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ABSTRACT  /pomoea carnea (. carnea) has unique biological features for the study of cellular KEY WORDS
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 /. 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

differential expression
Ipomoea carnea

real time PCR
superoxide dismutase

expression of the protein isoforms depend upon local accumulation of superoxide.
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Superoxide dismutase (SOD, EC 1.15.1.1) in plant, a key
enzyme in reactive oxygen metabolism, catalyzes the dismu-
tation of O, -, forming molecular oxygen and H,O, (Fridovich
1975; Bannister et al. 1987). The H,O, thus produced is
quickly scavenged by catalase and peroxidase group of en-
zymes present in the plant cell (Murai and Murai 1996). The
individual member of protein in this group is characterized on
the basis of the metal ion cofactor they harbour, and as such
four different classes like CuZn-SOD, Mn-, Fe-, and Ni- have
been reported to date. In higher plants, distinct immunologi-
cally distinguishable CuZn-SODs remain distributed in cy-
tosol, chloroplasts, peroxisomes, and in extracellular space.
Mn-SOD is housed in mitochondria. Further, the distribution
of cuprozinc and mangano SOD in mitochondria is restricted
respectively to inter-membrane space and the mitochondrial
matrix (Salin and Bridges 1981). The chloroplast, which is
devoid of mangano SOD (Salin and Bridges 1981), harbours
Fe-SOD in addition to cuprozinc SOD. Ni-SOD has not
been reported from plants (Alscher et al. 2002). Based on
the criteria of amino acid sequence, spectral characteristics,
and three dimensional fold, CuZn-SODs are believed to be
evolutionary distinct from Mn and Fe containing SODs (Perry
et al. 2010).
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Exposure to photo-inhibitory light condition, ozone fumi-
gation, ultraviolate-B radiation or other environmental biotic
and abiotic stresses, including metal toxicity impose oxidative
stress with steady formation of O, ~ in plants (Kliebenstein
et al. 1998). Nevertheless, expression of different iso-forms
SOD can also vary in different tissues depending on the local
accumulation of O, . The existence of three different iso-
forms of SOD (CuZn, Mn, and Fe), each of which is typically
encoded by small but distinct gene family, further complicate
the situation as regard to their specific role in view of tissue
localization (Alscher et al. 2002), and more importantly the
specificity of metabolic activity endowed by the tissue.

To date, the protective role of SOD in plants has been
explored mainly by transgenic approaches, primarily through
over-expression or by correlation of SOD expression in dif-
ferent stress condition (Gupta et al. 1993). However, the fac-
tors which controls the expression of particular iso-forms of
SOD in specific tissues along with its metabolic specificity
is still an enigma.

Ipomoea carnea (morning glory), subsp. fistulosa (Jacq.)
is a toxic weed found abundantly in many tropical countries
including India. Presence of various nortropane groups of
alkaloids in different organ of plants are identified as po-
tent toxic compound (Ikeda et al. 2003; Hueza et al. 2007).
Recently, the plant has also gained much attention due to
its suitability in phyto-extraction of cadmium (Cd) from
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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) T,
18sF AK059783 GACTACGTCCCTGCCCTTTGTACAC 128 60°C
18sR AGGTTCAATGGACTTCTCGCGACGTC

Cyt CuZn SOD F JQ906095 CGGGCCTTCAAACCTGGTCTT 254 60°C
Cyt CuzZn 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

soil (Ghosh and Singh 2005). The excess of Cd in plant tis-
sue can stimulate the formation of reactive oxygen species
(ROS), disturbs the cellular redox balance, suppresses cell
expansion, and leads to significant accumulation of H,O,,
which causes hardening of the cell wall and also activate the
formation of phytochelatins and metallothioneins (Metwally
et al. 2003; Gill et al. 2013). These cellular events can lead to
reprogramming of the antioxidants system in plants, in order
to cope with the oxidative stress caused due to the heavy
metal toxicity. It is also believed that, SOD plays a dual role
in preventing metal toxicity by cleaning the O, ~ radical and
preventing the accumulation of free metal (Okamoto and
Colepicolo 1998).

Although, SOD has been extensively studied for their role
in stress tolerance, development and morphogenesis, organ
and tissue specific expression of the different iso-form is
lacking in the literature. The objective of the present report
is to evaluate the organ specific activity of SOD in a cad-
mium tolerant plant; Ipomoea carnea (I.carnea) and further
extended to mRNA quantification of Fe, Mn and cytosolic
CuZn-SODs. The study also describes a modified method
for isolation of high quality total RNA from the plant rich in
alkaloids and phenolics.

Materials and Methods
Plant material and reagents

Plant material /. carnea was collected from the Institute of
Life Sciences campus, Bhubaneswar, India and washed thor-
oughly with distilled water before use in the experiments.

Unless mentioned, all analytical grade reagents were pro-
cured from Sigma. Taq DNA polymerase was obtained from
Promega while AffinityScript QPCR cDNA synthesis Kit
was from Stratagene. For real time PCR QuantiTect SYBR
Green PCR kit from Qiagen was used. All the oligonucle-
otide primers used in this study were obtained from Ocimum
Biosolution, India.
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Preparation of crude extract

Crude extract from different organs of mature /. carnea plant
(200 mg) at flowering stage were prepared by homogenizing
in liquid nitrogen and then suspended in 1 ml of ice cold
50 mM K-PO, buffer (pH 7.8) containing 0.1 mM Phenyl-
methanesulfonyl fluoride (PMSF), 8% (w/v) polyvinylpoly-
pyrrolidone (PVPP) and protease inhibitor cocktail (Roche).
The homogenate was then centrifuged at 15,000 x g for 30
min at 4°C and the supernatant was used for SOD activity
assay. The protein concentration was measured following
modified Bradford assay (Zor and Selinger 1996).

SOD activity assay

Spectrophotometric assay of SOD activity was carried out
by following (Beauchamp and Fridovich 1971). Assay were
performed in a reaction mixture containing 50 mM potassium
phosphate buffer (pH 7.8), 1.33 mM Diethylenetriamine pen-
taacetic acid (DTPA), and 2.45 mM Nitro blue tetrazolium
salt (NBT), 1.8 mM xanthine and a suitable concentration
of xanthine oxidase (till a linear curve with a slope of 0.025
absorbance per min in time scan was obtained). One unit of
SOD activity was defined as the amount of protein which
produced one half of the maximum competition against NBT
in the specified system. The final activity was recorded after
deducting out the non-specific SOD like activity produced
by many low molecular compounds (Yamahara et al. 1999;
Sharma et al. 2004). This was achieved by measuring the
activity in samples following heat inactivation of protein
(95°C for 20 min).

All assays were done using three different crude extract
preparations and five different concentrations of proteins were
used and data are the means of three replicates.

RT- PCR primer design

The sequences of the primer used in this study are given
in Table 1. Rice 18S rRNA (AK059783) was used as the



housekeeping genes as an internal control. In order to am-
plify shorter fragment of 1. carnea SODs, internal primers
were designed on the basis of homology based nucleotide
sequence alignment (Fig. 1-Cytosolic CuZn-SOD, Fig. 2-
Fe-SOD and Fig. 3-Mn-SOD) using ClustalX (Larkin et al.
2007) taking selected plant species for each class of SODs
and degenerate primer pairs (Table 1) were designed from the
most conserved sequence (shaded with yellow region, Fig. 1,
2 and 3). Annealing temperature of all the primers was kept
constant at ~ 60°C.

Isolation of total RNA and cDNA preparation

Isolation of total RNA from different organs of L. carnea
was carried with some modifications from the protocol
described by Natalia et al.,(Kolosova et al. 2004). Prior to
isolation of RNA, all the plant material were kept in 0.1%
Diethyl pyrocarbonate (DEPC)-treated water for 30-60 min.
Since the plant is rich in phenolic and alkaloid compounds,
concentration of PVPP was increased to 8% (w/v) in the
extraction buffer [200 mM Tris-HCI, pH 8.5, 1.5% lithium
dodecylsulfate, 300 mM LiCl, 10 mM disodium salt EDTA,
1% (w/v) sodium deoxycholate, 1% (w/v), Nonidet P-40
(NP-40)]. 5 mM thiourea, 1 mM aurintricarboxylic acid, 10
mM dithiothreitol, and 2% (w/v) PVPP were added to the
extraction buffer just before use.

Plant tissue (1 g) was grounded to fine powder in liquid
nitrogen using a mortar and pestle and the powder was
transferred to a 50-mL polypropylene tube. 20ml of extrac-
tion buffer per gram tissue was added and vigorously shaken
to uniformly suspend the sample. The suspension was then
frozen at -80°C for 1 h and the extracts were centrifuged at
5000xg for 30 min at 4°C. One-thirtieth volume of 3.3 M
sodium acetate (pH 6.1) and 0.1 volume 100% ethanol were
added to the supernatant, and the mixture was chilled on ice
for 10 min to precipitate polysaccharides. Polysaccharides
were pelleted by centrifugation at 5000xg for 30 min at 4°C.
In order to precipitate nucleic acids, one-tenth volume of
3.3 M sodium acetate and 0.6 volume of ice-cold isopro-
panol were added to the supernatant, and the solution was
left at -80°C for 1 h. Nucleic acid pellets were collected by
centrifugation for 45 min at 5000xg at 4°C. The supernatant
was removed, and the pellet was resuspended in 2 mL of TE
((10 mM Tris-HCl, pH 8.0, 1 Mm Ethylenediaminetetraacetic
acid (EDTA)) and 2 mL 5 M NaCl and kept on ice for 30 min
with periodic vortex mixing. The samples were mixed with
4 mL of 10% Cetyltrimethylammonium bromide (CTAB) at
room temperature, vortex mixed, and incubated for 5 min
at 65°C to remove residual polysaccharides. Mixtures were
then extracted twice with an equal volume of chloroform/
isoamylalcohol (24:1, v/v). One-fourth volume of 5 M LiCl
was added to the supernatant, mixed, and kept at 4°C over-
night. RNA was pelleted by centrifugation at 5000xg for 30
min at 4°C. The supernatant was poured off, and the residual

Analysis of superoxide dismutase gene expression

CLUSTAL 2.1 multiple sequence alignment-Cytosolic CuZn-SOD

Ipomoea ATGGTGAAGGCTGTCGCAGTTCTTAGC: 'GAAGGTGTCAGCGGCACCATTTTCTTC 60
Populus AGGCTGTAGCTGTTCTTAATAGCAGTGA! ACCATCTTCTTT 60
Oryza ATGGTGAAGGCTGTTGTTGTGCTTGGTAGCAGTGAGATTGTTAAGGGCACTATCCACTTT 60
Malus TGCTGTTCTCGGCTCC GTTAAAGGAACCATCAGCTTT 60
Arachis
Brassica ATGGGCAAGGGAGTGGCAGTCTTGAACAGC GGGGACTATCTTTTTC 60
Ipomoea AGCCAAGAAGGAGATGGTCCAACCACAGTCACTGGAAACGTTTCGGGCCTCAAACCTGGT 120
Populus ACCCAAGAAGGAGATGGCCCAACTACTGTAACTGGAAACCTTTCTGGTCTTAAGCCAGGC 120
oryza GTCCA CCACCACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGT 120
Malus GTCCAGGAGGGAGATGGCCCAACTACTGTGACTGGAAGTGTCTCTGGCCTCAAGCCTGGA 120
Arachis ----AGGAAGGAAATGGTCCAACCACTGTGACTGGAAATCTTGCTGGCCTTAAGCCTGGT 56
Brassica ACCCAGGAAGGAGACGGTGTGACCACTGTGACTGGAACAGTTTCTGGACTTAAACCTGGT 120
KKK KKK K Kk Kk KK KK kkkkkkk Kk Kk Kk Kk KK KK
Ipomoea CTTCATGGCTTCCATGTCCATGCCC ACAACAA ATGTCTACTGGA 180
Populus CTTCATGGCTTCCACGTCCATGCCCTTAGAGACACCACAAATGGCTGCATGTCAACTGGG 180
Oryza CTCCATGGGTTCCATATTCATGCAC! ACCACCA. ATCTCAACTGGG 180
Malus CTTCATGGTTTCCATGTCCATGCTCTTGGAGACACAACAAACGGTTGCATGTCAACTGGG 180
Arachis CTTCATGGGTTCCATGTCCATGCCCTTGGAGACACCACAAATGGTTGCCTGTCAACTGGA 116
Brassica CTAC TTCCATGTCCATGCTC ACCACTAACGGTTGCATGTCCACCGGT 180
Kk kkkkk kkkkk ok kkkkk Kk Kk kkkkk kk Kk Kk kkk Kk Kk KX kK
Ipomoea CCACATTTCAATCCTGC 'TCC' 'GATAACCGCCATGCC 240
Populus CCGCATTTTAATCCT! AAGGA! CCC' ATCGTCATGCT 240
Oryza CCACACTACAATCCTGCCH AAGGA ACCAGA CCGCCATGCT 240
Malus CCACACTTCAATCCTGCT ARAAGA CCCTGA TTCGCCATGCT 240
Arachis CCGCATTTCAATCCTAACAACAAGGAGCATGGTGCCCCTGAAGATGAGAACCGCCATGCT 176
Brassica CCACATTTCAACCC! AACAACACGGTGCCCCTGAGGATGCTAATCGTCATGCT 240
Kk kk ok kk kK kK kk kk Kk Kk K Kk * Kk KkKRK
Ipomoea TTGGAAACATCAC! TGCTT-CATTCACCATCACTGA 299
Populus GGTGATCTGGGAAATGTCACTGTTGGTGATGATGGCACTGCTA-CTTTCACAATCATTGA 299
Oryza GGTGATCTTGGAAATGTCACCGCTGGAGAAGATGGTGTTGCTAATATCCATG-TTGTTGA 299
Malus GGCGATCTTGGAAACATCACTGC GATGGAACTGC-AACCTTCACGATTGTTGA 299
Arachis GGTGATTTAGGAAATGTTAATGTTGGAGATGATGGAACTGTTAGC-TTCTCCATTTCCGA 235
Brassica GGCGATCTAGGAAACATCATTGTTGGAGATGATGGAACTGCCA-CCTTCACAATCACTGA 299
Kk kkk ok kkkkk ok ok k Rk Kk kkkkk Kk * x * ok
Ipomoea CAAGCAGATTCCGCTTACTGGAGCAAATTCTGTTATT AGA( TTGTTGTTCATGG 359
Populus CAAACAGATTCCTCTTACTGGACCACATTCCATTATTGGAAGGGCTGTTGTTGTTCATGG 359
Oryza CAGTCAGATTCCACTTACTGGACCAAATTCAATCATTGGCAGAGCCGTCGTTGTGCATGC 359
Malus CAAGCAGATTCCTCTCGCTGGACCACACTCTATC TGT CACGC 359
Arachis CAGTCAGATCCCTCT CAAACTCCATTGTT Al TGT CATGC 295
Brassica CTGCCAGATTCCTCT CAAACTC! TGT A 'GTTGTT CACGC 359
K kkkkk kk Rk kkk  kk K Kk ok k kk Kk kk kk kkkkk Ak ok
Ipomoea TGATCCCGATGATCTTGGTAAAGGTGGCCATGAGCTCAGCAAAAGCACTGGAAATGCTGG 419
Populus AGATCCTGATGATCTTGGCAAGGGAGGACATGAACTCAGCAAAACCACCGGTAATGCTGG 419
Oryza CGATCC' 'TT A GGGCACGAGCTGAGCAAGACCACCGGAAACGCTGG 419
Malus AGACCCTGATGACCTTGGCAAGGGTGGACATGAGCTTAGCAAATCCACAGGAAATGCTGG 419
Arachis TGATCC! T A ATGAGCTTAGCAAATCCACTGGAAATGCTGG 355
Brassica AGACCC CTC] A 'CATGAACTCAGCTTGGCTACCGGAAATGCANG 419
Kk kk kkkkk Kk K kk Kk Kk Kk Kk kk kkk Kk kK Kk Kk K
Ipomoea c CTGCGGTATCATTGGCCTGC! TAA 459
Populus CGGC: ATGC TAT TGCA. TGA 459
Oryza TGGCCGTGTTGCTTGCGGGATCATCGGACTTCAAGGCTGA 459
Malus TGGC: 'GGCTTGC 'TATTGGTCTGCA. 459
Arachis TGGC: TATTGGTT AAGGCTAG 395
Brassica TGGCCH TGCT TATTGGTCTTCANGGCTAA 459

Kk Kk kK Kk Kk Kk kk Kk Kk Kk Kk Kk K

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.

liquid was carefully removed with a pipet. The RNA pellet
was dissolved in 1 mL TE buffer and 0.9 volume of chilled
isopropanol and 0.1 volume of 3.3 M sodium acetate were
added, followed by precipitation at -80°C for 1 h RNA pel-
lets were collected by centrifugation in a microcentrifuge at
16,000xg at 4°C for 30 min, washed twice with 200 pl of 70%
ethanol, and collected by centrifugation at 16,000xg at 4°C
for 20 min. Pellets were dried at room temperature, and RNA
was resuspended in 200 pl of autoclaved DEPC-treated water.
The quality and quantity of the isolated RNA were verified
by 1% formaldehyde denaturing agarose gel electrophoresis
and spectrophotometry.
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CLUSTAL 2.1 multiple
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Arabidopsis
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Glycine
plumbaginifolia

Arabidopsis
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plumbaginifolia

Arabidopsis
Brassica
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Arabidopsis
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Arabidopsis
Brassica
Jatropha
Glycine
plumbaginifolia

sequence alignment Fe-SOD Arabidopsis
Brassica
Glycine
AGCAACAACTACTACAGCCACCTCACTAACCTGTGCACTTTTTCCCCGCC T 60 plumbaginifolia
Arabidopsis
Brassica
AAAAGAGAAAT- -GGCTGC 18 Jatropha
TAGTCGAACAACTAGTGCCTTCAAAT! ACGTC; AGACTGG 120 Glycine
AAAGAGGGTC-—-—— 14 plumbaginifolia
_____ ACTACGTCCTCAAGCCACCTCCATTCGCAC TTT 42 Arabidopsis
TTCAGCTGCTGTAACCGCAAACTACGTCCTTAAGCCACCTCCATACCCTCTGGATGCTTT 78 Brassica
TCCTGC ACTGCAAAATT 'TGAAACCTCCTCCATATCCCC' ATT 180 Jatropha
————— CAAAAGTCAATGCAAAGTTCGAGCTGAAGCCGCCACCATATCCACTGAATGGTTT 69 Glycine
plumbaginifolia
GGAGCCGC AAACAAACTCTGGAGTTTCACT ACATCACAGAGCTTA 102 Arabidopsis
GGAGCCGC AAACAAACTC TTCACT ACATCACAGAGCTTA 138 Brassica
GGAGCCAC AAGGATACCC Ci AGCATCACAGGTCTTA 240 Jatropha
GGAGCC! AT CAGCAGACACTTGAGTTTCACT ACCACAAGACTTA 129 Glycine
TGAATTCCACT ATCACAGGGCTTA 33 plumbaginifolia
B T ——
CGTGGACAACCTCAAGAAACAGGTTCTTGGAACCGAGCTTGAAGGCAAGCCCTTAGAGCA 162 Arabidopsis
TGTGGACAACCTCAAGAAACAGGTTCTTGGATCCGAGC AAGCCC A 198 Brassica
TGTGGATAACTTGAACAAGCAA. ACAGAAC! TTGCCGCTAGAAGA 300 Jatropha
TGTGGAAAATCTGAAAAAACA. TGT AGAGC! ACTAGAAGA 189 Glycine
TGTCGACAATTTAAACAAGC: 'GGAACAGAAC' AGACAC' 93 plumbaginifolia
Kk kk Ak ok Ak kR Ak ok Kk ok kk Kk Kk Kk ok ok Ak *
CATTATCCACAGCACTTACAACA TCCTCCCTGCTTTCAACAACGCTGCTCA 222 Arabidopsis
TATCATCCAAAACACTTACAACAACGGCGACCTACTCCCTGCTTTCAACAACGCTGCTCA 258 Brassica
TGTTGTAATTGTTACTTACAATAA. TCTTCCAGCTTTCAACAATGCTGCGCA 360
ATTAT ACATCATACAATA ATTCTTCCAGCTTTCAACAATGCAGCACA 249 Glycine
CATAATACTTGTTACGTATAACAAAGGTGCTCCCCTCCCAGCATTCAACAATGCTGCTCA 153 plumbaginifolia
* K okE Kk Kk Kk K Kk kk Ak KRRARRAR Kk Kk Ak
GGCGT CACGAGTTCTTC AATGAAACC! ACCATC 282 Arabidopsis
GGCATGGAACCACGAGTTCTTCTGGGAATCAATGAAACCAGGTGGTGGTGGAAAACCATC 318 Brassica
GGCCTGGAACC] TTT! AACC] AACGATC 420
CATGACTTCTTC ATGAAACC] AAGCCATC 309 Glycine
GGCCT ATC TTTTCTGGGAATCAATGAAGCCCAACGGAGGAGGAGAGCCATC 213 plumbaginifolia
B e Kk Kk kK K K KA
TTCTTGCTTTGCTTGAA. TCACTTC TATGAAGA 342 Arabidopsis
TTCTTGCTCTGCT TCACTTCTTATGAG TTTAT! 378 Brassica
AGGAGAGCTTCTGCAATTAATTGAAAGAGACTTTGGTTCCTTTAMAMTTTGTGGMGA 480 Jatropha
TTCTAGAAC' AAGAGACTTTGGTTCATT AAATTCCTTGATGA 369 Glycine
TGGTGAATTACTAGAACTAATCAACAGAGACTTTGGTTCCTATGATGCATTTGTTAAAGA 273 plumbaginifolia
Kk Ak ok Ak kK kkkkk Kk KRk kX *x * *x
GTTCAATGCTGCTGCAGCCACTCAGTTTGGAGCTGGCTGGGCCTGGCTTGCTTAT--~TC 399 Arabidopsis
GTTCAATGCTGCTGCTGCCACTCAATTCGGAGCTGGCTGGGCCTGGCTTGCTTAC---GC 435 Brassica
ATTTAGGTCAGCTGCAGCTACACAGTTTGGATCTGGATGGGCTTGGCTTGCATATAAARGC 540 Jatropha
GTTCAAGGCTGCTGCTGCAACACAATTTGGTT TTGGCTAGC: 429 Glycine
ATT AGCTGCGGCAACACAATTTGGCTC CTGGCTCGCATACAAACC 333 plumbaginifolia
Kk ok ok kAR Kk Kk Kk Kk KRk Kk KRKkR KkKAR Kk Ak *
T 411 Arabidopsis
AGATA AAACT 447 Brassica
AAATAGGCTCAATGTCGAAAATGCAGTAAATCCTCGCCCGTCAGAAGAGGACAAAAAGCT 600 Jatropha
AAGAAA AAATCCTCCTTCACCC AACAAGCT 489 Glycine
TGA! AAAGCT 348 plumbaginifolia
* kk Kk

CAAAGTAGTGAAAACTCCCAATGCTGTGAATCCCCTTGTGCTCGG---CTCTTTCCCATT
CAAAGTAATGAAAACTCCAAATGC! CCCTTGTGCT ~~--TTCTTTTCCATT
TGT CCAATGC 'CCAC 'TACTCTCCACT
AGTGGTGCTCAAGAGTCCCAATGCTGTGAACCCCCTTGTTTGGGGAGGTTACTACCCACT
TGCC AACTCCCAACGCTGAARATCCTCTTGTTTTGGG- - -TTACACACCGCT

Kk Kk K KKk Kk KRKE Kk Kk KkkER * * *x x

GCTTACCATTGATGTCTGGGAGCATGCTTACTACCTTGACTTCCAGAACCGAAGACCAGA
GCTTACCATTGATTTTTGGGAGCACGCTTACTACCTCGACTTCCAGAACCGCAGACCGGA
CCTTACTATTGATGTCTGGGAGCATGCTTACTACCTTGACTTTCAGAATCGACGGCCTGA
TCTTACCATTGATGTTTGGGAGCATGCTTACTACCTTGATTTTCAGAACCGGCGTCCTGA
CCTCACCATAGACGTTTGGGAGCATGCTTACTATCTGGACTTTCAGAACCGGCGGCCTGA

Kk ke kk kk Kk kkkkkkkk kkkkkkkk kk Kk kk kkkkk Kk K Kk Kk

TTACATAAAGACATTCATGACCAATC! A CAGACTTGA

TTACATAAAGACATTCATGAACAATCTTGTGTCTTGGGAGGCTGTTAGTTCCAGACTTGA

T AACC' A AGC 7y

T TGTTTCC TCTAGACTTGA

CTACATATCTATCTTTAT TCGTGTC N’""CAGTTCTAGGCTTAA
ok kkk *k kk Kk kk Kk kk Kkkkk Kk Kk Kk Kk kK

GGCCGCCAAGGCT 'TTCTGCTT: CAAAT---TTCTGAACAA--T
GGCTGCCAAAGCT-~~-~~~ TTCTTCCTGAGTCATCATC: GGACCAAAAT
AGCTGCARAGAC! ~=--AAAGCTGC: AAR
ACAAGCTAAGGCTTTAATTACCAGTGCATGATGCTGAATTAAATGCAGAATAAGTGATTT
AGCAGCAACAGCTTGA---GCTGCTTAGCGAG- - AGAA AAAT
T * * * *

TTGACTTCAGTGACAGTGAGT---~--~-TCT---GCATCA--CCGAA--GTCTCTTAAT

CTGACTTCAGTTGT-GTATAT- - - -----TAT---GCATTA--CTGAA--GTTTCTTAAT

C- CAG---GCAGC: 'TGCAGAGT

ATCC AT T GTCATGC ATTATT

CTAGCAGGCAC! AGA TTTT ACTATTT

* * % % *

AAA GCTGT AC TCTC! TG
AAAATATTGGTCGCGGT -

k% * * *

--ATGTGTCACAGAGTT---CTTCAT -TTT---GCTTG
~=-ATGTCTCATCGAGTC---TTTCAT ~CT----GTTTC
c T 'T -~ ~TTTCAC 'CAA

TGGTATCAGGGCT-. AAATCTCAGATTATTATGTTCTATGGTTAGAAATCTTA— --GTTAT
TGTGCACTTTAC!

---CTCTGT. TTT
* * * * *

TGTAATGAACAATTAAACATGCTCTTTTC- 'GTGCGTTTTGTGTGTGTCAAA
TTAC TT
~TCTGTAT-TAC!
- TCTCTTTGTGTGACAATGTGAACAATA -~~~ --~~ AGA
TGT TCTGTTCTTTAGCAGC! AAA
Xk k% % *
TTTTTCAT-C----GTCTCCTTTATTAA: TC T
AACTACC T
T---GTGAAC
TTGCTTATGC AAAATA
TAATTCAAGT ARATCTATTGCAC
* * * *
c 845
980
TATGGTGTAGAGCCTTTTCATATAA---- 980
TTTGGTGCCC! TTAGAAT 869
* krERE KRk kAR

468
504
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549
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528
564
717
609
465

588
624
777
669
525

630
678
830
729
580

675
722
872
781
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716
763
913
833
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748
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939
889
738

807
812
955
922
780

844
837
979
955
840

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.

First-strand cDNA from 200 ng of total RNA was synthe-
sized using AffinityScript QPCR cDNA Synthesis Kit follow-
ing manufacturer’s instruction using equimolar (10 pmole)
concentration of oligo(dt) and random primer. In order to
assess the integrity of cDNA prepared, Reverse transcription-
polymerase chain reaction (RT-PCR) analysis was performed

taking 18s and SOD primers (Table 1).

Real-Time PCR analysis

Real-Time PCR reactions were performed in using Quanti-
Tect SYBR Green PCR to detect dsSDNA synthesis. Reac-
tions were done according to kit instruction in 25 pl volumes
containing 10 pmole of each primer and 50 ng of starting
RNA. Three replications were done for each gene analysis of
Real-time PCR. Dissociation curves for each amplicon were
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then analyzed to verify the specificity of each amplification

reaction.

Relative gene expression data were analyzed using real-
time quantitative PCR by 24T method (Livak and Schmit-
tgen 2001). Expression levels (fold change) were determined
as the number of amplification cycles needed to reach a fixed
threshold in the exponential phase of the PCR reaction (CT).
To assess the sensitivity and amplification efficiencies of the
method three different template dilutions were checked. The
amount of target were normalized to the housekeeping refer-
ence (18s rRNA) and used for 24T calculation.

For relative quantification, expression of all the SOD
isoform in root was taken as unity for fold change calcula-

tions.
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CLUSTAL 2.1 multiple sequence alignment Mn-SOD

Jatropha --CGGGCTCTTT-CACTC-CCTACACTATTCGACTC-CTGT---CGA-~-~--~-=~ CGAA 43 Jatropha GTTGAGACAACTGCAAACCAGGACCCATTG-GTAACTAAAGGACCAACTTTAGTTCCTTT 627
Zea CACACACTCCGCATACGCACCTAC ‘GAGCGAGCGAGCGAA 60 Zea GTTGAAACTACAGCTAATCAGGATCCTCTG-GTGACTAAAGGTGCAAGCTTGGTTCCGCT 632
Arabidopsis ---GCGACCACTAGA AACAAATCTTCAT: TCCA 35 Arabidopsis GTTGACACAACTGCCAATCAGGATCCATTA-GTGACAAA CTCT 601
Ipomoea Ipomoea GTTGAAACCACCCCAAATCAGGACCCTTTG-GTTACTAAAAATCCAAACAAGGTTCCTCT 203
Solanum 1 Solanum ACCGGTCCT: TTAGA ATTTCCCCACCTC----CTTGGT----CT 424
* *k ok * ok % *k *
Jatropha TCAATGGCTCTCCGTTCTCTGGCCACCAGAACCGCCCTAGGCGCCGCTGTCAAGGCGGAT 103 Jatropha GCTTGGCATT--GATGTTTGGGAGCATGCATACTA--CTT--ACAGTACAAGAATGTCAG 681
Zea GCCATGGCTCTCCGCACCCTGGCATCGAAGAACGCCCTATCCTTCGCGCTC - 118 Zea GTTGGGGATT--GATGTCTGGGAACATGCGTACTA--CCT--GCAGTACAAGAATGTTAG 686
Arabidopsis GCAATGGCGATTCGT AAAACCCTAGCCG----GCTTGAAGGAGAC 91 Arabidopsis GGTGGGTATA--GATGTTTGGGAGCACGCCTACTA--CTT--GCAGTACAAAAATGTGAG 655
Ipomoea Ipomoea ACTGGGCATA- -GATGTTTGGGAACATGCGTACTA--CTT--ACAGTACAAGAATGTGAG 257
Solanum GACARAGAGCTTAAGCGCCTGGTGGTTGAAACCACTGCA- === ===========—=—-~— 40 Solanum G-TCAGCATTCTGCAGTCTAC-ATCATAYGGCCCAGGCTTCAACTGTAGATAGGTCTTAT 482
Kk Kk K Kk kK kK Kok ok ok k kkk K * ok
Jatropha TCTAATCTTTTCCTAGGC AGTCAACTTC AAACCTTCTCTCTC 163 Jatropha ACCTGATTATCTAAAGAACATATGGAAGGTAATAAATTGGA--AGTATGCAAGTG-AAGT 738
Zea —--CGGCCCGGCCGTCGGC: TCCGCH GACGGTCGCGCTC 168 Zea GCCGGATTACCTGAACAACATCTGGAAGGTGATGAACTGGA--AATATGCTGGAG-AGGT 743
Arabidopsis ATCATCGAGGCTATTGA A ~=-TCA. AGACTTTTACGCTT 137 Arabidopsis GCCTGAGTATCTGAAGAATGTATGGAAAGTGATCAACTGGA--AATATGCAAGCG-AGGT 712
Ipomoea Ipomoea GCC 'TACTTGAAGA A, ACTGGA--AATATGCATGTG-AAGT 314
Solanum ---AATC: T TGCATGTTC 63 Solanum TTT TTTGACAATCCTTTT ATAAGAACGTTGGCATATGC 542
* Kk kK k% *  x P T I B I T S
Jatropha CCCGATCTTGCCTACGACTATTCAGCTCTTGAGCCCH TAGTGCCGAGATAATGCAG 223 Jatropha GTA-----=--=--——————m oo TGCAAATGAATGCCCTTCAGCTTAGAGCGCTCACCA 777
Zea CCCGACCTCTCCTACGACTTCGGCGCGCTGGAGCCGGTCATCTCGGGGGAGATCATGCGC 228 Zea GT: GAAAAT! 754
Arabidopsis CCTGATCTTCCTTACGAT" ‘GCATTGGAACCGGCC ATGCAG 197 Arabidopsis TTA TGAGAAGGAAA 727
Ipomoea Ipomoea TTACCAACAATTTACACCATTGCCTGCAAGCAGAGACTGATCAGACCAGGTGATCCAACA 374
Solanum T---ATTTATCCTA ATGA -ATGT-T 94 Solanum TTT TGCAATAGT 554
* * *
Jatropha CTTCATCACCAARAGCACCACCAGACTTATATTACTAACTATAATAAGTCTCTTGAGCTG 283 Jatropha ATGATTG---AAATAAA TAT AAATATT 824
Zea CTGCACCACCAGAAGAACCACGCCACCTACGTCGTCAACTACAACAAGGCGCTTGAGCAG 288 Zea 784
Arabidopsis ATTCATCACCAGAAGCATCACCAGGCTTATGTTACTAATTACAATAATGCTCTTGAGCAG 257 Arabidopsis 761
Ipomoea Ipomoea 423
Solanum CTATTTATCCTAAATTAATAGATAGCTGAG--CATCATCTTCAACAAG----—-—--=--~— 140 Solanum —------oo 583
* x
Jatropha CTCAATGAAGCTATGAATAAGGGGGACTCTGCTTCT--GTTGTCAAGTTGCAGAGCGCCA 341 Jatropha AAGGGCCCCTTCTCTCCACCGAGCTGTTCACAGGTTGTCTGCA-——~—— CTAGTGTGTGC 878
Zea ATCGACGATGTCGTCGTCAAGGGCGACGACTCCGCT--GTCGTCCAGCTCCAGGGCGCCA 346 Zea - ~CTCATCTGCGC! TTGTTTTCGGGCT 813
Arabidopsis CTTGATCAAGCTGTGAACAAGGGAGATGCTTCCACT--GTTGTTAAGTTGCAGAGCGCCA 315 Arabidopsis GAACCAGTTCCAGCTCAGCT--TTTGTTTTAAGGTTGTCTGAAACAAACTTACAGTGTCT 819
Ipomoea Ipomoea AAGTTAACTTTGCTTCGGCTT-TCTGCTGAACTGTTGT TGC 463
Solanum ----- TGAAGTT-——-——=—==—~ GATTCCTCCACTTTGTTGCCTTGACTTAGAGGTTAA 183 Solanum —-----------oo TAGG--GATCATTTTTGGGATTAT - -~ ~~-——=======—==—=-=-— 605
* * *
Jatropha TCAAGTTCAATGGTGGAGGTCATATCAACCACTCCATTTTCTGGAAGAATCTCGCCCCTG 401 Jatropha TTTTGTTCATTTCTTCTTTGTCAGTC-~———-—~ CTATCATGGAACATATTGCTCT-TGA 929
Zea TCAAGTTCAACGGCGGCGGTCATGTGAACCATTCAATCTTTTGGAAGAACCTCAAGCCTA 406 Zea -TTTGACCAT TGARATAAA. A 834
Arabidopsis TCAAATTCAACGGCGGAGGTCATGTCAACCATTCGATTTTCTGGAAGAACCTTGCTCCTT 375 Arabidopsis CTTTGGTTTTT: TTGCTCAACT CAGCTGTGT TTTACAA 871
Ipomoea Ipomoea TTCTGTTTTCTGTGTAGTGGTAAATAAATTGTTGTATTTGTGAATTTTGTTGCTTT-TAG 522
Solanum TACTATCCAA- AGCGTGAAAA AAATGCATAAGACTG 223 Solanum ~TTTGTTCTT AGGACCCTTTGGTTTCTAA 635
*
Jatropha TTC ACCTCCGC TCCCTTGGT A--GA 459 Jatropha TGTC------ CTGTTATATGGATCTTCTAATAACAACAATT--————=—=~— TGGGCACTA 973
Zea TTAGCGA. 'GGT! CGCCACATH AAACTTGGCTGGGCCATCGATGAG--GA 464 Zea TGGA T—-—-- CTGC: 851
Arabidopsis cc CACCAAAA CTCT CATTGACGCT--CA 433 Arabidopsis TGAAAGTTTTSAAGAATAAAAATTTGCTATTATTGTCAG-———-—==-=~-~-. AAAGCGCTA 919
Ipomoea =—==—mmmmmmmmmmmmmm—meoo CCGAAGAGTTCTTTTGGCTGGGAGATTGACAAT--CA 35 Ipomoea CACACTGTCACTGTGATGTGAAACTTATCACTTCAACAGAGTTAAAATTGAAARATGCAG 582
Solanum CTAAT----—---! TTCTTGATTGCT-TAGAAGTCTTTAAGTTGTAGACTAAATAATTTGA 274 Solanum CAAAT CTCT TAGACGTTT 673
* * x % * x * *  *
Jatropha TTTTGGTTCTTTGGAAAAGTTGATCC -~ AGARAATCAGC -~ -~~~ ACAGAA-GGTGCTG 509 Jatropha GATTTTATTCAAAAAAAAAAAAAAAAAAAAA 1004
Zea TTTTGGTTCATT ACTTGTA AT AGAA-GGCGCTG 514 Zea
Arabidopsis CTTTGGCTCCCT! A AAA TGA TG 483 Arabidopsis TTGTTTATTCT----—-—=--=-=—=—-===-=-= 930
Ipomoea CTTTGGCTCTT TCTGATAC--AAAAGATGTCT------~— GCAGAA-GGTGCTG 85 Ipomoea
Solanum CTTCCATTTCTTAT TGCC TTTTTATGTTAAT TG 334 Solanum
ok * % * ok * ok kAR

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.

Results

SOD activity in crude extracts

A comparative analysis of total SOD activity in the crude ex- 12 (A ®

tract of different organs of 1. carnea is presented in Figure 4. A"
SOD activity assays were performed with increasing protein KT e
concentration (Fig. 4A) and specific activity (units/ mg of pro-

tein) was calculated (Fig. 4B) in the linear range of increase
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tive oxygen species due to higher metabolic rate (Samis et
al. 2002 ; Bi et al. 2011). Thus, increase in SOD activity in
these tissues is physiologically essential in order to tolerate
flux of ROS and hence prevent the plant from oxidative dam-
age. Lesser SOD activity in non green tissues like root and
petals could be argued for lack of photosynthesis machinery,
the process which is accountable for largest production of
superoxide is plant cells (Perl-Treves and Galun 1991; Murai
and Murai 1996; Asada 1999). Therefore, these plants organs
represent differential accumulation O, and plants are adapted
to regulate the SOD activity based on local accumulation of
0,
Purification and quality detection of total RNA

Electrophoresis of isolated RNA on 1% denaturating agarose
gel stained with ETBR showed distinct 28S and 18S rRNA
bands (Fig. 5A). Only those RNA samples with 260/280 ratio
between 1.9 and 2.1 and 260/230 ratio greater than 2.0 were
used for the cDNA preparation (Jain et al. 2006).

RT-PCR of the cDNA prepared using the housekeeping
18S rRNA and all three SOD isoform show a single distinct
band in agarose gel (Fig. 5B-C) and hence proceeded for real
time analysis.

Real time PCR analysis and quantification of
relative gene expression

Presence of single sharp peak for both 18S rRNA and SOD as
reflected in the dissociation curves (melting curves) ascertain
the absence of primer dimers and non-specific amplification
products. It also showed that the amplification has good
reproducibility in each sample for all genes. However, both
RT PCR and amplification curve (data not shown) of Fe-
SOD shows slightly less efficiency, which might be due to
higher degeneracy of the Fe-SOD sequence with the designed
primer.

The quantitative expression cytosolic CuZn-SOD gene
in different organs was evaluated by taking the amount of
expression in root as unity (Fig. 6A). The relative expression
level of the gene compared to root was highest in leaf (1.3
times), while expression was about 0.35-fold and 0.22-fold
lower in case of apical and lateral bud respectively. The tran-
script abundance in stem and petals as compared to root was
about 0.54 and 0.37.

Although, it was shown in earlier section that the total
SOD activity was highest in buds, relative mRNA expres-
sion of the cytosolic CuZn-SOD gene was found to be least
in these cases. These anomalous gene expression profiles
suggest that distributions of different SOD isoforms in differ-
ent organs of the plants are different. This is also supported
by previous reports (Kliebenstein et al. 1998; Corpas et al.
2006) where it was found that the cytosolic CuZn-SOD plays
a more important role in oxidative stress tolerance in roots
as compared with the chloroplastic isoform. It is most likely
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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.

that, others isoforms of SOD like chloroplastic CuZn-SOD,
Fe-SOD and Mn-SOD might be contributing to the higher
activity of the buds.

Evaluation of transcript level of Fe and Mn-SOD isoforms
also advocate this fact. The relative expression level of the
Fe-SOD was highest in leaf (6.3 times), followed by apical
bud and lateral bud while expression was comparable in case
of stem and petal (Fig. 6B). Variation in Fe-SOD transcript
abundance in these organs primarily represent the presence
of chloroplast and those organs where chloroplast is absent
shows lower level of expression, which is primarily basal
level only.

The expression level of Mn-SOD gene was highest in api-
cal bud followed by lateral bud while transcript abundance of
the gene was average in root, leaf, stem and petal (Fig. 6C).
These observations suggest that both apical and lateral bud
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Figure 6. Relative quantification of SOD expressions in different organs
of l.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.

have higher accumulation O,” which might be due to high
rate of metabolism and since Mn-SOD is the major isoform
present in mitochondria, so higher expression of Mn-SOD
in these meristematic organs strongly advocate its higher

Analysis of superoxide dismutase gene expression

abundance to prevent plant from oxidative injury. So, perhaps
Mn-SOD contributes towards higher SOD activity of buds as
shown in earlier section.

Discussion

Reactive oxygen species (ROS) are produced as a normal
product of plant cellular metabolism. ROS are always formed
by the inevitable leakage of electrons onto O, from the elec-
tron transport activities of chloroplasts, mitochondria, and
plasma membranes or as a by product of various metabolic
pathways operating in different cellular compartments (Ban-
nister et al. 1987a). Various Environmental stresses such as
drought, salinity, chilling, metal toxicity, and UV-B radiation
as well as pathogens attack can lead to enhanced production
of ROS within plant tissues due to disruption of cellular ho-
meostasis (Bowler et al. 1994). Scavenging of excess ROS
is achieved by highly efficient antioxidative machinery com-
prising of both nonenzymatic and enzymatic antioxidants.
The enzymatic components include superoxide dismutase
(SOD), catalase (CAT), guaiacol peroxidase (GPX), enzymes
of ascorbate-glutahione (AsA-GSH) pathway such as ascor-
bate peroxidase (APX), monodehydroascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR), and gluta-
thione reductase (GR). Ascorbate (AsA), glutathione (GSH),
carotenoids, tocopherols, and phenolics serve as potential
nonenzymatic antioxidants within the plant cell (Noctor and
Foyer 1998). However, plants rely upon the unique enzyme
superoxide dismutase (SOD) to detoxify superoxide. That’s
why SODs are ubiquitous enzymes present in all phyla and
various isoforms of this class of enzymes are distributed in
different cellular compartments. The presence of multiple
SOD isoforms raises the possibility that each protein may
protect plants against a subset of oxidative stresses and that a
variety of SODs are deployed to fully combat environmental
stresses (Bowler et al. 1994; Alscher et al. 2002).

There have been several studies showing the importance
of SODs in combating environment stresses by developing
plants overexpressing different isoforms of the enzyme.
However, there are some disparities among transgenic plants
overexpressing SOD (Tepperman and Dunsmuir 1990; Gupta
et al. 1993). It is also essential to obtain deeper insights into
the relationship between cellular localization and specific
function of each SOD isoforms. However, tissue and organ
specific expression of SOD activity and relative expression
of different isoforms are still lacking in literature.

In some cases, tissue specific expression were analysed
by fusing the 5’ upstream regulatory region of these genes to
the beta-glucuronidase reporter gene and differential tissue
specificity were checked in transgenic plants. Those studies
were confined only to one gene at a time (Van Camp et al.
1996). Therefore, in this study we report the total SOD activ-
ity in different organs of Ipomoea carnea and further extended
to analysis of transcript abundance of cytosolic CuZn-SOD,
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Fe-SOD and Mn-SOD by real time PCR. Our observations
demonstrate that expression of different isoforms of SODs
are developmentally regulated and hence provide a valuable
clue about the existence of a specific isoform of SODs in
particular organ of the plant.

The comparison of total SOD activity in the crude extract
of different organs of I. carnea showed clear discrepancies.
Our observation reveals that activity was maximum in case
of apical and lateral bud. These buds of plant represent the
highly meristematic region. Hence, it is apparent that the high
metabolic rate might result in higher production of ROS; an
event which might be responsible for higher SOD activity.
However, Root and petal shows least activity which might be
due to lack of photosynthesis and/or lesser metabolic rate in
these organs. These data emphasize the critical role of sub-
cellular superoxide dismutase location and strongly advocate
that enzymatic activity of SOD is differentially regulated at
different organs of the plant depending upon its developmen-
tal and physiological conditions.

CuZn SOD is the most abundant SOD isoenzyme in
many plant species (Bowler et al. 1994; Alscher et al. 2002).
In this report, we have analysed the relative expression of
major isoform of CuZn-SOD which is localised in cytosol.
Our observations reveal that expression of cytosolic CuZn-
SOD is slightly higher in leaf while other organs show less
abundance of the gene. This also supports previous reports
which suggest that cytosolic CuZn-SOD plays major role
in scavenging O, (Perl-Treves and Galun 1991; Murai and
Murai 1996) and hence this isoforms is uniformly distributed
in different tissues of the plant.

On the other hand, expression level of Fe-SOD was found
to be highest in leaf followed by apical bud and lateral bud,
while expression was least non photosynthetic organs like
root, stem and petal. To date most of the Fe-SODs found are
chloroplastic, so abundance of chloroplast in organs probably
determine abundance of Fe-SOD mRNA abundance in these
organs (Bowler et al. 1994; Okamoto and Colepicolo 1998;
Alscher et al. 2002). In addition to Fe-SOD, CuZn-SOD is
also present in chloroplast and both of these enzymes are re-
sponsible for the efficient removal of the superoxide formed
during photosynthetic electron transport and hence function in
reactive oxygen species metabolism. The availability of cop-
per is believed to be a major determinant of CuZn-SOD and
Fe-SOD expression (Pilon et al. 2011). However, in our case
since all the plant organs belongs to same condition (copper
present in the soil), expression pattern of Fe-SOD/ CuZn-
SOD represent the true value and copper is not a detrimental
factor here. Rather, presence/ absence of chloroplast are the
sole determinant of the gene expression.

Mn-SODs are found in mitochondria; with only excep-
tions are watermelon and pea, where it is found in per-
oxisomes also (del Rio et al. 2003; Rodriguez-Serrano et
al. 2007). Decrease in Mn-SOD may leads to reduced root
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growth and affects Tricarboxylic Acid Cycle (TCA) Flux
and mitochondrial redox homeostasis (Morgan et al. 2008).
Thus, regulation of Mn-SOD is critical in those tissue where
generation O,” from mitochondria is very high. The transcript
abundance of Mn-SOD gene in apical bud and lateral bud sug-
gests higher accumulation O, in these meristematic tissues
which might be due to high rate of metabolism and Mn-SOD
play critical role here to prevent plant from oxidative injury
(Segui-Simarro et al. 2008).

In conclusion, expression patterns of SOD isoenzymes
give insights into their probable functions in different tissues
and development stages. The SODs in different compartments
must be differently regulated at the level of gene expression
by site-specific oxidative stress. Our findings demonstrate that
distinct regulation mechanisms might be involved in the ex-
pression of SODs in different organs of Ipomoea carnea. All
these cases provide evidence of the heterogeneous distribution
of SOD isozymes in higher plant species, and suggest that
each SOD isoenzyme must have a specific function probably
related to its cellular and subcellular localization.
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