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ABSTRACT                        Ipomoea carnea (I. carnea) has unique biological features for the study of cellular 
and molecular adaptation mechanisms due to presence of diverse alkaloid and its cadmium 
tolerance capacity. The present study was directed to quantify total SOD content in different 
organs of the plant and further extended to relative quantification of cytosolic CuZn-SOD, Fe-
SOD and Mn-SOD mRNA. A modified method of total RNA isolation from the plant I. carnea 
which is rich in alkaloids has been described. Total SOD content of apical and lateral bud was 
highest, but transcript abundance of cytosolic CuZn-SOD was much lower as compared to root 
and leaves. In these cases Mn- and Fe-SOD mRNA was relatively higher and perhaps that was 
contributing to the high SOD activity. However, less photosynthetically active organs like root 
and petal show less SOD activity but mRNA level of cytosolic CuZn-SOD was competitive in these 
cases. The results showed that SODs in different compartments are differently regulated and 
each SOD isoenzyme must be performing specific function related to its cellular localization and 
expression of the protein isoforms depend upon local accumulation of superoxide.
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Table1. Oligonucleotide primers used for RT-PCR and Real time PCR analysis. ‘F’ and ‘R’ stands respectively for forward and reverse 
primers used in the experiments. Full length accession number of the corresponding genes has been mentioned in the table.

Name of the oligo Accession No. Sequence (5’   to    3’) Amplicon length (bp) Tm

18sF AK059783 GACTACGTCCCTGCCCTTTGTACAC 128 60°C
18sR AGGTTCAATGGACTTCTCGCGACGTC

Cyt CuZn SOD F JQ906095 CGGGCCTTCAAACCTGGTCTT 254 60°C
Cyt CuZn SOD R CATGAACAACAACAGCTCTTCC

Fe SOD F M55910.1 GCTGCGGCAACACAATTTGGCTCTGG 157 61°C
Fe SOD R AAGTCCAGATAGTAAGCATGCTCCCA

Mn SOD F JF509743.1 GTACAAGGTTCTGGCTGGGTGTGGCTG 186 61°C
Mn SOD R ACTTCACATGCATATTTCCAGTTCACA



Isolation of total RNA and cDNA preparation

 

(
ο

Figure 1. Nucleotide sequence alignment of the cytosolic CuZn-SOD 
gene from different species using Clustal W. Representative plant spe-
cies are Ipomoea batatas (JQ906095), Populus suaveolens (DQ481231), 
Brassica juncea (AF540558), Oryza sativa (L36320), Arachis hypogaea 
(DQ499511) and Malus xiaojinensis (AY646367). Degenerate primers 
(Table 1) for real time PCR were designed from sequences shaded in 
yellow.

CLUSTAL 2.1 multiple sequence alignment-Cytosolic CuZn-SOD

Ipomoea         ATGGTGAAGGCTGTCGCAGTTCTTAGCAGTAGTGAAGGTGTCAGCGGCACCATTTTCTTC 60

Populus         ATGGTGAAGGCTGTAGCTGTTCTTAATAGCAGTGAAGGTGTGAGTGGCACCATCTTCTTT 60

Oryza           ATGGTGAAGGCTGTTGTTGTGCTTGGTAGCAGTGAGATTGTTAAGGGCACTATCCACTTT 60

Malus           ATGGTGAAGGGTGTTGCTGTTCTCGGCTCCAGTGAGGGCGTTAAAGGAACCATCAGCTTT 60

Arachis         ------------------------------------------------------------

Brassica        ATGGGCAAGGGAGTGGCAGTCTTGAACAGCGGTGAGGGTGTTAAGGGGACTATCTTTTTC 60

                                                                            

Ipomoea         AGCCAAGAAGGAGATGGTCCAACCACAGTCACTGGAAACGTTTCGGGCCTCAAACCTGGT 120

Populus         ACCCAAGAAGGAGATGGCCCAACTACTGTAACTGGAAACCTTTCTGGTCTTAAGCCAGGC 120

Oryza           GTCCAAGAGGGAGATGGTCCCACCACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGT 120

Malus           GTCCAGGAGGGAGATGGCCCAACTACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGA 120

Arachis         ----AGGAAGGAAATGGTCCAACCACTGTGACTGGAAATCTTGCTGGCCTTAAGCCTGGT 56

Brassica        ACCCAGGAAGGAGACGGTGTGACCACTGTGACTGGAACAGTTTCTGGACTTAAACCTGGT 120

                    * ** *** * **    ** ** ** *******   *  * ** ** ** ** ** 

Ipomoea         CTTCATGGCTTCCATGTCCATGCCCTAGGTGACACAACAAATGGATGCATGTCTACTGGA 180

Populus         CTTCATGGCTTCCACGTCCATGCCCTTAGAGACACCACAAATGGCTGCATGTCAACTGGG 180

Oryza           CTCCATGGGTTCCATATTCATGCACTTGGTGACACCACCAATGGTTGCATCTCAACTGGG 180

Malus           CTTCATGGTTTCCATGTCCATGCTCTTGGAGACACAACAAACGGTTGCATGTCAACTGGG 180

Arachis         CTTCATGGGTTCCATGTCCATGCCCTTGGAGACACCACAAATGGTTGCCTGTCAACTGGA 116

Brassica        CTACATGGTTTCCATGTCCATGCTCTTGGTGACACCACTAACGGTTGCATGTCCACCGGT 180

                ** ***** *****  * ***** **  * ***** ** ** ** *** * ** ** ** 

Ipomoea         CCACATTTCAATCCTGCTGGAAAGGAGCATGGAGCTCCTGGAGACGATAACCGCCATGCC 240

Populus         CCGCATTTTAATCCTGTAGGCAAGGAGCATGGTGCCCCTGAGGATGAGAATCGTCATGCT 240

Oryza           CCACACTACAATCCTGCCGGAAAGGAGCATGGAGCACCAGAAGATGAGACCCGCCATGCT 240

Malus           CCACACTTCAATCCTGCTGGAAAAGAGCATGGTGCCCCTGAAGATGAGCTTCGCCATGCT 240

Arachis         CCGCATTTCAATCCTAACAACAAGGAGCATGGTGCCCCTGAAGATGAGAACCGCCATGCT 176

Brassica        CCACATTTCAACCCTGATGGTAAACAACACGGTGCCCCTGAGGATGCTAATCGTCATGCT 240

                ** ** *  ** ***      **  * ** ** ** ** *  ** *     ** ***** 

Ipomoea         GGTGATCTTGGAAACATCACGGTTGGAGAAGATGGTACTGCTT-CATTCACCATCACTGA 299

Populus         GGTGATCTGGGAAATGTCACTGTTGGTGATGATGGCACTGCTA-CTTTCACAATCATTGA 299

Oryza           GGTGATCTTGGAAATGTCACCGCTGGAGAAGATGGTGTTGCTAATATCCATG-TTGTTGA 299

Malus           GGCGATCTTGGAAACATCACTGCTGGGGACGATGGAACTGC-AACCTTCACGATTGTTGA 299

Arachis         GGTGATTTAGGAAATGTTAATGTTGGAGATGATGGAACTGTTAGC-TTCTCCATTTCCGA 235

Brassica        GGCGATCTAGGAAACATCATTGTTGGAGATGATGGAACTGCCA-CCTTCACAATCACTGA 299

                ** *** * *****  * *  * *** ** *****   **      * *    *    **

Ipomoea         CAAGCAGATTCCGCTTACTGGAGCAAATTCTGTTATTGGAAGAGCTGTTGTTGTTCATGG 359

Populus         CAAACAGATTCCTCTTACTGGACCACATTCCATTATTGGAAGGGCTGTTGTTGTTCATGG 359

Oryza           CAGTCAGATTCCACTTACTGGACCAAATTCAATCATTGGCAGAGCCGTCGTTGTGCATGC 359

Malus           CAAGCAGATTCCTCTCGCTGGACCACACTCTATCATTGGTAGGGCGGTTGTTGTCCACGC 359

Arachis         CAGTCAGATCCCTCTTAGTGGGCCAAACTCCATTGTTGGAAGGGCTGTTGTTGTCCATGC 295

Brassica        CTGCCAGATTCCTCTTAGTGGACCAAACTCTATTGTCGGAAGGGCTGTTGTTGTCCACGC 359

                *   ***** ** **   ***  ** * **  *  * ** ** ** ** ***** ** * 

Ipomoea         TGATCCCGATGATCTTGGTAAAGGTGGCCATGAGCTCAGCAAAAGCACTGGAAATGCTGG 419

Populus         AGATCCTGATGATCTTGGCAAGGGAGGACATGAACTCAGCAAAACCACCGGTAATGCTGG 419

Oryza           CGATCCTGATGATCTTGGAAAGGGTGGGCACGAGCTGAGCAAGACCACCGGAAACGCTGG 419

Malus           AGACCCTGATGACCTTGGCAAGGGTGGACATGAGCTTAGCAAATCCACAGGAAATGCTGG 419

Arachis         TGATCCTGATGATCTTGGGAAAGGTGGGCATGAGCTTAGCAAATCCACTGGAAATGCTGG 355

Brassica        AGACCCTGATGACCTCNGAAAGGGAGGCCATGAACTCAGCTTGGCTACCGGAAATGCANG 419

                 ** ** ***** **  * ** ** ** ** ** ** ***      ** ** ** **  *

Ipomoea         CGGGAGGGTTGCCTGCGGTATCATTGGCCTGCAGGGTTAA 459

Populus         CGGCAGAGTAGCATGCGGTATTATTGGTCTGCAAGGTTGA 459

Oryza           TGGCCGTGTTGCTTGCGGGATCATCGGACTTCAAGGCTGA 459

Malus           TGGCAGGGTGGCTTGCGGTATTATTGGTCTGCAAGGATGA 459

Arachis         TGGCAGAGTAGCTTGTGGGATTATTGGTTTGCAAGGCTAG 395

Brassica        TGGCCGTGTTGCTTGTGGCATTATTGGTCTTCANGGCTAA 459

                 **  * ** ** ** ** ** ** **  * ** ** *  



Real-Time PCR analysis 

Figure 2. Nucleotide sequence alignment of the Fe-SOD gene from different species using Clustal W. Representative plant species are Arabi-
dopsis thaliana (M55910.1), Glycine max (AAA33960.1), Jatropha curcas (JF509742.1), Brassica oleracea (JF720320.1), Nicotiana plumbaginifolia 
(M55909.1). Degenerate primers (Table 1) for real time PCR were designed from sequences shaded in yellow.

Arabidopsis          CAAAGTAGTGAAAACTCCCAATGCTGTGAATCCCCTTGTGCTCGG---CTCTTTCCCATT 468

Brassica             CAAAGTAATGAAAACTCCAAATGCTGTGAATCCCCTTGTGCTTGG---TTCTTTTCCATT 504

Jatropha             TGTTGTGGTGAAGAGTCCCAATGCTGTAAACCCACTTGTTTGGGA---TTACTCTCCACT 657

Glycine              AGTGGTGCTCAAGAGTCCCAATGCTGTGAACCCCCTTGTTTGGGGAGGTTACTACCCACT 549

plumbaginifolia      TGCCTTGGTGAAAACTCCCAACGCTGAAAATCCTCTTGTTTTGGG---TTACACACCGCT 405

                          *  * ** * *** ** ****  ** ** *****    *     *     **  *

Arabidopsis          GCTTACCATTGATGTCTGGGAGCATGCTTACTACCTTGACTTCCAGAACCGAAGACCAGA 528

Brassica             GCTTACCATTGATTTTTGGGAGCACGCTTACTACCTCGACTTCCAGAACCGCAGACCGGA 564

Jatropha             CCTTACTATTGATGTCTGGGAGCATGCTTACTACCTTGACTTTCAGAATCGACGGCCTGA 717

Glycine              TCTTACCATTGATGTTTGGGAGCATGCTTACTACCTTGATTTTCAGAACCGGCGTCCTGA 609

plumbaginifolia      CCTCACCATAGACGTTTGGGAGCATGCTTACTATCTGGACTTTCAGAACCGGCGGCCTGA 465

                      ** ** ** **  * ******** ******** ** ** ** ***** **  * ** **

Arabidopsis          TTACATAAAGACATTCATGACCAATCTTGTGTCTTGGGAAGCTGTAAGTGCCAGACTTGA 588

Brassica             TTACATAAAGACATTCATGAACAATCTTGTGTCTTGGGAGGCTGTTAGTTCCAGACTTGA 624

Jatropha             TTATATATCAACCTTTATAGAGAAGCTTGTATCATGGGAAGCAGTTAGTGCAAGGTTGGA 777

Glycine              TTATATATCAGTGTTCATGGATAAGCTTGTTTCCTGGGATGCAGTGAGCTCTAGACTTGA 669

plumbaginifolia      CTACATATCTATCTTTATGGAGAAGCTCGTGTCGTGGGAAGCAGTCAGTTCTAGGCTTAA 525

                      ** ***      ** **    ** ** ** ** ***** ** ** **  * **  *  *

Arabidopsis          GGCCGCCAAGGCT------GCTTCTGCTTAAG-------CAAAT---TTCTGAACAA--T 630

Brassica             GGCTGCCAAAGCT------GCTTCTTCCTGAGTCATCATCAGATATATTCGGACCAAAAT 678

Jatropha             AGCTGCAAAGACT------AAAGCTGCA-GAGAGAGAAAAAGAAGAAGAGAGGAGGAAAA 830

Glycine              ACAAGCTAAGGCTTTAATTACCAGTGCATGATGCTGAATTAAATGCAGAATAAGTGATTT 729

plumbaginifolia      AGCAGCAACAGCTTGA---GCTGCTTAGCGAG--AAGACAGAAAGGAGGAAGAGGCAAAT 580

                         ** *   **           *     *           *             *   

Arabidopsis          TTGACTTCAGTGACAGTGAGT--------TCT---GCATCA--CCGAA--GTCTCTTAAT 675

Brassica             CTGACTTCAGTTGT-GTATAT--------TAT---GCATTA--CTGAA--GTTTCTTAAT 722

Jatropha             GGGAGGAAGAGGAGAGTGTGC--------CAG---GCAGC-----GAA--GCTGCAGAGT 872

Glycine              ATCCTGATAGTGATGATGAAT--------TGGATGGCGTCATGCGGAATAGTGAATTATT 781

plumbaginifolia      CTAGCAGGCACGAGAGTAAATATTTGAGACAGAATGATTTTTGTTAAAGAGACACTATTT 640

                                     *                  *          **  *        *

Arabidopsis          AAAATATTGGTCGCTGT-------AAT-AAGGACAC----AGCTCTCT-------TGTTG 716

Brassica             AAAATATTGGTCGCGGT-------TAT-AAGGACAC----TGCTCTCT-------TGTTG 763

Jatropha             TGTATGTGGATAGTGAA-------AGT-GAAGATTC----TGAGGCCG-------AGTAA 913

Glycine              TTTATCTAGAAAGTGTA-------AGC-AGGCACATCTTTTGTACTTTAAATAGGTGTTG 833

plumbaginifolia      TCAATCCTGCTATCCTTCTTTCTCAGTTGAGAATTT---TAGATGTCT-------TATTA 690

                        **   *                       *        *               *  

Arabidopsis          TGT-----------ATGTGTCACAGAGTT---CTTCAT-----------TTT---GCTTG 748

Brassica             TA------------ATGTCTCATCGAGTC---TTTCAT-----------CT----GTTTC 793

Jatropha             CTG-----------GGGACT------ATT---TTTCAG-----------TTA---GTCAA 939

Glycine              TGGTATCAGGGCT-AAATCTCAGATTATTATGTTCTATGGTTAGAAATCTTA---GTTAT 889

plumbaginifolia      TGTGCACTTTACTAGAGAGTCAAGTGATG---CTCTGTA---------TTTGGAGGATAG 738

                                        *       *     *                *    *    

Arabidopsis          TGTAATGAACAATTAAACATGCTCTTTTC-TGAGTGTGTGTGCGTTTTGTGTGTGTCAAA 807

Brassica             T---------------------TGTTTAC-TGAG---------ATTTT----------AA 812

Jatropha             GGT-------------------TCTGTAT-TACG------------------------AA 955

Glycine              GGT-------------------TCTCTTTGTGTGACAATGTGAACAATA--------AGA 922

plumbaginifolia      TGTTAT---------------TTCTGTTCTTTAGCAGCTGTTAATGGCA---GGGAAAAA 780

                                           * * *   *  *                         *

Arabidopsis          TTTTTCAT-C----GTCTCCTTTATTAA-------ACTCAAATTGGCA-----------C 844

Brassica             ----TCAT-C----GTG-----TAATAA-------A---GAACTACCA-----------T 837

Jatropha             -----CAC-C----CTC-----TGTTGA-------ACT---GTGAACG-----------C 979

Glycine              TTGCTTATGC----ATGAA---TAATCA-------AC--AAAATAATA-----------C 955

plumbaginifolia      TAATTCAAGTTGAGGTGTGGGACAACAATGTAAGGACGTGAATAAACAAATCTATTGCAC 840

                           *        *           *       *                        

Arabidopsis          C---------------------------- 845

Brassica             -----------------------------

Jatropha             T---------------------------- 980

Glycine              TATGGTGTAGAGCCTTTTCATATAA---- 980

plumbaginifolia      TTTGGTGCCCTAATTTTAGAATTAGAATG 869

                     * *****       ***  *  **

CLUSTAL 2.1 multiple sequence alignment Fe-SOD

Arabidopsis          ------------------------------------------------------------

Brassica             ------------------------------------------------------------

Jatropha             AGCAACAACTACTACAGCCACCTCACTAACCTGTGCACTTTTTCCCCGCCATGGAGGGCT 60

Glycine              ------------------------------------------------------------

plumbaginifolia      ------------------------------------------------------------

                                                                                 

Arabidopsis          ------------------------------------------------------------

Brassica             -----------------------------CAAAAGAGAAAT-------------GGCTGC 18

Jatropha             TAGTCGAACAACTAGTGCCTTCAAATGGAGAAAGGAGAGGCACGTCAGGAGACAGACTGG 120

Glycine              ---------------------------TATCAAAGAGGGTC------------------- 14

plumbaginifolia      ------------------------------------------------------------

                                                                                 

Arabidopsis          ------------------AAACTACGTCCTCAAGCCACCTCCATTCGCACTGGATGCTTT 42

Brassica             TTCAGCTGCTGTAACCGCAAACTACGTCCTTAAGCCACCTCCATACCCTCTGGATGCTTT 78

Jatropha             TCCTGCTATAGTAACTGCAAAATTTGAGCTGAAACCTCCTCCATATCCCCTGAATGCATT 180

Glycine              -----CAAAAGTCAATGCAAAGTTCGAGCTGAAGCCGCCACCATATCCACTGAATGGTTT 69

plumbaginifolia      ------------------------------------------------------------

                                                                                 

Arabidopsis          GGAGCCGCATATGAGCAAACAAACTCTGGAGTTTCACTGGGGAAAACATCACAGAGCTTA 102

Brassica             GGAGCCGCATATGAGCAAACAAACTCTGGAGTTTCACTGGGGAAAACATCACAGAGCTTA 138

Jatropha             GGAGCCACATATGAGCAAGGATACCCTGGAGTACCATTGGGGAAAGCATCACAGGTCTTA 240

Glycine              GGAGCCGGTGATGAGCCAGCAGACACTTGAGTTTCACTGGGGGAAGCACCACAAGACTTA 129

plumbaginifolia      ---------------------------TGAATTCCACTGGGGGAAGCATCACAGGGCTTA 33

                                                 ** *  ** ***** ** ** ****   ****

Arabidopsis          CGTGGACAACCTCAAGAAACAGGTTCTTGGAACCGAGCTTGAAGGCAAGCCCTTAGAGCA 162

Brassica             TGTGGACAACCTCAAGAAACAGGTTCTTGGATCCGAGCTTGAAGGCAAGCCCTTGGAGCA 198

Jatropha             TGTGGATAACTTGAACAAGCAAATTGTAGGAACAGAACTAGATAGCTTGCCGCTAGAAGA 300

Glycine              TGTGGAAAATCTGAAAAAACAAGTTGTTGGGACAGAGCTTGATGGGAAGTCACTAGAAGA 189

plumbaginifolia      TGTCGACAATTTAAACAAGCAAATAGACGGAACAGAACTAGATGGAAAGACACTAGAAGA 93

                      ** ** **  * ** ** **  *    **  * ** ** **  *   * *  * **  *

Arabidopsis          CATTATCCACAGCACTTACAACAATGGTGATCTCCTCCCTGCTTTCAACAACGCTGCTCA 222

Brassica             TATCATCCAAAACACTTACAACAACGGCGACCTACTCCCTGCTTTCAACAACGCTGCTCA 258

Jatropha             TGTTGTAATTGTTACTTACAATAAAGGTGATGTTCTTCCAGCTTTCAACAATGCTGCGCA 360

Glycine              GATTATTGTCACATCATACAATAAGGGTGACATTCTTCCAGCTTTCAACAATGCAGCACA 249

plumbaginifolia      CATAATACTTGTTACGTATAACAAAGGTGCTCCCCTCCCAGCATTCAACAATGCTGCTCA 153

                       *  *        * ** ** ** ** *     ** ** ** ******** ** ** **

Arabidopsis          GGCGTGGAACCACGAGTTCTTCTGGGAGTCAATGAAACCAGGTGGTGGAGGAAAACCATC 282

Brassica             GGCATGGAACCACGAGTTCTTCTGGGAATCAATGAAACCAGGTGGTGGTGGAAAACCATC 318

Jatropha             GGCCTGGAACCATGAGTTTTTCTGGGGATGCATGAAACCAGGTGGTGGAGGAAAACGATC 420

Glycine              GGTATGGAACCATGACTTCTTCTGGGAGTGCATGAAACCAGGTGGAGGTGGAAAGCCATC 309

plumbaginifolia      GGCCTGGAATCATCAGTTTTTCTGGGAATCAATGAAGCCCAACGGAGGAGGAGAGCCATC 213

                     **  ***** **  * ** *******  *  ***** **    ** ** *** * * ***

Arabidopsis          AGGAGAGCTTCTTGCTTTGCTTGAAAGAGATTTCACTTCTTATGAGAAGTTCTATGAAGA 342

Brassica             AGGAGAGCTTCTTGCTCTGCTTGAAAGAGATTTCACTTCTTATGAGAAGTTTTATGATGA 378

Jatropha             AGGAGAGCTTCTGCAATTAATTGAAAGAGACTTTGGTTCCTTTAAAAAATTTGTGGAAGA 480

Glycine              CGGGGAGCTTCTAGAACTGATTGAAAGAGACTTTGGTTCATTTGTAAAATTCCTTGATGA 369

plumbaginifolia      TGGTGAATTACTAGAACTAATCAACAGAGACTTTGGTTCCTATGATGCATTTGTTAAAGA 273

                      ** **  * **     *  *  * ***** **   *** * *      **     * **

Arabidopsis          GTTCAATGCTGCTGCAGCCACTCAGTTTGGAGCTGGCTGGGCCTGGCTTGCTTAT---TC 399

Brassica             GTTCAATGCTGCTGCTGCCACTCAATTCGGAGCTGGCTGGGCCTGGCTTGCTTAC---GC 435

Jatropha             ATTTAGGTCAGCTGCAGCTACACAGTTTGGATCTGGATGGGCTTGGCTTGCATATAAAGC 540

Glycine              GTTCAAGGCTGCTGCTGCAACACAATTTGGTTCAGGGTGGGCTTGGCTAGCATATAGAGC 429

plumbaginifolia      ATTTAAGGCAGCTGCGGCAACACAATTTGGCTCTGGTTGGGCCTGGCTCGCATACAAACC 333

                      ** *   * ***** ** ** ** ** **  * ** ***** ***** ** **     *

Arabidopsis          AAATG------------------------------------------------AAAAACT 411

Brassica             AGATA------------------------------------------------ACAAACT 447

Jatropha             AAATAGGCTCAATGTCGAAAATGCAGTAAATCCTCGCCCGTCAGAAGAGGACAAAAAGCT 600

Glycine              AAGAAAATTTGATGGGGAAAATGTAGCAAATCCTCCTTCACCCGATGAGGACAACAAGCT 489

plumbaginifolia      TGAAGAG---------------------------------------------AAAAAGCT 348

                                                                          * ** **



Results 

SOD activity in crude extracts 

CLUSTAL 2.1 multiple sequence alignment Mn-SOD

Jatropha         --CGGGCTCTTT-CACTC-CCTACACTATTCGACTC-CTGT---CGA---------CGAA 43

Zea              CACACACTCCGCATACGCACCTACGAGAGTCGAGTGACAGTGAGCGAGCGAGCGAGCGAA 60

Arabidopsis      ---GCGACCACTAGA-------AGGAGAAACAAATCTTCAT---------------TCCA 35

Ipomoea          ------------------------------------------------------------

Solanum          -----------------------------------------------------------G 1

   

                                                                          

Jatropha         TCAATGGCTCTCCGTTCTCTGGCCACCAGAACCGCCCTAGGCGCCGCTGTCAAGGCGGAT 103

Zea              GCCATGGCTCTCCGCACCCTGGCATCGAAGAACGCCCTATCCTTCGCGCTC--GGTGGAG 118

Arabidopsis      GCAATGGCGATTCGTTGTGTAGCGAGTAGAAAAACCCTAGCCG----GCTTGAAGGAGAC 91

Ipomoea          ------------------------------------------------------------

Solanum          GACAAAGAGCTTAAGCGCCTGGTGGTTGAAACCACTGCA--------------------- 40

    

                                                                         

Jatropha         TCTAATCTTTTCCTAGGCTTAGGATTAAGTCAACTTCGAGGATTGAAAACCTTCTCTCTC 163

Zea              --CGGCCCGGCCGTCGGC---GGAGTCCGCGA-----GGGGGGTGACGACGGTCGCGCTC 168

Arabidopsis      ATCATCGAGGCTATTGA----GGA-----TCA-----GAGGGATTCAGACTTTTACGCTT 137

Ipomoea          ------------------------------------------------------------

Solanum          ---AATCAGGTGATTGA----------------------------------TGCATGTTC 63

                                                                             

Jatropha         CCCGATCTTGCCTACGACTATTCAGCTCTTGAGCCCGTGATTAGTGCCGAGATAATGCAG 223

Zea              CCCGACCTCTCCTACGACTTCGGCGCGCTGGAGCCGGTCATCTCGGGGGAGATCATGCGC 228

Arabidopsis      CCTGATCTTCCTTACGATTATGGCGCATTGGAACCGGCCATTAGTGGAGAGATCATGCAG 197

Ipomoea          ------------------------------------------------------------

Solanum          T---ATTTATCCTA------------------------GATGAATAGATAGAT-ATGT-T 94

                                                                             

Jatropha         CTTCATCACCAAAAGCACCACCAGACTTATATTACTAACTATAATAAGTCTCTTGAGCTG 283

Zea              CTGCACCACCAGAAGAACCACGCCACCTACGTCGTCAACTACAACAAGGCGCTTGAGCAG 288

Arabidopsis      ATTCATCACCAGAAGCATCACCAGGCTTATGTTACTAATTACAATAATGCTCTTGAGCAG 257

Ipomoea          ------------------------------------------------------------

Solanum          CTATTTATCCTAAATTAATAGATAGCTGAG--CATCATCTTCAACAAG------------ 140

                                                                             

Jatropha         CTCAATGAAGCTATGAATAAGGGGGACTCTGCTTCT--GTTGTCAAGTTGCAGAGCGCCA 341

Zea              ATCGACGATGTCGTCGTCAAGGGCGACGACTCCGCT--GTCGTCCAGCTCCAGGGCGCCA 346

Arabidopsis      CTTGATCAAGCTGTGAACAAGGGAGATGCTTCCACT--GTTGTTAAGTTGCAGAGCGCCA 315

Ipomoea          ------------------------------------------------------------

Solanum          -----TGAAGTT------------GATTCCTCCACTTTGTTGCCTTGACTTAGAGGTTAA 183

                                                                             

Jatropha         TCAAGTTCAATGGTGGAGGTCATATCAACCACTCCATTTTCTGGAAGAATCTCGCCCCTG 401

Zea              TCAAGTTCAACGGCGGCGGTCATGTGAACCATTCAATCTTTTGGAAGAACCTCAAGCCTA 406

Arabidopsis      TCAAATTCAACGGCGGAGGTCATGTCAACCATTCGATTTTCTGGAAGAACCTTGCTCCTT 375

Ipomoea          ------------------------------------------------------------

Solanum          TACTATCCAA-----GAAAGCGTGAAAA---------------GAAAATGCATAAGACTG 223

                                                                             

Jatropha         TTCGTGAAGGAGGTGGTGAACCTCCGCATGGTTCCCTTGGTTGGGCGATTGATGAA--GA 459

Zea              TTAGCGAAGGTGGTGGGGAGCCGCCACATGGGAAACTTGGCTGGGCCATCGATGAG--GA 464

Arabidopsis      CCAGTGAAGGTGGTGGAGAGCCACCAAAAGGATCTCTTGGTAGTGCCATTGACGCT--CA 433

Ipomoea          -----------------------CCGAAGAGTTCTTTTGGCTGGGAGATTGACAAT--CA 35

Solanum          CTAAT--------TTCTTGATTGCT-TAGAAGTCTTTAAGTTGTAGACTAAATAATTTGA 274

                                        *   *        *  *  *     *  *       *

Jatropha         TTTTGGTTCTTTGGAAAAGTTGATCC--AGAAAATCAGC-------ACAGAA-GGTGCTG 509

Zea              TTTTGGTTCATTTGAGGCACTTGTAA--AGAGGATGAAT-------GCAGAA-GGCGCTG 514

Arabidopsis      CTTTGGCTCCCTTGAAGGTCTGGTGA--AAAAGATGAGT-------GCTGAG-GGTGCTG 483

Ipomoea          CTTTGGCTCTTTAGATGCTCTGATAC--AAAAGATGTCT-------GCAGAA-GGTGCTG 85

Solanum          CTTCCATTTCTTATTAGCTGCCATGATTGAGAGATGTATTTTTTATGTTAATTGATGCTG 334

                  **    *   *           *         **               *  *  ****

         

Jatropha         GTTGAGACAACTGCAAACCAGGACCCATTG-GTAACTAAAGGACCAACTTTAGTTCCTTT 627

Zea              GTTGAAACTACAGCTAATCAGGATCCTCTG-GTGACTAAAGGTGCAAGCTTGGTTCCGCT 632

Arabidopsis      GTTGACACAACTGCCAATCAGGATCCATTA-GTGACAAAAGGAGGAAGCTTGGTACCTCT 601

Ipomoea          GTTGAAACCACCCCAAATCAGGACCCTTTG-GTTACTAAAAATCCAAACAAGGTTCCTCT 203

Solanum          ACCGGTCCT--------TTAGAATTATTTGCATTTCCCCACCTC----CTTGGT----CT 424

                    *   *           ** *     *   *  *   *            **     *

Jatropha         GCTTGGCATT--GATGTTTGGGAGCATGCATACTA--CTT--ACAGTACAAGAATGTCAG 681

Zea              GTTGGGGATT--GATGTCTGGGAACATGCGTACTA--CCT--GCAGTACAAGAATGTTAG 686

Arabidopsis      GGTGGGTATA--GATGTTTGGGAGCACGCCTACTA--CTT--GCAGTACAAAAATGTGAG 655

Ipomoea          ACTGGGCATA--GATGTTTGGGAACATGCGTACTA--CTT--ACAGTACAAGAATGTGAG 257

Solanum          G-TCAGCATTCTGCAGTCTAC-ATCATAYGGCCCAGGCTTCAACTGTAGATAGGTCTTAT 482

                   *  * **   *  ** *   * **      * *  * *   * *** *    * * * 

Jatropha         ACCTGATTATCTAAAGAACATATGGAAGGTAATAAATTGGA--AGTATGCAAGTG-AAGT 738

Zea              GCCGGATTACCTGAACAACATCTGGAAGGTGATGAACTGGA--AATATGCTGGAG-AGGT 743

Arabidopsis      GCCTGAGTATCTGAAGAATGTATGGAAAGTGATCAACTGGA--AATATGCAAGCG-AGGT 712

Ipomoea          GCCGGATTACTTGAAGAATATATGGAAAGTTGTGAACTGGA--AATATGCATGTG-AAGT 314

Solanum          TTTTGTCTATTTTGACAATCCTTTTTATATGTGGGATTGCATAAGAACGTTGGCATATGC 542

                     *  **  *  * **    *   *  *     * ** *  *  * *   *   * * 

Jatropha         GTA---------------------TGCAAATGAATGCCCTTCAGCTTAGAGCGCTCACCA 777

Zea              GTA---------------------CGAAAATG---------------------------- 754

Arabidopsis      TTA---------------------TGAGAAGGAAAG------------------------ 727

Ipomoea          TTACCAACAATTTACACCATTGCCTGCAAGCAGAGACTGATCAGACCAGGTGATCCAACA 374

Solanum          TTT---------------------TGCAATAGT--------------------------- 554

                  *                       *  *                               

Jatropha         CTCTT----ATGATTG---AAATAAAATGATGTGTTAATG------TATTATAAAATATT 824

Zea              TTCT------TGCTTG---AAT--------TGTCTTAATG------GACAATA------- 784

Arabidopsis      ----------CAACTG---AAT--------CGTTTACACGAT----GAC-ATAAGGAGAT 761

Ipomoea          CTCATCAAGGTGCCCG---AGT--------TTCTTTAATCTCGTGGGATAAAATAATGCT 423

Solanum          ----------TGCTTGTCAGGT--------TGTCTT-ATG------AATTATGG------ 583

                                *                  *  *         *  *         

Jatropha         AAGGGCCCCTTCTCTCCACCGAGCTGTTCACAGGTTGTCTGCA------CTAGTGTGTGC 878

Zea              --------CTCATCTGCGCGGGTTTGTTTTCGGGCTG----------------------- 813

Arabidopsis      GAACCAGTTCCAGCTCAGCT--TTTGTTTTAAGGTTGTCTGAAACAAACTTACAGTGTCT 819

Ipomoea          AAGTTAACTTTGCTTCGGCTT-TCTGCTGAACTGTTGT-------------------TGC 463

Solanum          --------------TAGG--GATCATTTTTGGGATTAT---------------------- 605

                               *            *       *                        

Jatropha         TTTTGTTCATTTCTTCTTTGTCAGTC--------CTATCATGGAACATATTGCTCT-TGA 929

Zea              -TTTGACCAT-----------------------------GTGAAATAAA---------GA 834

Arabidopsis      CTTTGGTTTTTAAGATTTGCTCAACT--------CAGCTGTGTGGTACGTTGTTTTACAA 871

Ipomoea          TTCTGTTTTCTGTGTAGTGGTAAATAAATTGTTGTATTTGTGAATTTTGTTGCTTT-TAG 522

Solanum          -TTTGTTCTT-----------------------------GCAGGACCCTTTGGTTTCTAA 635

                  * **                                                       

Jatropha         TGTC------CTGTTATATGGATCTTCTAATAACAACAATT----------TGGGCACTA 973

Zea              TGGA------CT----TGTGTACCTGC--------------------------------- 851

Arabidopsis      TGAAAGTTTTSAAGAATAAAAATTTGCTATTATTGTCAG------------AAAGCGCTA 919

Ipomoea          CACACTGTCACTGTGATGTGAAACTTATCACTTCAACAGAGTTAAAATTGAAAAATGCAG 582

Solanum          AGGA-------------GCAAATTTGGTACCTCTTATGGGT---------ATAGACGTTT 673

                                      *  *                                   

Jatropha         GATTTTATTCAAAAAAAAAAAAAAAAAAAAA 1004

Zea              -------------------------------

Arabidopsis      TTGTTTATTCT-------------------- 930

Ipomoea          GAGTTTTTCTGCT------------------ 595

Solanum          GGGAACACGCAT------------------- 685

Figure 3. Nucleotide sequence alignment of the Mn-SOD gene from different species using Clustal W. Representative plant species are Jatropha 
curcas (JF509743.1), Ipomoea batatas(L36676.1), Solanum bulbocastanum (HQ856192.1), Zea mays (L19462.1), Arabidopsis thaliana (AY085319.1). 
Degenerate primers (Table 1) for real time PCR were designed from sequences shaded in yellow.

Figure 4. SOD activity in crude extracts of I.carnea. (A) as a function of 
increase in protein concentration (B) specific activity of the protein in 
terms of Units of SOD activity/ mg of protein.



Purification and quality detection of total RNA

Real time PCR analysis and quantification of 
relative gene expression 

Figure 5. Purification of total RNA and reverse transcriptase PCR. (A) 
Resolution of total RNA on formaldehyde agarose gel. (B) PCR of the 
corresponding cDNA using 18s rRNA and CuZn-SOD primer and (C) 
Fe-SOD and Mn-SOD. Sequence of representative cDNA from A-F is 
root, leaf, apical bud, lateral bud, stem and petal.



Discussion

Figure 6. Relative quantification of SOD expressions in different organs 
of I.carnea. Quantification of gene expression was evaluated by taking 
the amount of expression in root as unity and expressed in terms of 
fold change. (A) CuZn-SOD (B) Fe-SOD (C) Mn-SOD.
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