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Abstract 

Jatropha curcas L. (Jatropha) produces seed oil, a potential source for biodiesel production. 
Seed yield of Jatropha is an important factor for biodiesel production, despite few flower 
number productions leading to low seed yield production. This study attempted to identify 
floral transcription factor genes using bioinformatics approach, which have potentials in 
controlling Jatropha flowering process, and to investigated the effect of Benzyladenine (BA; 
160 mg/L) on those genes (UNUSUAL FLORAL ORGANS (UFO), SEPALATA 3 (SEP3) and 
WUSCHEL (WUS)). The expressions of these transcription factor genes were quantified using 
degenerated primers obtained from phylogenic tree analysis. It was found that BA induced 
high expression of UFO, SEP3 and WUS1 in flowers bud before blooming period (day 10 
after treated). On the other hand, the genes were expressed lower than the control on days 14 
and 20. The results suggested that degenerated primers can be used for further floral 
transcription factor genes expression analysis and BA can alter the expressions of the floral 
transcription factors.  
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Introduction 

Jatropha curcas L. (hereafter referred to as Jatropha) is a member of Euphobiaceae family 
which originated in Central America. Jatropha seed contain is about 30-40% which can be 
used for biodiesel production (Kandpal and Madan, 1995; Fairless, 2007). Jatropha oil has 
been recognized as the suitable oil for biodiesel production (Raju and Ezradanam, 2002). 
However, seed yield of Jatropha is low, and as a result, it has low yield of biodiesel product 
(Sanderson, 2009).  

Jatropha is a monoecious that produce male and female flower in the same of inflorescence 
(Haeller 1996; Liu et al., 2008). Generally, Jatropha produced female per male flower in the 
ratio of 1:22-27 (Alam et al., 2011). A plant growth regulator such as cytokinin, are well 
known in terms of floral sex determination regulator, depending on the plant species 
(Khryanin, 2002; Xiong et al., 2009). Benzyladenin (BA) is one of a cytokinin hormone 
which Bang-Zhen and Zeng-Fu (2011) reported that, treatment of Jatropha flowers with 160 
mg/L of BA resulted in significantly increased the number of female flower (female: male 
ratio = 1:4) after compared with control (female: male ratio = 1:13.4). 

Flower development is initiated when the plant meristem changes its identity from vegetative 
phase to reproductive phase (Diggle et al., 2011). There are many transcription factor related 
to floral organs development, UNUSUAL FLORAL ORGAN (UFO) and WUSCHEL 
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(WUS), which are required for floral organ identity genes expression. Moreover, WUS are 
up-regulated after treated with cytokinins. In addition, SEPALATA 3 (SEP3) is also required 
for floral organ identity genes activation, thereby promoting the conversion from 
inflorescence to floral meristem (Diggle et al., 2011; Zik and Irish, 2003; Veit, 2009; 
Wellmer, 2006). This study attempted to identify the floral transcription factors involved in 
Jatropha flower formation using bioinformatics approach and observe the effect of BA on the 
expression of their genes. 

Methodology 

Chemicals treating and sample collection 
Four years old Jatropha trees were used as models for this experiment. The Jatropha trial 
field of Mae Fah Luang University is locate in Mae Lao district, Chiang Rai, Thailand 
(19o46’43.5”N 99o41’24.9”E). The experiment was separated in to four blocks, two 
treatments (160 mg/L of BA and RO water) for each block, and 15 trees per treatment. Each 
plant was sprayed with 2 L of the chemicals. The inflorescence sizes, and the numbers of 
male and female flowers were recorded during the experiment (from April to August, 2014). 
The Jatropha floral meristems and flowers were collected daily for 40 days; the samples were 
kept at -20oC until use. 

Total RNA extraction and first strand cDNA synthesis 
The Jatropha flower samples were collected for total RNA extraction at three differences 
stages including days 10: flowers that had no sex organ differentiation, days 14: flowers that 
had sex organ development, and days 20: flowers developed sex organ. The total RNAs were 
isolated using the protocol modified from Chaudhary et al. (2011). The purity and 
concentration of total RNA was determined by the A260/280 ratio using spectrophotometer 
(NanoDrop® ND-1000). Then first strand cDNA synthesis was performed according to the 
manufacture procedure (RevertAid first stand cDNA synthesis kit, Thermo Scientific, 
#K1622). The cDNA products were kept at -20oC until use. 

Phylogenic analysis and primer design 
Neighboor-joining analysis was aligned by MEGA v6.0 bootstrap 500 times. The plant floral 
transcription factor sequences used for phylogenic analysis were retrieved from the GenBank 
(http://www.ncbi.nlm.nih.gov/) and Kazusa Jatropha genome database (http://www.kazusa. 
or.jp/jatropha/). The primer sequence was designed using Primer3 primer design web 
(http://bioinfo.ut.ee/primer3-0.4.0/) and the multiple nucleotide sequences were used for 
designing degenerated primer. 

Quantitative Polymerase Chain Reaction (qPCR) 
qPCR reactions were carried out with CFX96 TouchTM Real-Time PCR detection system 
(Bio-Rad, USA) using the SYBR green binding method. Each PCR reaction contained a total 
volume of 10 µL (2 µL of cDNA templates, 5 µL of 2x SensiFASTTM SYBR No-ROX mix 
(Bio Line, #Bio-98002, USA), 1 µL of 10 mM of each forward and reverse primers (table 1) 
and 2 µL of nuclease free water). The cycling conditions were consisted of an initial the cycle 
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95oC for 3 min, followed by 40 cycles of 95oC for 15s, and annealing temperature for 30s 
(Table 1). Finally, melting program was performed ranging from 65oC to 95oC with heating 
rate of 0.5oC per 3 seconds. The qPCR reactions were done triplicate and the negative 
controls (without template; NTC) were also performed for each primer pair. The expression 
analysis was calculated on Excel spread sheet based on relative quantification Livak’s 
method (2-ΔΔCt) (Livak and Schmittgen, 2001). Each target genes were normalized to Actin as 
an internal control. The mean relative expression data were subjected to the statistical 
analysis with Independent-sample t-test (P<0.05) using IBM SPSS statistics version 21.0 
(Purchase Order: 10-58878). 
 

Results 

Phylogenic analysis of UFO, SEP3 and WUS 

 One UFO, one SEP3 and nine WUS protein coding sequences were homologued to 
Jatropha genome database (http://www.kazusa.or.jp/jatropha/). The relationship between 
those proteins coding sequences and model plants including; Arabidopsis thaliana and 
Ricinus communis were compared using Neighbour-joining phylogenic tree MEGA v6.0. The 
results showed that, one of Jatropha coding sequence, UFO (Jcr4S06464.20) and SEP3 
(Jcr4S00712.120) protein sequences were similar to R. communis, 81.22% (EEF34248.1), 
and 92.82% (XP_002514893.1), respectively (Fig. 1a, 1b). Nine of proteins coding sequences 
of WUS were also similar to R. communis. In fact, R. communis is a plant in Euphobiaceae 
family, which is the same family of Jatropha. However, from the comparison of relationship 
of WUS protein to other plants was able to separate them into a two groups, defined as 
WUS1 and WUS2 (Fig. 1c, 1d). 

 

 

  

 

 

 

 

 

 

Figure 1: Phylogenic tree analysis of (a) SEP3, (b) UFO, and (c) WUS homologues of plant 
species in Genbank/Kazusa database. The accession started with At is the sequences from 
Arabidopsis thaliana, Rc from Ricinus communis and Jc from Jatropha curcas. The 
phylogenictree analysis tool using Neighbour-joining phylogenic tree, bootstrap value for 500 
times (MEGA v6.0).  
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Figure 2: Multiple protein coding sequences alignment of WUS protein for design 
degenerated primer (a) WUS1 protein group and (b) WUS2 protein group. The primers were 
designed from the sequences in the red box. 

 

 

Degenerated primer design 

Degenerate primers might be used to amplify the specific DNA sequences for the known 
genes, or more than one of protein sequence of the genes that are known. So, degenerated 
primers of UFO, SEP3, WUS1, and WUS2 were designed based on conserved region after 
relationship comparison using protein alignment analysis (http://www.ebi.ac.uk/Tools 
/msa/clustalw2/) (Fig. 2 and 3) (sequence of primers show on Table1). The amplification of 
those primers were checked with Jatropha DNA using PCR method. The results showed that, 
those genes were specific to the target sequences and could be used in this study (data not 
shown).  
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(a)  

                                 >>>>>>>>>>>>>>>> 
Jcr4S07858.10      CAGGCAAAGTAGTACAAGATGGACTCCAACAACTGACCAGATAAGAATACTGAAGGATCT 158 
Jcr4S01144.40      --------------CTAGATGGTGTCCAACACCAGAGCAACTAATGATATTGGAAGAG-- 75 
Jcr4S00826.20      --------------CGAGATGGAATCCAACAAAGGAACAAATAAGCTTACTTGAAGGC-- 99 
Jcr4S08457.10      ATGGGGAG----TTCGCGGTGGAACCCTACGCCAGAGCAGCTACTAGCACTGGAAGAA-- 195 
Jcr4S08740.10      GTAGTAAG----CTCAAGATGGAATCCAACACCAGAGCAGCTAAGAACACTTGAAGAA-- 291 
Jcr4S01288.30      ---------------GAGCATGAACCCTCTCTCACGCTTGGTTGCAAGCGTCTTCGCC-- 76 
                                   .* : *:  **:.   .  .  :. *:     . *  : *     
 
 
Jcr4S07858.10      TTATTATAACAGTGGAGTTAGGTCTCCAAATGCAGATCAGATTCAAAGAATCTCTGCTAG 218 
Jcr4S01144.40      -TTATATAGAAATGGAATTAGAACTCCAAATGCTTCTCAAATTCAAAGAATCACAGCCCA 134 
Jcr4S00826.20      -TTATATAGGCAAGGTATAAGAACACCAACTGCTGATCAAATACAGCAAATAACAGCCAG 158 
Jcr4S08457.10      -ATGTATAGACGTGGAATAAGAACGCCCACAGCTGAACAAATCCAACAAATAGCTGCACA 254 
Jcr4S08740.10      -TTATATCGAAGAGGAACTAGAACTCCATCGGCTGAGCAAATTCAACATATAACTGCGCA 350 
Jcr4S01288.30      ---CTCTTGCT----CCTAAACTCTCCAACG---ATACTACTACTACTACTGTCACCTCT 126 
                       *.* .         :*. :* **.:.       *:..* *:.. :.*  *: * .  
 
                                                               <<<<<<<<<<<<<<<<   
Jcr4S07858.10      GCTTAGACAGTACGGTAAAATTGAAGGAAAGAATGTCTTTTATTGGTTTCAGAACCATAA 278 
Jcr4S01144.40      TCTTTCTTTATATGGAAAGATTGAAGGAAAGAATGTGTTCTATTGGTTTCAAAATCATAA 194 
Jcr4S00826.20      ACTAAAAGCTTTTGGTCATATAGAAGGCAAAAATGTCTTTTACTGGTTTCAAAACCACAA 218 
Jcr4S08457.10      GCTTAGTAGGTTTGGAAAGATTGAAGGGAAGAATGTGTTCTATTGGTTTCAAAATCACAA 314 
Jcr4S08740.10      GCTTCGAAGATATGGAAAGATAGAAGGAAAGAATGTATTTTATTGGTTTCAAAACCACAA 410 
Jcr4S01288.30      TTCGACCTCAAGAGCTTCATTAGACCAGAAAGTGGTCCAAGAAAGCTTGGTTCCTCTGAC 186 
                             :  * : . :*:**. . **..: **  :  * :* **  : .. *: *. 
 
                   <<<<<< 
Jcr4S07858.10      AGCTCGTGAGAGGCAAAAGAAACGT----------------------------------- 303 
Jcr4S01144.40      AGCTAGAGATAGACAAAAACTTAG------------------------------------ 218 
Jcr4S00826.20      AGCAAGACAAAGACAGAAACAGAAA----------------------------------- 243 
Jcr4S08457.10      AGCAAGAGAAAGACAAAAACGG-------------------------------------- 336 
Jcr4S08740.10      GGCAAGAGAAAGGCAAAAACGGCGTCGTCAAATGGAATCTGCAGCAGCTCCAGATTATGA 470 
Jcr4S01288.30      GACAAGAAAGATTCACCTCAGCCT------------------------------------ 210 
                   ..*:.*: * *  ** .: .       

(b) 

                            >>>>>>>>>>>>>>>>> 
Jcr4S00240.250      GAGGCAGAGATGGGCGCCGAAAGCAGCACAGCTTCAAATCCTCGAGAGTATTTTTGGTGA 272 
Jcr4S03185.10       AAGACAGCGATGGACTCCAACACCAGTGCAGCTTCAGATTCTGGAGCGTATCTTTGATCA 377 
Jcr4S03419.60       GTGGCAGCGGCGG-TGGCAGTGGCATTCCTTCTTCTTCTACTACTACTATTATGGGGTTT 417 
                    .:*.***.*. **    *.. . **   *: ****: .* **  :.. ::* *  *.* : 
 
Jcr4S00240.250      CTGCAATACAACTC-----CTGATAGGCAGAAGATAAGGGAAATTACGAGTG-AACTTGC 326 
Jcr4S03185.10       GGGGAATGGAACTC-----CAAGCAAGCAAAAGATTAAAGAGATAACCTCTG-AACTCAG 431 
Jcr4S03419.60       CCAAATTCTCCATCTTTTTCTGTTTCTCCTTCTTTTCTTGTAGGCTCCTCTGGTTCTTGT 477 
                      . *:*  ...**     *:.  :  *. :. :*:.  *:..  :* : ** ::** .  
 
                                                          <<<<<<<<<<<<<<<<<<<<<< 
Jcr4S00240.250      AAAACATGGTCCAGTTTCTGAAACAAATGTGTATAATTGGTTTCAGAACAGGAGAG---- 382 
Jcr4S03185.10       CCAGCATGGACAAATTTTTGAATCAAATGTGTATAATTGGTTTCAAAATAGACGCG---- 487 
Jcr4S03419.60       GGAGGAGGAGTTAGTGAAGGTGTAGAAAGTTTGTTTTCACTGCCTAATCAAATGGGTTTT 537 
                      *. * *.   *.* :  *:.:..**:** *.*::* . *  *:.*: *.. * *     
 
                    <<<< 
Jcr4S00240.250      CACGTTCCAAGAGAAAGCAA---GCAGCTTTACCGACGCTAACAAAC-ACCGGAG---AA 435 
Jcr4S03185.10       CACGATCTAAAAGAAAACAATTGGTTGCTTCGTCTAACAATGCTGAA-TCAGAAGTTGAA 546 
Jcr4S03419.60       CAAGAAATAGAGCAAAGCTCTTCTATTTTAGGCCTATCATCAGATACGTCAAGTTTGCAC 597 
                    **.*::. *... ***.*:.     :  *: . * *  .: . : *. :*...:    *. 
 

Figure 3: Nucleotide alignment; the conserved region in yellow box is forward primer and in 
green box is reverse primer (a) WUS1; (b) WUS2. 
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Table 1: Primers were used in this study 

Name Abbre. Annealing 
temperature (oC) 

GC% length Sequences 
5’ – 3’ 

Product 
size (bp) 

UFO JcUFOF 
41 

55.56 18 CCATGGATGGACGCTAGA 
170 JcUFOR 50.00 18 CGCGGTGATAAATGGATG 

SEP3 JcSEP3F 
41 

50.00 19 GCCCTGCAACGATCCCAAA 
125 JcSEP3R 55.56 19 TGGGTCCGCGTTGATCTGA 

WUS1 JcWUS1F 
40 

60.40 16 CDMGDTGGWVYCCDAC 
169-172 JcWUS1R 47.00 22 CKDGCYTTRTGRTTYTGRAACC 

WUS2 JcWUS2F 50 59.30 18 GATGGRMBCCRAMASCWG 166 JcWUS2R 50.80 22 CKTGMBYKYCKRTTYTGRAACC 
 

The expression analysis 

The Jatropha flowers of each treatment was collected after treated, on days 10, 14 and 
20, for total RNA extraction and quantification of the gene expression of SEP3, UFO, WUS1 
and WUS2. The genes expression showed that, at days 10, after treated with BA, UFO, and 
WUS1 were highly expressed and significantly different from those controls.  Furthermore, 
the expression of UFO in control flower was higher than those in treated flowers on days 14. 
On days 20, SEP3 and UFO were highly expressed in control than those in treated flowers. 
However, WUS2 was not expressed (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The mean relative expression normalized by internal control of genes might be 
involved in floral organ development. The mean relative expression values were analyzed by 
statistical analysis using Independent-sample t-test (P<0.05) (A) 10 days after treated (10 
DAT), (B) 14 days after treated (14 DAT), and (C) 20 days after treated (20 DAT).  
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Discussion 

To elucidate the effect of BA on floral transcription factor genes in Jatropha, three floral 
transcription factors were selected including; SEP3, UFO, and WUS based on proteins, which 
reported in literature of Arabidopsis. Gene expression of those transcription factor genes were 
performed by using quantitative PCR method and the results showed that, the expression of 
SEP3, UFO and WUS1 were significantly higher than those in control (P<0.05). These results 
are consistent to previous reported by Diggle et al. (2011); whose found that UFO and WUS 
are also required to activate floral organ identity genes group and cytokinins will up-regulate 
homeobox meristem genes (WUS). In addition, SEP3 also appears to be involved in floral 
organ identity genes activation in Arabidopsis. Adversely, WUS2 was not expressed in both  
control and treatments, which might be from the protein coding sequences of WUS2 that was 
not affected by BA. During flowers blooming (days 14 after treated), UFO in control flowers 
was significantly expressed higher than those in treated flowers, and after 20 days of 
treatment with BA, SEP3 and UFO in control flowers were significantly expressed higher 
than those in treated flowers. The results indicated that after treated with 160 mg/L of BA 
was able to stimulated SEP3, UFO, and WUS1 before flower blooming; whereas, during 
flower blooming and after blooming, their expression was decreased (lower than the control) 
(Fig. 4). Interestingly, the gene expression occurs during flower blooming were decrease in 
this study. Thus, the expression level of transcription factors during each time period and the 
number of flower which is affected by BA will be studied in the future. 

Conclusion 

In this study, the effect of BA to floral transcription factor genes was investigated. 
Degenerated primers from protein alignment analysis were used for gene expression analysis. 
The results showed that transcription factor genes in flowers treated with BA for 10 days 
were significantly expressed higher than those in control. On the other hand, those genes 
were expressed lower than the control flowers after day 14 and day 20 during flower 
blooming. Accordingly, the effect of BA on flower blooming, the expression level of 
transcription factors along with time period and the number of flower which affected by BA 
will be further investigated. 
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