained sequences were submitted to GenBank
(J. curcas, MH229901; J. multifida, MH229902; J. podagrica,
MH229903; J. gossypifolia, MH229904; J. integerrima, MH229905).
The rbcL sequences of J. multifida, J. podagrica and J. gossypifolia
differed from the sequences of J. curcas, J. integerrima and hybrids by
two base substitutions (one transition and one transversion) as shown
in Table 3. All 22 sequences of Jatropha species and good performance
hybrids were aligned, and a phylogenetic tree was constructed (Fig. 2).
Phylogenetic analysis of rbcL sequences demonstrated the similarity
between the Jatropha species and hybrids. The rbcL sequence was

reported to be not variable enough in some plants for separating some
species in the same genus (Lahaye et al., 2008). With hybridization
between closely related species, a moderately conserved gene like
rbcL is likely to have little or no variation (Chase et al., 1993).

Nucleotide sequence analysis of trnH-psbA intergenic spacer

The trnH-psbA intergenic spacer is the best plastid option for
sequencing that has good priming sites, length and interspecific
variation (Kress et al., 2005). The trnH—psbA intergenic spacer
region is located between the #7nH and psbA genes and has high
polymorphism that is more suitable for species identification than
rbecL (Kress et al., 2009). The frnH-psbA intergenic spacer sequences
were submitted to GenBank (J. curcas, MH229906; J. multifida,
MH229907; J. podagrica, MH229908; J. gossypifolia, MH229909;
J. integerrima (R-S), MH229910; J. integerrima (R-R), MH229911;
J. integerrima (R-3L), MH229912; J. integerrima (P), MH229913).
All 22 sequences of Jatropha species and good performance hybrids
were aligned, and a phylogenetic tree was constructed (Fig. 2).
The number of nucleotides and nucleotide substitutions of trnH-psbA
sequences are shown in Table 3 with 144 positions of indels found.
The trnH—psbA intergenic spacer sequences could clearly classify
the five Jatropha species. The phylogenetic tree based on t#rnH-psbA
sequences demonstrated five groups of Jatropha species and separated
J. integerrima into two groups (R-S/R-3L and R-R/P) but could not
separate hybrids from J. curcas (Fig. 2).
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Nucleotide sequence analysis of internal transcribed spacer of rDNA

The nuclear ribosomal ITS region is used extensively in
phylogenetic analysis and can successfully discriminate species as it
provides the highest resolving power for discriminating closely related
species of Fungi (Schoch et al., 2012). It exists in multi-copies and
exhibits high levels of within-species sequence differentiation and as
such ITS1 was earlier suggested as a region for the identification of
flowering plants (Kress et al., 2005). This gene inhabits the nucleus, so
hybrids could receive all alleles from parents carrying more than one
allele. The ITS1-ITS2 of rDNA sequences were submitted to GenBank
(J. curcas, toxic KUBP78-9: MH229886; J. curcas, non-toxic
M5-al & a2: MH229887-MH229888, J. curcas, non-toxic Suksan:
MH229889; J. multifida: MH229890; J. podagrica: MH229891;
J. gossypifolia: MH229892; J. integerrima: MH229893; KUBP202:
MH229894-MH229895; KUBP210: MH229896; KUBP201-al &
a2: MH229897-MH229898; KUBP209: MH229899; KUBP211:
MH229900). All 22 sequences of the Jatropha species and good
performance hybrids were aligned, and a phylogenetic tree was
constructed (Fig. 2). Two alleles (al& a2) were found in non-toxic
J. curcas M5 and resistant KUBP201 (Fig. 3). The ITS of rDNA
could be used to distinguish toxic J. curcas from non-toxic J. curcas.
Following the alignment of ITS sequences of all 22 Jatropha species
and hybrids, 22 positions of indels were observed. The number of
nucleotide polymorphisms is shown in Table 3. The phylogenic
tree based on ITS of ¥DNA sequences differentiated each species of
Jatropha into five groups and within J. curcas into two groups (Fig. 2).

Nucleotide sequence analysis of stearoyl-acyl carrier protein desaturase

The stearoyl-ACP desaturase (SAD) enzyme converts stearoyl
(18:0)-ACP to oleoyl (18:1)-ACP in the unsaturated fatty acid
synthesis of plants and plays a role in the regulation of fatty acid
composition of seed oil plants (Harwood, 1988).The SAD gene has
high divergence especially at the intron region and can be used to
study the genetic relationship (Table 4). The SAD gene consists of
three exons and two introns. Six specific primer pairs were developed
and used to PCR amplify the S4D gene sequence from the start to
stop codons. The length of each partial gene sequence was variable
in each Jatropha species. The CAP3 program was used to combine
the six overlapping gene sequences. The complete SAD sequences
were submitted to GenBank (J. curcas, non-toxic M5: MH234457;
J. curcas, non-toxic Suksan: MH234458; KUBP211: MH234459;
J. multifida: MH234460; J. podagrica: MH234461; J. gossypifolia:
MH234462; J. integerrima (R-S): MH234463; J. integerrima (R-R):
MH234464; J. integerrima (R-3L): MH234465; J. integerrima (P):
MH234466, toxic KUBP78-9: MH250055; J. curcas, toxic Prayapichai:
MH250056; KUBP209: MH250057; KUBP202-al & a2: MH250058—
MH250061; KUBP210: MH250062; KUBP201-al & a2: MH250063—
MH250064). The number of polymorphisms in the S4D gene sequence
is shown in Table 3 and Table 4. Two alleles were found in the hybrids
KUBP202 and KUBP201. High variation in the number of nucleotides
in intron 1 and intron 2, (shown as indels and nucleotide substitutions)
was found more in exon 1 than in exon 2. The phylogenetic tree based
on the complete SAD gene sequences could classify species of the
genus Jatropha, toxic and non-toxic J. curcas, hybrids and the four
varieties of J. integerrima (Fig. 2).

Table 3 Number of nucleotides and nucleotide substitutions of four gene regions in Jatropha species and hybrids

Number of nucleotides (bp)

Number of nucleotide substitutions** (bp)

Sample rbel (rnH-psbA ITS* SAD rbel (rnH _psbA ITS* SAD

J. curcas
KUBP78-9 (toxic) 543 660 802 3,872 - - - -
Prayapichai (toxic) 543 660 802 3,872 - - - -
MS (non-toxic) 543 660 802 3,872 - - 1 13
Suksan (non-toxic) 543 660 802 3,872 - - 1 13

J. multifida 543 668 779 3,796 2 49 154 189

J. podagrica 543 668 794 3,805 2 50 48 189

J. gossypifolia 543 686 803 3,846 2 101 33 191

J. integerrima
R-S 543 718 801 3,877 - 12 27 109
R-R 543 718 801 3,859 - 27 27 121
R-3L 543 718 801 3,876 - 12 27 106
P 543 718 801 3,876 - 27 27 105

Hybrids
KUBP202 543 660 802 3,872 - - - 151(al)/1(a2)
KUBP210 543 660 802 3,872 - - 1 1
KUBP209 543 660 802 3,872 - - - 1
KUBP211 543 660 802 3,872 - - - 1
KUBP201 543 660 802 3,872 - - 1 151(al)/1(a2)

ITS = internal transcribed spacer; SAD = stearoyl-acyl carrier protein desaturase gene.

*ITS of rDNA **number of nucleotide substitutions compared to KUBP78-9 (high yield J. curcas obtained from selection under the KU Biodiesel Project (KUBP)
before the improvement project by interspecific hybridization).
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Fig. 3 Position 256 of internal transcribed spacer of »DNA indicating different nucleotide within J. curcas, where the red box indicates the two peaks (alleles)

in M5 and KUBP201 compared to the one peak in 78-9 and Suksan.

Table 4 Number of nucleotides and nucleotide substitutions in stearoyl-acyl carrier protein desaturase gene regions of Jatropha species and hybrids

Number of nucleotides/nucleotide substitutions*

Sample

Exonl Intronl Exon2 Intron2 Exon3 Total

KUBP78-9 and Prayapichai (toxic) 122/ - 2,037 /- 505/ - 647/ - 561 /- 3,872 /-
MS5 and Suksan (non-toxic) 122 /- 2,037/8 505/ - 647/ - 561/5 3,872/ 13
J. multifida 122 /- 2,048 /137 505/12 560 /27 561/13 3,796 / 189
J. podagrica 122 /- 2,031/135 505/10 586/31 561/13 3,805/ 189
J. gossypifolia 122/- 2,013/150 505/8 645/21 561/12 3,846/ 191
J. integerrima (R-S) 122 /4 2,040/ 67 505/4 649 /22 561/12 3,877/ 109
J. integerrima (R-R) 122 /4 2,022/77 505/4 649 /25 561/ 11 3,859/ 121
J. integerrima (R-3L) 122/4 2,040/ 71 505/4 648 /17 561/10 3,876/ 106
J. integerrima (P) 122 /4 2,040/ 67 505/4 648 /19 561/ 11 3,876 /105
KUBP201/202-al 122 /- 2,037/ 151 505/ - 647/ - 561/ - 3,872/ 151
KUBP201/202-a2 122 /- 2,037/1 505/ - 647/ - 561 /- 3,872/ 1
KUBP209/210/211 122 /- 2,037/ 1 505/ - 647/ - 561 /- 3,872/ 1

*Number of nucleotide substitutions compared to KUBP78-9.

Genetic relationship of genus Jatropha

The genetic relationships among the Jatropha species and good
performance hybrids were developed based on the combined four
gene regions of 7bcL, the trnH—psbA intergenic spacer, ITS of rDNA
and SA4D using the maximum likelihood procedure. The phylogenetic
tree could classify all the Jatropha species, toxic and non-toxic
J. curcas and the selected hybrids better than using a single gene
sequence information (Fig. 4).

Considering the four gene sequences studied, the ability to
use gene sequences for species discrimination was best based on
the SAD sequences, followed by the ITS of rDNA, trnH-psbA
and rbcL, respectively. Both rbcL and trnH—psbA in the plastid

genome performed well in terms of sequence quality but had low
discriminatory power; whereas the ITS of rDNA and SAD in the
nuclear genome exhibited good discriminatory power. The rbcL
region had the lowest polymorphisms, with only two substitutions in
543 bp DNA sequences. The rates of substitution by codon position
deviate slightly for chloroplast DNA gene sequences (Ritland and
Clegg, 1987). The trnH-psbA demonstrated good amplification,
a high rate of polymorphism and multiple indels and high levels of
species discrimination that were capable of classifying all 5 Jatropha
species (Fig. 2). Among plastid regions, trnH-psbA is an efficient
characterized gene due to substantial species-level genetic variability
and divergence (Blaxter and Floyd, 2003). The rbcL and trnH-psbA
genes are in the chloroplast genome that receives genetic material
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38/ KUBP210
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99 1. integerrima_P

J. gossypifolia-BP/PC/LK

4‘—‘; J. multifida-BP/PC/KS
100 J. podagrica-BP/PC/CS

0.005

Fig. 4 Phylogenetic tree of 22 samples of Jatropha species and hybrids based
on maximum-likelihood analysis of combined four regions of rbcL, trnH-psbA,
internal transcribed spacer of YDNA and stearoyl-acyl carrier protein desaturase
gene sequences. (a = allele)

via maternal inheritance. Therefore, they could separate Jatropha
species, but could not classify hybrids from back crossing. However,
prior reports demonstrated that both rbcL (Kellogg and Juliano,
1997) and trnH—psbA (Cowan et al., 2006) had significantly lower
levels of genetic divergence within species than between species.
By comparison, the ITS of »DNA had much higher divergence
than any of the plastid regions, and rbcL was by far the lowest in
divergence (Kress et al., 2005). The presence of multiple alleles of
the ITS of »DNA help the variation of polymorphism to be fast and
efficient (Newmaster et al., 2008). The SAD gene was appropriate for
discrimination among the five Jatropha species and hybrids because
of the large gene region and high genetic diversity in introns. It was
found the 2-allele pattern was the same as the ITS of »DNA that could
discriminate among the five Jatropha species, toxic and non-toxic
J.curcas, some hybrids and all varieties of J. integerrima. The nuclear
inheritance of the ITS of »DNA and SAD regions may have been
a contributing factor due to its increased resolving potency compared
to the maternally inherited plastid DNA of rbcL and trnH-—psbA
(Hollingsworth, 2011). The benefits from using nuclear DNA will
improve the ability to distinguish among plant species. However,
the various combinations of specific genes were all more efficient at
differentiating between species than either gene individually (Kress
and Erickson, 2007). The phylogenetic tree based on four gene regions
confirmed J. integerrima has a close relationship with J. curcas,
followed by J. gossypifolia, J. multifida and J. podagrica (Fig. 4).
The intergenic hybridization of J. curcas and J. integerrima provides
a high opportunity to successfully obtain more hybrids than with other
species. According to Prabakaran and Sujatha (1999), the breeding of
J. curcas L. and J. gossypifolia L. involved high incompatibility in

metaphase [ and anaphase of meiosis. The current study analyzed gene
sequencing and the results implied genetic evolution in the Jatropha
species. The information can be applied and used as background
information for genetic improvement in Jatropha species and for the
production of future desirable hybrids. Moreover, the gene sequence
can be used for species-specific identification and hybrid detection.
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