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ABSTRACT 

Understanding the Role of SABP2-interacting Protein (SIP) 428: an NAD+-Dependent 

Deacetylase Enzyme in Abiotic Stress Signaling of Nicotiana tabacum 

by 

Mariam A. Onabanjo 

Abiotic stresses are constantly rising and pose a very high risk to global agricultural productivity 

and food security. Some plants have evolved several innate pathways for defense against these 

stresses. Hence, understanding stress signaling pathways can help develop crop plants with 

higher stress tolerance. The salicylic acid-mediated signaling pathway is important in plants 

experiencing biotic and abiotic stresses. In previous studies, SABP2-Interacting Protein (SIP-

428) has been shown to be a negative regular of plant growth under abiotic stress. This study 

aimed to investigate the roles of SIP-428 in the ROS signaling of tobacco plants. We investigated 

transgenic RNAi-silenced lines of SIP-428 and wild-type tobacco plants for the activities of 

guaiacol peroxidase and catalase enzymes in Mannitol and NaCl-stressed plants for 7 and 14 

days. Our results showed that SIP-428 plays a significant role in ROS signaling in Mannitol and 

NaCl-stressed plants via the activities of guaiacol peroxidase. 
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CHAPTER 1. INTRODUCTION 

Plants are highly vulnerable to both biotic and abiotic stresses because of their inability to 

move from place to place. As a result, several immune responses and defense signaling pathways 

are induced in response to these unfavorable conditions. Abiotic stresses such as osmotic, 

salinity, metals, heavy rainfall, UV-B radiation, and fluctuations in temperature are global threats 

to agricultural productivity (Khan et al. 2015).  

Natural and anthropogenic climate change drivers such as volcanic eruptions, solar 

irradiance, greenhouse gases, and fertilizers from agriculture and land use practices are 

constantly increasing global mean temperature. This affects precipitation patterns and may lead 

to osmotic or inundation (Ullah et al. 2021). Increased temperature influences soil moisture 

content, rate of evaporation, and water-holding capacity of the soil, therefore restricting the 

movement and availability of water and nutrients in the soil profile (Onwuka 2018) in the last 25 

years of both surface and groundwater flooding (Rahman et al. 2018; Bannari and Al-Ali 2020). 

The impacts of climate change such as drought, temperature, flooding, and tropical 

storms are expected to continue to escalate until 2060 (ENS 2022). Food security and climate 

change are two major global problems that the world is trying to salvage. With the increasing 

population, the need to improve stress tolerance in plants via genetic modification or editing to 

support the global demand for food is expected. The development of crops that show resistance 

or tolerance to abiotic stresses is highly desirable. 

Plants respond to stresses by either altering the gene expression, cellular metabolism, 

growth rates, or by crop yields (Gull et al. 2019). They can be categorized into biotic and abiotic 

stresses. Biotic stresses are those caused by living organisms such as viruses, bacteria, fungi, 
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nematodes, insects, arachnids, and weeds. These organisms deprive their host of its nutrients, 

thereby leading to growth defects/death, and are major causes of pre- and postharvest losses. 

Plant growth regulators (PGRs) or phytohormones are naturally occurring chemicals 

produced in plants that regulate physiological processes involved in the growth and development 

of plants. They regulate plant stress by initiating responses under stress (Sabagh et al. 2021). The 

signaling pathways connect the responses from these regulators and help initiate a biochemical 

and physiological response after sensing the stress environment. It becomes quite important to 

identify responsive genes/proteins against abiotic stresses for a better understanding of the 

abiotic stress response mechanisms in crop plants. 

Plants’ Defense Against Abiotic Stress 

Abiotic stresses affect the plants negatively and lead to about ~ 50% reduction in yield. In 

response, some plants have evolved interconnected regulatory pathways composed of signaling 

molecules and gene regulation factors to counter the effect of these stresses (Zhang et al. 2022). 

There are five general defenses against abiotic stresses in plants, namely: cuticle (acts as an 

outermost shield that restricts liquid and gas fluxes), unsaturated fatty acids, ROS scavengers, 

molecular chaperones, and compatible solutes that serve to protect them from various adverse 

conditions (He et al. 2018). 

Phytohormones play a crucial role in mediating abiotic stress tolerance in plants. These 

include Auxins, Salicylic Acid (SA), Abscisic Acid (ABA), Jasmonic Acid (JA), ethylene, 

gibberellins, and cytokinin. Generally, these phytohormones act in synergy rather than 

individually, they can act antagonistically, or additively with other phytohormones and or other 

signaling factors to regulate plant physiological processes (Zhang et al. 2022). 



 9 

Auxin is known to be responsible for the regulation of genes associated with 

biosynthesis, catabolism, and signaling pathways of other hormones while modulating defense 

and developmental responses (Bari and Jones 2009). Abscisic acid is another important hormone 

in stress-related responses and other plant growth processes. During drought stress, ABA-

mediated stomatal closure decreases the transpiration rate, thereby reducing water loss (Aslam et 

al. 2022). Advancements in plant genomics have allowed the identification and functional 

characterization of ABA-dependent genes that are drought-responsive. Reports have also shown 

that ABA can regulate calcium-dependent protein kinases (CPK) signaling by inducing CPK6 

expression under drought stress. CPKs phosphorylate ABA-related TFs, and ABFs/AREBs 

(ABA-responsive element-binding factors) to enhance their transcriptional functions (Zhang et 

al. 2020; Park et al. 2008; Lu et al. 2009).  

Salicylic acid (another plant hormone) has been widely studied for its contribution to 

antioxidant metabolism, ROS-signaling, and ROS detoxification during abiotic stress in plants 

(Hernández et al. 2017). SA has also been shown to be involved in the synthesis and/or signaling 

of other phytohormones, especially the antagonistic relation between SA and abscisic acid 

(ABA) or jasmonic acid (JA). 

Salicylic Acid in Plant Defense Against Abiotic Stress 

 SA is a phenolic compound (2-hydroxyl benzoic acid) present in prokaryotes and 

eukaryotes including plants with differing basal levels among plant species. SA and its 

derivatives have been widely used as pain relievers in different eras of the world. In 1828, 

Johann A. Buchner became the first scientist to purify a synthetic derivative of SA (aspirin) from 

a plant. To date, SA has been characterized from plants belonging to diverse groups, and its roles 

in the regulation of plant growth and development, especially their responses to pathogen attack, 
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environmental stresses such as salt and osmotic stress, and others also have been properly 

documented (Zhao et al. 2017).  

SA is synthesized via two distinct pathways: the Phenylalanine ammonia-lyase (PAL) 

pathway (in the cytoplasm) and Isochorismate synthase (ICS) pathway (in the chloroplast) both 

originating from chorismate (Lefevere et al. 2020). In the PAL pathway, SA is synthesized from 

phenylalanine. PAL is an upstream enzyme that leads to many other possibly defense-related 

compounds. In tobacco plants, SA is synthesized primarily via the PAL pathway (Ogawa et al, 

2006) and it was found that the genes encoding the PAL pathway but not the ICS pathway to be 

upregulated when the leaves of tobacco plants were infected with the tobacco mosaic virus. After 

synthesis, SA is enzymatically modified either by glycosylation (SAG- SA -Glucoside, SGE- 

SA glucose ester), methylation (MeSA- Methyl salicylate or MeSAG), hydroxylation (SA 3-

hydroxylase (S3H) and SA 5-hydroxylase (S5H) or via amino-acid conjugation (SA-Asp- 

Salicyloyl-L-aspartic acid) to allow fine-tuning of its accumulation, function, and/or mobility. 

Glycosylated forms of SA make the SA inactive and may allow larger SA storage in the vacuoles 

due to its reduced toxicity. Methylated forms are volatile with better membrane permeability and 

allow more distal transport (Dempsey et al. 2011). Endogenous and exogenous application of SA 

and its conjugates have been implicated in alleviating abiotic stresses; drought (Safari et al. 

2022), salinity (Khairy and Roh 2016; Patel et al. 2020), heavy metals (Gondor et al. 2022), 

osmotic, heat stress (Yang et al. 2022) and cold stress (Ignatenko et al. 2019) conferring 

tolerance to these plants under stress.  

Salicylic acid binding protein 2 (SABP2) is an esterase that catalyzes the conversion of 

MeSA to SA. The role of SABP2 has been established in tobacco plants (Vlot et al. 2008). 

SABP2 was purified from tobacco plants and was shown to have a high affinity for SA (Du and 
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Klessig 1997; Kumar and Klessig 2003). The biochemical analysis of the structure of SABP2 

shows that it belongs to the alpha/beta hydrolase family, including a catalytic triad with Ser-81, 

His-238, and Asp-210 (Forouhar et al. 2005). It is needed for the robust expression of systemic 

acquired resistance (SAR). SABP2-silencing increased susceptibility to virulent pathogens in 

tobacco plants (Kumar and Klessig 2003). In 2006, Kumar et al. established the fact that SABP2 

was an important enzyme in SAR development in tobacco plants. Overexpression of the LcSABP 

SABP2-like gene, cloned from Lycium chinense increased drought tolerance in transgenic 

tobacco via increased activities of antioxidant enzymes (SOD, CAT & APX) (Li et al. 2019). 

Several interacting proteins of SABP2 have been identified and one of them is the SABP2-

Interacting protein, SIP428 (Haq et al. 2020). 

SABP2-Interacting Protein (SIP)428 

In 2020, Haq et al. described the SIP428 as a Silent Information Regulator (SIR)- 2 

family NAD+-dependent deacetylase like enzyme. Sir2 gene family is conserved from bacteria 

to mammals, and it was reported to have gene silencing and chromosome stability functions 

(Brachmann et al. 1995). Some Sir2 orthologs (Sirtuins) are histone deacetylase enzymes (NAD+ 

dependent) that catalyze the β-nicotinamide adenine dinucleotide (βNAD+)-dependent Nε-acyl-

lysine deacetylation on histone and non-histone protein substrates (Soccio et al. 2018; Zheng 

2020).  

Plant Sirtuins are known to have a protective role in genome instability and cell oxidative 

damage, which are important for plant growth (Soccio et al. 2018), and in other cellular 

functions, including life DNA repair, metabolism, stress resistance, proliferation, and energy 

production (Zheng 2020). Sirtuins in plants have been shown to have different enzymatic activity 

and localization, but their functional characterization is incomplete in most plants.  More studies 
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involved majorly Arabidopsis thaliana and Oryza sativa, and only two genes (AtSRT1, AtSRT2, 

OsSRT1, OsSRT2) have been identified in both. Downregulation of OsSRT1 enhanced histone 

H3K9 acetylation on transposable elements and promoters of hypersensitive response-related 

genes, which led to DNA fragmentation and cell death, under salinity and drought (Zheng et al. 

2016), AtSRT1is a negative regulator of plant tolerance to stress and glycolysis but stimulates 

mitochondrial respiration (Liu et al. 2017). 

Histone deacetylation/acetylation controls gene expression by modifying chromatin 

structure and function, therefore, it is important for many cellular processes such as post-

translational modifications of protein at lysine residues. Acylation or deacetylation of the lysine 

side chain on histone proteins affects their stereoelectronic properties, therefore, facilitates, or 

weakens DNA’s accessibility to transcription machinery (Zheng 2020). Sirtuins are ubiquitous to 

many subcellular compartments; yeasts and human Sirtuins are localized in the cytoplasm, 

nucleus, and mitochondria (North and Verdin 2004); SIP-428 was found to be localized in the 

mitochondria (Thakuri 2018). 

ROS Signaling and Abiotic Stress in Plants 

Abiotic stresses like salinity, drought, osmotic, heat, and cold can induce oxidative stress 

in plants by the accumulation of very reactive oxygen compounds called ROS. ROS (Reactive 

Oxygen Species) are oxygen radicals and their derivatives produced because of the partial or 

incomplete oxidation of oxygen. They include superoxide anion, O2•−; hydroperoxyl radical, 

HO2
•; alkoxy radical, RO•; and hydroxyl radical, •OH and non-radical molecules, hydrogen 

peroxide, H2O2, and singlet oxygen, 1O2 (Hasanuzzaman et al. 2020). In plants, the major sites of 

production of ROS are chloroplasts, mitochondria, peroxisomes, plasma membrane, and 

apoplast. ROS targets biomolecules such as proteins, lipids, and DNA by breaking their bonds, 
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mutation, or proteolytic degradation of these molecules, causing cellular damage (Das and 

Roychoudhury 2014). 

Although ROS are produced under normal cellular metabolism, the plant’s innate defense 

mechanism is constantly regulating ROS production by the actions of a robust antioxidant 

system. These antioxidants detoxify the ROS, making them less toxic, and these include 

enzymatic antioxidants localized in different compartments of the cell; superoxide dismutase 

(SOD, localized in the chloroplasts and mitochondria detoxifying O2
•−), catalase (CAT found in 

the mitochondria and peroxisomes, detoxifies H2O2), ascorbate peroxidase (APX, localized in the 

chloroplast, cytosol, mitochondria, and peroxisomes, detoxifies H2O2), Monodehydroascorbate 

reductase (MDHAR, localized in the chloroplast, cytoplasm, and mitochondria, generates 

ascorbic acid), dehydroascorbate reductase (DHAR), glutathione reductase (GR localized in the 

chloroplast, ER, cytoplasm, and mitochondria), and guaiacol peroxidase (GPX localized in the 

chloroplast, cytoplasm, and mitochondria, detoxifies H2O2). Others are non-enzymatic 

antioxidants including carotenoids, -tocopherol, flavonoids, proline, reduced glutathione, GSH, 

and ascorbic acid (most abundant and widely studied). ROS also act as secondary messengers 

and/ or signaling molecules that use the mitogen-activated protein kinase (MAPK) pathway to 

transport signals to the nucleus via redox reactions to increase tolerance against abiotic stresses 

(Hasanuzzaman et al. 2020). 

Evidence has established a close connection between ROS metabolism and epigenetic 

regulation during plant growth and environmental acclimation (Wang et al. 2016). Transgenic 

tobacco plants overexpressing APX from Arabidopsis showed higher tolerance to salinity stress 

(300mM NaCl) compared to wild-type plants (Badawi et al. 2007). A choline monooxygenase 

(BvCMO) from Beta vulgaris overexpression in transplastomic tobacco plants enhanced 
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tolerance to salt (100 and 150 mM NaCl) and osmotic stresses (300mM mannitol) (Zhang et al. 

2008). Transgenic plants overexpressing a theta class glutathione transferase (GST) enhanced 

tobacco plants' tolerance to osmotic (mannitol) and salinity (NaCl) in vitro (Stavridou et al. 

2019). Downregulation of Sirtuins-like genes, OsSRT1 and OsSRT2 in rice, induced Histone 

H3K9 acetylation, leading to DNA silencing of many important genes while the overexpression 

of these genes increased tolerance to oxidative stress (Huang et al. 2007). 

Chloroplast, mitochondria, and peroxisome produce excessive ROS under salinity and 

osmotic stress (Guo et al. 2022). 

Hypothesis  

Previous studies indicate that SIP428 is a negative regulator of tobacco plant growth 

under abiotic stress (Oviavo 2021).  It remains largely unknown how SIP428 regulates abiotic 

stress signaling in plants. It is expected that SIP428-silenced plants show increased or higher 

activities of antioxidant enzymes/ ROS scavengers than wild-type tobacco plants under abiotic 

stress (in NaCl or Mannitol stresses in vivo). 

Hypothesis (H1): SIP428 plays a regulatory role in the ROS signaling pathway of 

tobacco plants under abiotic stress.  

To test this hypothesis, the levels of two antioxidant enzymes: guaiacol 

peroxidase and catalase will be assessed in SIP428-silenced and control tobacco plants 

after treatment either with NaCl (for salinity stress) or with Mannitol (for osmotic stress). 

Alternate Hypothesis (H2): SIP428 does not play a significant regulatory role in the 

ROS signaling pathway of tobacco plants under abiotic stress. 

It is very likely for the levels of the two antioxidant enzymes: (guaiacol 

peroxidase and catalase) in control and SIP428-silenced tobacco plants after treatment 
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either with NaCl or with Mannitol do not show any significant difference. This could be 

because this investigation is based solely on ROS detoxification by the antioxidant 

enzymes, and both plants under abiotic stress can initiate the expression/activation of 

these enzymes for defense during stress signaling.  
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CHAPTER 2. MATERIALS AND METHODS 

Plant Materials 

Tobacco plants, wild-type Nicotiana tabacum cv. Xanthi-nc NN (XNN) and SIP428-

silenced in the Nicotiana tabacum cv. Xanthi-nc NN background (transgenic line #MSI-2-7 SIP-

428-silenced (Thakuri 2018) was used in this study.  Transgenic tobacco lines silenced in SIP428 

expression were previously generated via RNAi (Thakuri 2018). All tobacco plants were grown 

from seeds in a controlled environment in a growth chamber.  

Chemicals/Reagents 

Murashige and Skoog (MS), Phyto agar (PlantMedia), Sucrose (Fisher Scientific), 

Sodium chloride (NaCl) powder (Fisher Scientific/ Fisher Biotech), Mannitol (Fisher Scientific), 

Ethyl alcohol (Acros Organics), bleach solution (household), EDTA(Fisher Scientific), Bradford 

reagent solution (Bio-Rad), Potassium hydroxide (Fisher Scientific), Bovine Serum Albumin 

(BSA) powder (Sigma), Sodium phosphate monobasic and dibasic anhydrous (Fisher Scientific), 

Hydrogen peroxide (Fisher Scientific), Guaiacol solution (Acros Organics), and Gamborg B5 

vitamin (recipe in Appendix C). 

Materials/Equipment 

Evolution 300 Spectrophotometer (Thermo Fisher Scientific), BioTek Synergy HT 

Microplate reader, Costar 96-microplate well plates, Elkay Ultra-Vu disposable Cuvettes, Tissue 

culture room, Conviron growth chamber, Airegard Laminar Airflow Work Station (Nuaire) with 

steri 350 for sterilization, Fisher brand Petri plate/ dish, Fisher Scientific Isotemp 210 water bath, 

Sterilelink Autoclave (Steris Amsco Century SG-120), soil, 1.5 mL Eppendorf tubes, 

Fisherbrand micropipettes and specialty tips, Finn pipettes multi-channel pipette, ThermoFisher 

nunc tubes 15mL, Gilford Vacuum receiver 3021, Fisher Scientific Accumet (AE150) pH meter, 
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3M Micropores (Deutschland GmbH), Labquake rotating shaker (BarnsteadThermolyne), 

Fisher Vortex Genie 2, Grinders- MP FastPrep -24, IKA RW20 digital or hand held grinder, 

Biospec 2.0 mm diameter Zirconia, and Sorvall Biofuge pico Centrifuge. 

Growth Conditions 

Tobacco seeds were sown on wet autoclaved soil in 4 x 4-inch square plastic pots and 

covered with a transparent plastic cover. Initially, the sown seeds were kept in a cold room (at 4-

8°C) for 72hrs before transferring to a plant growth chamber (PGW 36, Conviron, Canada) set at 

22°C and a 16-hour light cycle maintained with a light intensity of about 200 μmolm-2sec-1.  

About 7-10 days later, two seedlings (a two-cotyledon stage) were transferred to 4 x 4-inch pots 

and grown for an additional 3 to 4 weeks. Each young tobacco plant was transferred to a single 

7” pot and allowed to grow for 7-10 days.  For stress treatments, specific stressors (NaCl or 

mannitol) were applied to the soil and plants were grown for 2-3 weeks before using them for 

biochemical analysis. 

Growth Conditions: Tissue Culture 

Wild-type Nicotiana tabacum cv. Xanthi-nc NN (XNN) and SIP428-silenced seeds (50-

100) were surface-sterilized by adding 1mL 70% ethanol followed by shaking for 1 minute. This 

and the subsequent steps were carried out in a Laminar Airflow Workstation. The ethanol 

solution was removed and 1mL of 20% bleach (commercial household) was added to the seeds. 

The tubes were subjected to gentle shaking for 20 mins on a rotating shaker. The bleach solution 

was removed, and the seeds were rinsed with 1mL sterilized autoclaved water for 1 minute. The 

rinsing step was repeated 3 times or more. The surface-sterilized seeds were transferred to an 

autoclaved filter paper and allowed to dry in the laminar flow hood. The seeds were individually 

transferred to MS media plates (see appendix #B for recipe) using sterilized forceps while also 
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spacing them at approximately 1cm apart. Finally, these plates were sealed with parafilm or 

micropores tape and wrapped in aluminum foil, and placed in a cold room (4C) for 72 hrs. After 

72 hours, the aluminum foil from the plates was removed and the plates were transferred to a 

lighted plant growth room. The seeds were allowed to germinate. After germination (7 days after 

cold treatment), seedlings with two cotyledons were transferred to MS media plates containing 

abiotic stress-inducing chemicals. 

Abiotic Stress Treatment 

Salinity Stress 

Various concentrations (0-200mM) of NaCl-containing MS media plates were prepared 

and used in this experiment. Young seedlings (7-10 days old) were transferred to the MS media 

plates containing various concentrations of NaCl and incubated under light for an additional 7-10 

days. The plants were observed for 7-14 days respectively. On day 7 and day14, the leaves were 

harvested (~100mg) and snap-frozen in liquid N2 and stored at -80°C for enzyme analysis. The 

concentrations of NaCl used in this study were previously standardized (Oviavo 2021). 

Osmotic Stress 

Various concentrations of mannitol (0-200mM) were added to the MS media plates to 

induce osmotic stress in plants growing for seven (7) and fourteen (14) days respectively. These 

concentrations were standardized in a previous study (Oviavo 2021). The biochemical analysis 

of the activities of catalase and peroxidase enzymes were measured using spectrophotometric 

assays as described in the methods below. Plant leaves are collected at 7 and 14 days 

respectively after stress. 
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Leaf Extract Preparation for Antioxidant Enzyme Assays 

Fresh leaf tissues (100mg) were collected from plants (WT and SIP428-silenced lines) 

and frozen in liquid nitrogen to prevent proteolytic activity and stored at -80C. These leaf 

tissues were homogenized by grinding in 1ml extraction buffer (0.1M phosphate buffer, pH 7.0, 

containing 0.5mM EDTA), while keeping everything on ice. The samples were centrifuged at 

13,000×g for 20 min at 4°C and the supernatants were transferred to new tubes, kept on ice, and 

used for further analysis of the enzyme activities (crude leaf extracts were prepared fresh and 

assays conducted within a few hours and extracts were always kept on ice). 

Protein Quantification Using Bradford Reagents 

The amount of protein present in each sample was determined using Bradford Reagent to 

measure absorbance at 495nm and a BSA standard curve to measure its concentration (mg/ml). 

For Bradford Test, 800l of milliQ water was added to 1.5 ml Eppendorf tubes and a known 

volume of leaf extract was transferred to the same tube and mixed by inverting several times. 

Bradford reagents (200l) was then added to the tubes and mixed by vortexing. After five 

minutes, the absorbance was measured at 595nm using a spectrophotometer. The blank was the 

solution/ tube with no protein sample (Bradford 1976). The equation of the BSA standard curve 

(Fig. 1) was used to quantify the unknown protein concentration (see Appendix #B for full 

recipe). 

Catalase Assay (CAT) Mix 

Potassium phosphate buffer (50 mM, pH 7.0); Buffer was prepared using Milli-Q water 

(Biocel Millipore Milli-Q) and stored at 4°C until usage, Fisher Scientific H2O2 solution (20 

mM), and quantified protein from leaf extract. 
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CAT Assay Procedure 

CAT activity was determined according to Aebi 1984. The decomposition of H2O2 was 

followed as a decrease in absorbance at 240 nm in a UV/Vis spectrophotometer or Gen 5 

microplate reader. The 1 mL CAT assay (in a spectrophotometer) or 200l (in a microplate 

reader) mixture contained 1 mL extract (mixture) in 50 mM potassium phosphate buffer (pH 

7.0), 20 mM H2O2, milliQ water and a known protein concentration from each sample or 

replicates (see appendix #B for full recipe). The control (blank) was the solution without protein. 

The extinction coefficient of H2O2 (40 mM-1 cm-1 at 240 nm) was used to calculate the catalase 

activity which was expressed in terms of (millimoles of H2O2 per minute) units per milligram 

protein. 

Peroxidase Assay (POD) Mix 

Potassium phosphate buffer (60 mM, pH 6.1); Buffer was prepared using Milli-Q water 

(Biocel Millipore Milli-Q) and stored at 4°C until usage, Fisher Scientific H2O2 solution (2 mM), 

Acros Organics Guaiacol Solution (16 mM) and quantified protein from leaf extract. 

POD Assay Procedure 

POD activity was measured by the increase in absorbance as guaiacol gets oxidized into 

tetra guaiacol at 470 nm (Castillo et. al. 1984). The 1 mL POD assay (while using a 

spectrophotometer) or 200l (when using a microplate reader). The 1 mL reaction mixture 

contained 60mM potassium phosphate buffer (pH 6.1), 16mM guaiacol, 2 mM H2O2, and a 

known protein concentration from each sample or replicates (see appendix #B for full recipe). 

The control (blank) reaction mixture was without protein. The extinction coefficient of tetra 

guaiacol (26.6 mM-1 cm-1 at 470 nm) was used to calculate the peroxidase activity that was 

expressed in terms of Units per milligram protein. 
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Enzyme Activity 

The activities of peroxidase and catalase enzyme were calculated using the formula (2.1): 

Enzyme Activity (Units/mg protein) = 𝐴
𝑉𝐶

𝜀 𝑑 𝑐 
 

Where, A= Absorbance at a particular point in time; ε = millimolar extinction coefficient  

For the CAT activity at 240 nm the specific extinction coefficient, ε= 40 mM-1cm-1 

For POD activity, tetra-guaiacol formation at 470 nm, the specific extinction coefficient, ε= 26.6 

mM-1cm-1 

d = light path (cm)= 0.56cm (96-well plates microplate), 1cm (spectrophotometer 

cuvettes) 

Vc = reaction volume (ml) = 0.2 ml (microplate reader) and 1ml (spectrophotometer) 

c = protein concentration of leaf extracts  

Chemical reactions occurring in each assay solution: 

For Catalase Assay: 2 H2O2      O2 +   H2O 

For Guaiacol Peroxidase Assay: Substrate (Guaiacol) + H2O2                    Tetra-guaiacol + H2O 

Statistical Analysis 

Data were analyzed using one-way ANOVA, and the means were compared using the 

Tukey’s test at a confidence level of 0.05. GraphPad Prism 9.0 Software was used for conducting 

CAT from sample 

POD 



 22 

this analysis. The graphs for mean comparison were drawn by Microsoft Excel version 16.71 

software. 
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CHAPTER 3. RESULTS AND DISCUSSION 

BSA Standard Curve for Protein Quantification 

A known concentration of BSA was prepared (10mg/ml) and several dilutions of this 

concentration was made (0.5 - 4mg/ml). The sample without the BSA served as a blank control. 

The mean absorbance of three replicates of each concentration was measured at 595 nm and the 

trend and equation of line was added using Excel. Fig. 1 shows a graph of the mean absorbance 

at 595 nm against different standard concentrations of BSA representing the linear relationship 

between enzyme concentration and absorbance (Beer-Lambert’s law). The equation was used to 

quantify the concentration of proteins in leaf samples. 

 

Figure 1. BSA Standard Curve. 

A graph of mean absorbance (n=3 S.E) at 595nm using various concentrations of BSA was 

prepared.  

 

Osmotic Stress 

Peroxidase Activity in Mannitol- Stressed Plants 

The peroxidase activity in mannitol-stressed plants were examined in tobacco plants (WT 

- control) and sip428 - SIP428-silenced plants) as described above. After exposure to mannitol 
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for seven days, SIP428-silenced plants showed lower peroxidase activities than WT plants in 

both 150mM and 200mM Mannitol (Fig. 2). Interestingly, they show significantly higher 

peroxidase activity in 100mM and 175mM Mannitol than WT (Fig. 3). At 14 days, significantly 

higher peroxidase activities were observed in 150mM mannitol-stressed SIP428-silenced plants 

compared to the WT plants (Fig. 4) and (Fig. 5) at p <0.05 (Data from two independent 

experiments). This suggests that the regulatory role of SIP428 in ROS signaling of plants under 

osmotic stress might be dependent on the concentration and length of exposure to mannitol, 

because 14 days SIP428-silenced plants under 150mM mannitol showed higher peroxidase 

activity while 7 days only showed significant enzyme activities in 100mM and 175mM but not in 

150mM mannitol.  

 

Figure 2. Peroxidase activity in Mannitol stress (0, 150mM & 200mM) for 7 days.  

N=2, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9; ns means not 

significant. 
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Figure 3.  Peroxidase activity in Mannitol stress (0, 100mM & 175mM) for 7 days. 

N=2, mean+ SEM. Statistical significance between groups was determined via one-way ANOVA 

at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0 

 

 

Figure 4. Peroxidase activity in Mannitol stress (0 & 150mM) for 14 days.  

N=3, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0. 
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Figure 5. Peroxidase activity in 14 days Mannitol-stressed plants (100 and 150mM Mannitol)  

N=3, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0 

 

Catalase Activity in 7- and 14-days Mannitol-Stressed Plants 

The catalase activity in mannitol-stressed plants were investigated to understand the 

significance of SIP428 in ROS detoxification in WT (control) and SIP428-silenced tobacco 

plants via the use of Catalase (antioxidant enzyme). The Catalase activity in 7-days mannitol-

stressed, SIP428-silenced were lower than those of WT, but these were not significantly different 

statistically from those of wild-type plants at p<0.05 (Fig. 6). In 14 days, mannitol-stressed 

SIP428-silenced plants’, the catalase activities were higher than those of wild-type plants in 

200mM mannitol, however this wasn’t statistically significant at p<0.005 as presented in (Fig. 8) 

but the differences between the CAT activities of SIP428-silenced plants in 0 and 150mM 

mannitol were statistically significant at p<0.005 as seen in (Fig.  7).  

Upon exposure to osmotic stress, plants adjust their morphology (enhanced shoots and 

roots) and developmental changes (ion transport, carbon metabolism and solutes synthesis) in 

response. Mannitol is often used induced osmotic stress in plants in vitro, and it can act as an 

osmolyte or compatible solute, or both when accumulated. As a compatible solute, it prevents 
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inactivation of metabolism by accumulating in the cytosol. High accumulation can become toxic 

triggering the antioxidant machinery including SOD, CAT, POD, and other enzymes 

(Hasanuzzaman et al. 2020). Osmotic stress induces oxidative stress by increasing the levels of 

H2O2 and singlet oxygen. Under 150mM mannitol, the activities of polyamines, SOD and POD 

were significantly increased in potato cultivars (in vitro) (Sajid and Aftab 2022). OsSRT1 (an 

orthologous sirtuin present in rice) was found to target transposable elements, regulates H3K9 

acetylation and expression stress-related and metabolism genes (Zhong et al. 2013). Osmotic 

stress (176mM) increased the activities of CAT, SOD, APX, and POD in broccoli sprouts (Kiani 

et al. 2018). 

 

Figure 6. Catalase activity in 7 days mannitol stressed plants.  

N=4, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9 
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Figure 7. Catalase activity in 14 days mannitol stressed plants.  

N=4, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0. ns= no significance 

 

Figure 8. Catalase activity in Mannitol stressed plants for 14 days.  

N=4, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0 
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Salinity Stress 

Peroxidase Activity in NaCl- Stressed Plants 

The peroxidase activity in NaCl-stressed plants were investigated for the regulatory 

functions of SIP428 in salinity stress of tobacco: WT (control) and SIP428-silenced (sip428) 

plants as described in the methods section. When SIP428-silenced plants were exposed to NaCl-

stress for 7 days, they exhibited lower peroxidase activities than WT plants in 200mM NaCl, but 

this was statistically significant at p<0.05 (Fig. 9). However, it was important to note that after 

reducing the NaCl to 100mM, the peroxidase activity in SIP428-silenced plants became 

significantly higher than those in WT plants (Fig. 10). Interestingly, SIP428-silenced plants that 

were exposed to 200 mM NaCl-stress for 14 days had significantly higher peroxidase activities 

than WT plants (Fig. 11 & 12: two independent experiments; In Fig. 11: There is a significant 

difference in the POD activities between sip428 and WT plants under 200mM NaCl and between 

sip428 plants in 0 & 200mM NaCl, In Fig. 12: The differences in the POD activity between WT 

and sip428 plants were not significant; however, there is a significant increase between sip428 

plants in 0 & 200mM NaCl). Suggesting that SIP428 might also be playing a role in ROS-

mediated signaling in plants under salinity stress induced with higher NaCl concentration (200 

mM) via the activities of peroxidase activity when exposed for 14 days. While this is not clear 

when the plants were exposed for only a short duration (7 days). High salinity stress increases 

ion toxicity (Na+) and oxidative damage as secondary effects, and it might take a while for the 

antioxidant machinery’s defense to get initiated because of increased ROS and oxidative agents. 
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Figure 9. Peroxidase activity of in NaCl stressed plants (0, 150mM & 200mM) for 7 days.  

N=3, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism  

 

 

Figure 10. Peroxidase activity in NaCl stress (0, 100mM & 175mM) for 7 days.  

N=4, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0. 
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Figure 11. Peroxidase activity in NaCl stressed plants (0 & 200mM) for 14 days. 

A representative experiment with N=2, mean + SEM. Statistical significance between groups 

was investigated via one-way ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad 

Prism 9.0 

 

 
 

Figure 12. Peroxidase activity in NaCl stress (0 & 200mM) for 14 days.  

This is another independent experiment showing the same trend; N=4, mean + SEM. Statistical 

significance between groups was investigated via one-way ANOVA at p < 0.05 using Tukey's 

post Hoc test with GraphPad Prism 9.0.  

 

Catalase Activity in NaCl- Stressed Plants 

The catalase activity in NaCl-stressed SIP428-silenced tobacco plants were investigated 

to understand the significance of SIP428 in ROS detoxification. SIP428-silenced plants had 
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significantly higher catalase activity in 100mM NaCl (Fig. 13) when exposed for 7 days, but 

catalase activity reduced significantly in 200mM NaCl (Fig. 14). As seen in Fig. 13 and 14, there 

was a slight increase in catalase activity in 14 days- NaCl stressed SIP428-silenced plants in 

150mM NaCl, however this increase was not significantly different from those of wild-type 

plants in the same concentration or transgenic plants in 0mM NaCl. It can be inferred from these 

results that SIP428 might have regulatory function in stress signaling via the use of catalase for 

ROS detoxification significantly in low concentration (100mM) and for shorter number of days 

(7 days). At 150mM NaCl, no significant differences were noticed between SIP428-silenced and 

WT plants (Fig 15). 

During high salinity stress, the uptake of Na+ increases while decreasing the uptake of 

K+, and this disrupts the ionic homeostasis in plants, inhibiting the absorption of other nutrients 

and ions, which results in nutrient deficiency, ion toxicity (Mickelbart et al. 2015) and ROS 

accumulation (Hasanuzzaman et al. 2020). Plants undergo metabolic reprogramming to maintain 

osmotic homeostasis and activation of signaling pathways by changing the functions of their 

primary and secondary metabolites. Primary metabolites such as sugars and amino acids can act 

as osmolytes (hexoses, disaccharides, and oligosaccharides) and osmo-protectants (proline) 

under salinity stress (Zhang et al. 2011). The gene expression and enzyme activities of SOD, 

POD, and CAT increased when two Asparagus cultivars were subjected to salinity stress (Guo et 

al. 2022).  
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Figure 13. Catalase activity in NaCl stress (0 & 200mM) for 7 days. 

N=2, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9.0 

 

 
 

Figure 14. Catalase activity in NaCl stress (0 & 100mM) for 7 days.  

N=3, mean + SEM. Statistical significance between groups was investigated via one-way 

ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad Prism 9. 
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Figure 15. Catalase activity in NaCl stress (0 & 150mM) for 14 days.  

An independent experiment using N=3, mean + SEM. Statistical significance between groups 

was investigated via one-way ANOVA at p < 0.05 using Tukey's post Hoc test with GraphPad 

Prism 9.0.   

 

Figure 16. Catalase activity in NaCl stress (0 & 150mM) for14 days.  

This is another representative experiment showing a similar trend; N=3, mean + SEM. Statistical 

significance between groups was investigated via one-way ANOVA at p < 0.05 using Tukey's 

post Hoc test with GraphPad Prism 9.0  
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CHAPTER   4. SUMMARY AND FUTURE DIRECTIONS 

Plants regularly experience abiotic stresses caused by the ever-changing environment 

resulting in reduced crop yield and productivity. Salinity and osmotic stress are two major 

abiotic stresses that can reduce water potential in plants, increase ion toxicity, and ROS 

accumulations, leading to oxidative stress. In response, plants have evolved defense mechanisms 

involving transcriptional modifications via several signaling pathways (Patel et al. 2020b). 

Understanding these pathways will allow plant molecular biologists and biochemists to 

genetically engineer plants that are more tolerant to most abiotic stresses.  

This research investigated the regulatory role of SIP428, an NAD+-dependent deacetylase 

in ROS-mediated salinity and osmotic signaling in tobacco plants. The enzymatic activities of 

two important antioxidant enzymes, CAT & POD, that detoxify ROS, specifically H2O2 in the 

chloroplasts were measured in the leaves of stressed plants.  The results presented in this study 

suggest that SIP428 is playing a significant role in mediated stress tolerance via modulating the 

peroxidase activities. This effect was more apparent in plants treated with higher levels of 

stressors (both osmotic and salinity) and for a longer duration of exposure. When plants undergo 

abiotic stress, they generate and accumulate a large amount of ROS that their antioxidant defense 

system cannot detoxify. This increased level of ROS leads to oxidative stress which can trigger 

apoptotic-like programmed cell death (Tripathy and Oelmüller 2012). 

Studies have reported that the activities of antioxidant enzymes vary based on the amount 

of stressors, time of exposure, and the developmental stages of plants. For example, 150mM 

NaCl and 268mM mannitol induced contrasting antioxidant responses for POD, APX, and CAT 

genes as they increased significantly at high salinity (150mM NaCl) but decreased with mannitol 

(268 mM Mannitol) (Cunha et al. 2016) and that these antioxidant activities ameliorate abiotic 
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stress by correlating their increase with decreasing ROS content (Farooq et al. 2021). Changes in 

the redox status of the cell regulate many transcription factors and enzymes which are quite 

important for cellular signaling and in epigenetic modifications such as DNA methylation, 

chromatin structure and remodeling and histone modifications (Ramakrishnan et al. 2022). 

 SIP428 belongs to the Sirtuins family that use cellular levels of NAD+ and NADH/ NAD+ 

ratio for their deacetylase activity when they undergo oxidative stress. Under oxidative stress, 

some protein kinases can introduce post-translational modifications into the SIRT2, causing the 

dysfunction of the gene; phosphorylation of this gene increases acetylation (Lau et al. 2014). 

After NAD+ -dependent deacetylation by Sirtuins, nicotinamide and 2-0-acetyl-ADP ribose are 

generated as by-products (Tanner et al. 2000); and studies have shown that these products can 

inhibit the enzymatic functions of these deacetylases. Under abiotic stress conditions, this ADP-

ribosylase activity was linked to the DNA damage repair pathway by the activation of the 

enzyme, poly (ADP-ribose) polymerase 1 (PARP1) (Mitra and Dey 2022). Increased ROS 

accumulation under stress causes DNA breakage and this is sensed by PARP1, which transfers 

ADP-ribose units to these damaged DNA regions, assembling other damage repair pathways 

(Murata et al. 2019). However, high PARP activity can lead to cell death because PARP depletes 

NAD+ content, which forces plants to synthesize more NAD+
 
and as a result more energy (ATP) 

is expended towards its production for other signaling pathways. (Ramakrishnan et al. 2022) 

Therefore, silencing this deacetylase protein (SIP428) could have reduced PARP-mediated 

NAD+ utilization, leading to increased tolerance to oxidative stress. As silencing PARP in both 

Arabidopsis thaliana and oilseed rape (Brassica napus) increased tolerance to osmotic, heat, and 

light stresses (Vanderauwera et al. 2007). 
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Also, since SIP428 is an important interacting protein in the SABP2 pathway, its 

silencing can affect SA availability, which can also increase the activities of antioxidant enzymes 

and improve osmotic stress (La et al. 2019) and or salinity stress (Lee et al. 2010). In 2012, Choi 

et al. showed using Arabidopsis that HDA1 class deacetylase represses the gene expression in 

SA biosynthesis and SA-mediated defense-associated pathogenesis-related (PR) proteins. Also, 

when oxidative stress was induced via pathogen attack, the activities of HDA19 (deacetylation of 

the promoter regions), was significantly reduced and this led to promoter acetylation, and 

increased SA accumulation and PR protein expression, initiating a defense response. 

Endogenous SA can be measured to determine if SIP428 modulates its levels to mitigate abiotic 

stress tolerance.  

Further work is needed to identify ROS metabolism-related genes during osmotic and 

salinity stress through genome-wide, transcriptome, and metabolomic analysis. Changes in gene 

expression patterns of stress-regulated cis-acting elements, and stress-responsive transcription 

factors have been linked to responses during abiotic stress as the translation of these genes can be 

used to prevent from oxidative damage (Singh et al. 2019). Also, it is important to note that ROS 

signaling is in three parts; generation, accumulation, and detoxification (Huang et al. 2019). We 

investigated ROS detoxification in this current study, however, SIP428 might be playing a more 

significant role in either generation or accumulation based on its subcellular localization. Thakuri 

in 2018 investigated the subcellular localization of SIP428 using confocal microscopy and 

subcellular fractionation and concluded that it was localized in the mitochondria as was reported 

for AtSRT2. However, recent in silico analysis predicted SIP428 to be localized in the chloroplast 

(#Appendix C). Since the chloroplast generates more ROS under stress, the presence of SIP428 

in the chloroplast might play a significant role in ROS generation under abiotic stress. Another 
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mechanism that can be investigated further is the ROS detoxification using non-enzymatic 

antioxidants, especially proline and ascorbic acid pathways as these two play very important 

roles in scavenging ROS during abiotic stress (Sun et al. 2020).  
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APPENDICES 

Appendix A: Abbreviations 

SABP2: Salicylic Acid Binding Protein 2 

SIP428: SABP2-Interacting protein 428 

XNN/ WT: Wild-type plants (Nicotiana tabacum cv Xanthi nc) 

NaCl: Sodium Chloride 

H2O2: Hydrogen peroxide 

SA: Salicylic Acid 

ROS: Reactive oxygen species 

CAT: Catalase 

POD: Guaiacol Peroxidase 

g: gram 

L: Litres, metric unit of volume 

M: Molar, unit of concentration molarity 

μL: microliter (10-6 L) 

mL: milliliters (10-3 L) 

μM: micro-Molar (10-6 M) 

mM: milli Molar (10-3 M) 

pH: potential of hydrogen (measures acidity or basicity of a solution) 

SEM/ SE: Standard Error of Mean  
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Appendix B: Buffers and Reagents 

½ x MS Media plates: Dissolve the following reagents in each proportion listed 

Murashige and Skoog (MS) powder: 2.2g/L 

Sucrose: 1% total volume 

Phyto agar: 8g/L 

MilliQ water: Adjust to total volume (L) 

Gamborg B5 Vitamin solution (1000x) 

To make 100ml total volume of ½ x MS Media plates:  In a beaker, 90mL of milliQ water was 

combined with 0.22g MS powder and 1g Sucrose; this was mixed properly using the magnetic 

stirrer. With the help of a pH meter, the pH was adjusted to 5.9 using 1M KOH. This mixture/ 

solution was transferred to an autoclave bottle/ flask (500ml) and 0.8g Phyto agar was added and 

mixed. The final volume was adjusted to 100ml with water and stirred thoroughly. This solution 

was autoclaved for 15mins, and an autoclave tape is kept on the bottle for color confirmation. 

In a 55C water bath, the autoclaved media was allowed to cool for 10-15mins. Before pouring 

into petri-plates (100mm x 15mm) under the Laminar Airflow hood, 100 l (1000x) vitamin 

solution, thawed in 37C water bath was transferred into the media, and stirred thoroughly. 

½ x MS media plate with NaCl 

Molecular weight of NaCl = 58.44 gmol-1 

 100mM NaCl:  5.84g/L 

150mM NaCl:  8.77g/L 

175mM NaCl:  10.23g/L 

200mM NaCl:  11.69g/L 

For 250ml total volume of ½ x MS Media plates with 100mM/150mM/175mM/200mM 

NaCl:  

In a beaker, 240ml of milliQ water was combined with 0.55g MS powder, 2.5g Sucrose 

and 1.46g NaCl (100mM), 2.19g NaCl (150mM), 2.56g NaCl (175mM), or 2.92g NaCl 
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(200mM) and mixed properly with a stirrer. The pH of the solution was adjusted to 5.9 

with 1M KOH. And finally, 2g Phyto agar was transferred into the solution in an 

autoclave bottle and the final volume was adjusted to 250ml with water. After stirring 

properly, the solution was placed in the autoclave for 15mins. 

Media was placed in a 55C water bath for 10-15mins to cool. 250l thawed (1000x) 

vitamin solution was transferred into the media and mix thoroughly just before pouring 

into petri-plates (150mm x 30mm) under the Laminar Airflow hood. 

½ x MS media plates with Mannitol 

Molecular weight of Mannitol = 182.17g/mol 

100mM Mannitol: 18.22g/L 

150mM Mannitol: 27.33g/L 

175mM Mannitol: 31.88g/L 

200mM Mannitol: 36.43g/L 

For 250ml total volume of ½ x MS Media plates with 100mM/150mM/175mM/200mM 

Mannitol:  

In a beaker, 240ml of milliQ water was transferred using a measuring cylinder, and 0.55g 

MS powder, 2.5g Sucrose was combined with 4.56g Mannitol (100mM), 6.83g Mannitol 

(150mM), 7.97g Mannitol (175mM), or 9.11g Mannitol (200mM) and mix properly. The 

pH of the solution was adjusted to 5.9 with 1M KOH. And finally, 2g Phyto agar was 

transferred into the solution in an autoclave bottle and the final volume was adjusted to 

250ml with water. After stirring properly, the solution was placed in the autoclave for 

15mins. 

Media was placed in a 55C water bath for 10-15mins to cool. 250l thawed (1000x) 

vitamin solution was transferred into the media and mix thoroughly just before pouring 

into petri-plates (150mm x 30mm) under Laminar Airflow hood. 

Gamborg B5 Vitamin (1000x vit solution):  
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The following reagents were disssolved in approximately 100ml MilliQ water. Filter-

sterilized and aliquoted in 10mL tubes. These were stored at -20C and thawed at 37C 

before usage. 

 

Thiamine-HCl  1gm (1mg/ml) 

Nicotinic acid  100mg (0.5mg/ml) 

Myo-inositol  10gm 

Pyridoxine- HCl 100mg (0.5mg/ml) 

NaHPO4 (Sodium Phosphate) Buffers (Store in -4C) 

NaHPO4 Monobasic (anhydrous) molecular weight: 119.98gmol-1 

To make 0.2M Monobasic: Dissolve 23.99g NaHPO4 Monobasic in 1000ml water 

NaHPO4 Dibasic (Anhydrous) molecular weight: 141.96 gmol-1 

To make 0.2M Dibasic: Dissolve 28.39g NaHPO4 Dibasic in 1000mL water 

0.1M pH 7.0 buffer: 39mL of 0.2M NaHPO4 monobasic + 61ml of 0.2M NaHPO4 

dibasic + 100mL milliQ water. 

0.1M pH 6.1 buffer: 85mL of 0.2M NaHPO4 monobasic + 15mL of 0.2M NaHPO4 

dibasic + 100ml milliQ water. 

0.1M pH 7.2 buffer: 28mL 0.2M NaHPO4 monobasic + 72mL 0.2M NaHPO4 dibasic + 

100mL milliQ water. 

After stirring properly, autoclave for 15mins and Store at -4C. 

Assay chemicals 

H2O2: Hydrogen peroxide (8.8M Stock solution),  

20mM for CAT assay: dilute 440 times with pH 7.2 buffer. Store at -4C 

To make 200mM stock: add 80L to 3.52mL pH 7.2 buffer.  

2mM for POD assay: dilute 4,400 times with pH 6.1 buffer. Store at -4C 
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To make 20mM stock: add 8L to 3.52mL pH 6.1 buffer. 

Guaiacol: 8M Stock solution,  

16mM for POD: dilute 500 times with Milli-Q water. Store at -4C 

To make 160mM stock: add 200L to 10mL milliQ water. 

EDTA: 500mM Stock,  

10mM for Extraction: dilute 50 times with water. Store at room temperature 

To make 10mM stock: add 0.2L to 10mL milliQ water. 

Protein extraction from Frozen leaves 

1mL of 0.1M pH 7.0 buffer and 0.5L 0f 10mM EDTA were transferred into tubes with 

frozen leaf samples (100mg) on ice. The mixture was homogenized by grinding using 

either the hand-held, digital, or fast protein grinder while keeping on ice. These 

homogenized samples were centrifuged at 13,000 x for 20mins in the cold room.  

Pellets and supernatant were separated, and the supernatant was used for protein 

quantification and enzyme assays. Please note that samples were always kept on ice. 

Protein quantification using Bradford reagent 

In a 1.5ml Eppendorf, 800L of water was transferred, then (1-3l) protein sample was 

added from the supernatant. 200L of Bradford reagent was then added to the tube and 

vortexed for mixing. All experiments were kept at normal room temperature for 5mins.  

The spectrophotometer was blanked at 595nm with the mixture without protein sample. 

The absorbance of all samples was calculated at 595nm. 

The equation of the line from the BSA standard curve was used to quantify protein 

concentration (per L protein) and a known concentration was selected (g/L) for each 

assay. 

Catalase Assay 
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Spectrophotometer: 1mL Assay solution contained 900 L (100mM pH 7.2 buffer and 

20mM H2O2) and 100 L enzyme (50g/L). The reaction was linear for 30minutes; @ 

5mins interval. 

Microplate Reader: 200L assay solution contained 100L (100mM pH 7.2 buffer), 

20L (200mM H2O2) and 80L (water + enzyme (2g/L (final standardized 

concentration), 20g/L or 40 g/L)). These were made in excess since they would be 

transferred into 96- microplate well plates using the multi-channel pipettes. The reaction 

was linear for 10-30minutes; 10 mins @ 1min intervals was standardized for this 

assay. 

Guaiacol Peroxidase Assay 

Spectrophotometer: 1mL Assay solution contained 900 L (100mM pH 6.1 buffer, 

160mM guaiacol and 20mM H2O2) and 100 L enzyme (50g/L). The reaction was 

linear for 30minutes; @ 5mins interval. 

Microplate Reader: 200L assay solution contained 120l (100mM pH 6.1 buffer), 

20L (20mM H2O2), 20L (160mM guaiacol) and 40l (water + enzyme (2g/L, 

5g/L (final standardized concentration) or 10g/L)). These were made in excess 

because they would get transferred into 96- microplate well plates using the multi-

channel pipettes. The reaction was linear for 15-30minutes; 20 mins @ 2min interval 

was standardized for this assay. 
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A graph showing the linear relationship/ increase in absorbance at 470nm over 

15mins. 
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Appendix C: Data and Tables 

BSA Standard Curve 

BSA Concentration (mg/ml) A1 @ 595nm A2 @ 595nm A3 @ 595nm Mean Absorbance SE

0 0

0.5 0.042 0.047 0.047 0.045 0.002

1 0.053 0.057 0.068 0.059 0.004

1.5 0.108 0.107 0.081 0.099 0.009

2 0.131 0.148 0.073 0.117 0.023

2.5 0.144 0.156 0.163 0.154 0.006

3 0.171 0.189 0.24 0.200 0.021

3.5 0.226 0.189 0.266 0.227 0.022

4 0.226 0.257 0.303 0.262 0.022  

Table 1. Shows data for BSA Standard curve, Where A1, A2, and A3 signify BSA absorbance @ 

595nm for replicate experiments 1,2 and 3 respectively. 

OSMOTIC STRESS 

PEROXIDASE ACTIVITY IN 7 DAYS MANNITOL-STRESSED PLANTS 

FIG 2: POD MANN 7 DAYS

0mM 150mM 200mM

REPLICATESMSI-2-7 WT MSI-2-7 WT MSI-2-7 WT

1 0.856 0.703 1.416 1.225 0.935 0.935

2 0.561 0.794 1.311 1.404 1.353 1.42

MEAN 0.71 0.75 1.36 1.31 1.14 1.18

SE 0.15 0.05 0.05 0.09 0.21 0.24

MANNITOL

 

EXPERIMENT 2. Data shows mean and SEM of the peroxidase activity in replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0, 150mM and 

200mM) for 7 days. 
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Number of families 1

Number of comparisons per family 15

Alpha 0.05

Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM Mannitol WT vs. 0mM Mannitol sip 4280.04 -0.8107 to 0.8907No ns >0.9999 A-B

0mM Mannitol WT vs. 150mM Mannitol WT-0.566 -1.417 to 0.2847No ns 0.2174 A-C

0mM Mannitol WT vs. 150mM Mannitol sip428-0.615 -1.466 to 0.2357No ns 0.1682 A-D

0mM Mannitol WT vs. 200mM Mannitol WT-0.429 -1.280 to 0.4217No ns 0.4313 A-E

0mM Mannitol WT vs. 200mM Mannitol sip428-0.3955 -1.246 to 0.4552No ns 0.5021 A-F

0mM Mannitol sip 428 vs. 150mM Mannitol WT-0.606 -1.457 to 0.2447No ns 0.1764 B-C

0mM Mannitol sip 428 vs. 150mM Mannitol sip428-0.655 -1.506 to 0.1957No ns 0.1364 B-D

0mM Mannitol sip 428 vs. 200mM Mannitol WT-0.469 -1.320 to 0.3817No ns 0.3561 B-E

0mM Mannitol sip 428 vs. 200mM Mannitol sip428-0.4355 -1.286 to 0.4152No ns 0.4184 B-F

150mM Mannitol WT vs. 150mM Mannitol sip428-0.049 -0.8997 to 0.8017No ns 0.9999 C-D

150mM Mannitol WT vs. 200mM Mannitol WT0.137 -0.7137 to 0.9877No ns 0.9828 C-E

150mM Mannitol WT vs. 200mM Mannitol sip4280.1705 -0.6802 to 1.021No ns 0.9578 C-F

150mM Mannitol sip428 vs. 200mM Mannitol WT0.186 -0.6647 to 1.037No ns 0.941 D-E

150mM Mannitol sip428 vs. 200mM Mannitol sip4280.2195 -0.6312 to 1.070No ns 0.8931 D-F

200mM Mannitol WT vs. 200mM Mannitol sip4280.0335 -0.8172 to 0.8842No ns >0.9999 E-F

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

0mM Mannitol WT vs. 0mM Mannitol sip 4280.7485 0.7085 0.04 0.214 2 2 0.26 6

0mM Mannitol WT vs. 150mM Mannitol WT0.7485 1.315 -0.566 0.214 2 2 3.75 6

0mM Mannitol WT vs. 150mM Mannitol sip4280.7485 1.364 -0.615 0.214 2 2 4.07 6

0mM Mannitol WT vs. 200mM Mannitol WT0.7485 1.178 -0.429 0.214 2 2 2.84 6

0mM Mannitol WT vs. 200mM Mannitol sip4280.7485 1.144 -0.396 0.214 2 2 2.62 6

0mM Mannitol sip 428 vs. 150mM Mannitol WT0.7085 1.315 -0.606 0.214 2 2 4.01 6

0mM Mannitol sip 428 vs. 150mM Mannitol sip4280.7085 1.364 -0.655 0.214 2 2 4.33 6

0mM Mannitol sip 428 vs. 200mM Mannitol WT0.7085 1.178 -0.469 0.214 2 2 3.1 6

0mM Mannitol sip 428 vs. 200mM Mannitol sip4280.7085 1.144 -0.436 0.214 2 2 2.88 6

150mM Mannitol WT vs. 150mM Mannitol sip4281.315 1.364 -0.049 0.214 2 2 0.32 6

150mM Mannitol WT vs. 200mM Mannitol WT1.315 1.178 0.137 0.214 2 2 0.91 6

150mM Mannitol WT vs. 200mM Mannitol sip4281.315 1.144 0.171 0.214 2 2 1.13 6

150mM Mannitol sip428 vs. 200mM Mannitol WT1.364 1.178 0.186 0.214 2 2 1.23 6

150mM Mannitol sip428 vs. 200mM Mannitol sip4281.364 1.144 0.22 0.214 2 2 1.45 6

200mM Mannitol WT vs. 200mM Mannitol sip4281.178 1.144 0.034 0.214 2 2 0.22 6  

One-way ANOVA Experiment 2. Data shows the mean peroxidase activity standard error of 

two replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) from which the 

peroxidase activity is measured from, at different concentrations of Mannitol (0mm, 150mm, and 

200mm) showing statistical significance (at p-value  0.05). 
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FIG 3: POD MANN 7 DAYS

0mM 100mM 175mM

REPLICATESMSI-2-7 WT MSI-2-7 WT MSI-2-7 WT

1 0.614 0.695 1.218 1.028 1.422 1.119

2 0.602 0.766 1.287 0.969 1.367 0.955

MEAN 0.61 0.73 1.25 1.00 1.39 1.04

SE 0.01 0.04 0.03 0.03 0.03 0.08

MANNITOL

 

Experiment 3. Data shows mean and SEM of the peroxidase activity in replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0, 100mM and 

175mM) for 7 days. 
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Number of families 1

Number of comparisons per family 15

Alpha 0.05

Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM Mannitol WT vs. 0mM Mannitol sip 4280.1225 -0.1167 to 0.3617No ns 0.418 A-B

0mM Mannitol WT vs. 100mM Mannitol WT-0.268 -0.5072 to -0.02880Yes * 0.0305 A-C

0mM Mannitol WT vs. 100mM Mannitol sip428-0.522 -0.7612 to -0.2828Yes ** 0.001 A-D

0mM Mannitol WT vs. 175mM Mannitol WT-0.3065 -0.5457 to -0.06730Yes * 0.0163 A-E

0mM Mannitol WT vs. 175mM Mannitol sip428-0.664 -0.9032 to -0.4248Yes *** 0.0003 A-F

0mM Mannitol sip 428 vs. 100mM Mannitol WT-0.3905 -0.6297 to -0.1513Yes ** 0.0049 B-C

0mM Mannitol sip 428 vs. 100mM Mannitol sip428-0.6445 -0.8837 to -0.4053Yes *** 0.0003 B-D

0mM Mannitol sip 428 vs. 175mM Mannitol WT-0.429 -0.6682 to -0.1898Yes ** 0.003 B-E

0mM Mannitol sip 428 vs. 175mM Mannitol sip428-0.7865 -1.026 to -0.5473Yes *** 0.0001 B-F

100mM Mannitol WT vs. 100mM Mannitol sip428-0.254 -0.4932 to -0.01480Yes * 0.0386 C-D

100mM Mannitol WT vs. 175mM Mannitol WT-0.0385 -0.2777 to 0.2007No ns 0.9829 C-E

100mM Mannitol WT vs. 175mM Mannitol sip428-0.396 -0.6352 to -0.1568Yes ** 0.0045 C-F

100mM Mannitol sip428 vs. 175mM Mannitol WT0.2155 -0.02370 to 0.4547No ns 0.0764 D-E

100mM Mannitol sip428 vs. 175mM Mannitol sip428-0.142 -0.3812 to 0.09720No ns 0.2975 D-F

175mM Mannitol WT vs. 175mM Mannitol sip428-0.3575 -0.5967 to -0.1183Yes ** 0.0076 E-F

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

0mM Mannitol WT vs. 0mM Mannitol sip 4280.7305 0.608 0.1225 0.0601 2 2 2.88 6

0mM Mannitol WT vs. 100mM Mannitol WT0.7305 0.9985 -0.268 0.0601 2 2 6.31 6

0mM Mannitol WT vs. 100mM Mannitol sip4280.7305 1.253 -0.522 0.0601 2 2 12.3 6

0mM Mannitol WT vs. 175mM Mannitol WT0.7305 1.037 -0.307 0.0601 2 2 7.21 6

0mM Mannitol WT vs. 175mM Mannitol sip4280.7305 1.395 -0.664 0.0601 2 2 15.6 6

0mM Mannitol sip 428 vs. 100mM Mannitol WT0.608 0.9985 -0.391 0.0601 2 2 9.19 6

0mM Mannitol sip 428 vs. 100mM Mannitol sip4280.608 1.253 -0.645 0.0601 2 2 15.2 6

0mM Mannitol sip 428 vs. 175mM Mannitol WT0.608 1.037 -0.429 0.0601 2 2 10.1 6

0mM Mannitol sip 428 vs. 175mM Mannitol sip4280.608 1.395 -0.787 0.0601 2 2 18.5 6

100mM Mannitol WT vs. 100mM Mannitol sip4280.9985 1.253 -0.254 0.0601 2 2 5.98 6

100mM Mannitol WT vs. 175mM Mannitol WT0.9985 1.037 -0.039 0.0601 2 2 0.91 6

100mM Mannitol WT vs. 175mM Mannitol sip4280.9985 1.395 -0.396 0.0601 2 2 9.32 6

100mM Mannitol sip428 vs. 175mM Mannitol WT1.253 1.037 0.2155 0.0601 2 2 5.07 6

100mM Mannitol sip428 vs. 175mM Mannitol sip4281.253 1.395 -0.142 0.0601 2 2 3.34 6

175mM Mannitol WT vs. 175mM Mannitol sip4281.037 1.395 -0.358 0.0601 2 2 8.41 6  

One-way ANOVA Experiment 3. Data shows the One-way analysis of variance between two 

replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at different mannitol 

concentrations (0mM, 100mM, and 175mM) showing statistical significance (at p-value  0.05). 

PEROXIDASE ACTIVITY IN 14 DAYS MANNITOL-STRESSED PLANTS 
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FIG 4: POD MANN 14DAYS

0mM 150mM

REPLICATES MSI-2-7 WT MSI-2-7 WT

1 0.154 0.376 0.698 0.577

2 0.168 0.356 0.819 0.577

3 0.161 0.356 0.705 0.618

MEAN 0.16 0.36 0.74 0.59

SE 0.00 0.01 0.03 0.01

MANNITOL

 

Experiment 4. Data shows mean and SEM of the peroxidase activity in three replicates of 

control (WT) and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0mM and 

150mM) for 14 days. 

Number of families 1

Number of comparisons per family 10

Alpha 0.05

Tukey's multiple comparisons testMean Diff. 95.00% CI of diff.Below threshold?Summary Adjusted P Value

0mM Mannitol WT vs. 0mM Mannitol WT0.02667 -0.08187 to 0.1352No ns 0.9221 A-B

0mM Mannitol WT vs. 0mM Mannitol sip 4280.2317 0.1231 to 0.3402Yes *** 0.0003 A-C

0mM Mannitol WT vs. 150mM Mannitol WT-0.2083 -0.3169 to -0.09979Yes *** 0.0006 A-D

0mM Mannitol WT vs. 150mM Mannitol sip428-0.3407 -0.4492 to -0.2321Yes **** <0.0001 A-E

0mM Mannitol WT vs. 0mM Mannitol sip 4280.205 0.09646 to 0.3135Yes *** 0.0007 B-C

0mM Mannitol WT vs. 150mM Mannitol WT-0.235 -0.3435 to -0.1265Yes *** 0.0002 B-D

0mM Mannitol WT vs. 150mM Mannitol sip428-0.3673 -0.4759 to -0.2588Yes **** <0.0001 B-E

0mM Mannitol sip 428 vs. 150mM Mannitol WT-0.44 -0.5485 to -0.3315Yes **** <0.0001 C-D

0mM Mannitol sip 428 vs. 150mM Mannitol sip428-0.5723 -0.6809 to -0.4638Yes **** <0.0001 C-E

150mM Mannitol WT vs. 150mM Mannitol sip428-0.1323 -0.2409 to -0.02379Yes * 0.0164 D-E

Test details Mean 1 Mean 2 Mean Diff. SE of diff.n1 n2 q DF

0mM Mannitol WT vs. 0mM Mannitol WT0.3627 0.336 0.02667 0.03298 3 3 1.14 10

0mM Mannitol WT vs. 0mM Mannitol sip 4280.3627 0.131 0.2317 0.03298 3 3 9.93 10

0mM Mannitol WT vs. 150mM Mannitol WT0.3627 0.571 -0.2083 0.03298 3 3 8.93 10

0mM Mannitol WT vs. 150mM Mannitol sip4280.3627 0.7033 -0.3407 0.03298 3 3 14.6 10

0mM Mannitol WT vs. 0mM Mannitol sip 4280.336 0.131 0.205 0.03298 3 3 8.79 10

0mM Mannitol WT vs. 150mM Mannitol WT0.336 0.571 -0.235 0.03298 3 3 10.1 10

0mM Mannitol WT vs. 150mM Mannitol sip4280.336 0.7033 -0.3673 0.03298 3 3 15.8 10

0mM Mannitol sip 428 vs. 150mM Mannitol WT0.131 0.571 -0.44 0.03298 3 3 18.9 10

0mM Mannitol sip 428 vs. 150mM Mannitol sip4280.131 0.7033 -0.5723 0.03298 3 3 24.5 10

150mM Mannitol WT vs. 150mM Mannitol sip4280.571 0.7033 -0.1323 0.03298 3 3 5.68 10  

One-Way ANOVA Experiment 4. Data shows the one-way analysis of variance between the 

peroxidase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced 
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plants) at different mannitol concentrations (0mM, and 150mM) in 14 days showing statistical 

significance (at p-value  0.05). 

FIG 5:POD MANN 14 DAYS

0mM 150mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.125 0.34 0.661 0.636

2 0.12 0.348 0.78 0.538

3 0.148 0.32 0.669 0.539

MEAN 0.13 0.34 0.70 0.57

SE 0.01 0.01 0.04 0.03

MANNITOL

 

Experiment 5. Data shows mean and SEM of three replicates of control (WT) and MSI-2-7 

(SIP-428 silenced plants) under mannitol stress treatment (0mM and 150mM) for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?Summary Adjusted P Value

0mM Mannitol WT vs. 0mM Mannitol sip 4280.2017 0.1060 to 0.2974Yes *** 0.0007 A-B

0mM Mannitol WT vs. 150mM Mannitol WT-0.228 -0.3237 to -0.1323Yes *** 0.0003 A-C

0mM Mannitol WT vs. 150mM Mannitol sip428-0.378 -0.4737 to -0.2823Yes **** <0.0001 A-D

0mM Mannitol sip 428 vs. 150mM Mannitol WT-0.4297 -0.5254 to -0.3340Yes **** <0.0001 B-C

0mM Mannitol sip 428 vs. 150mM Mannitol sip428-0.5797 -0.6754 to -0.4840Yes **** <0.0001 B-D

150mM Mannitol WT vs. 150mM Mannitol sip428-0.15 -0.2457 to -0.05431Yes ** 0.0045 C-D

Test details Mean 1 Mean 2 Mean Diff.SE of diff. n1 n2 q DF

0mM Mannitol WT vs. 0mM Mannitol sip 4280.3627 0.161 0.2017 0.02988 3 3 9.55 8

0mM Mannitol WT vs. 150mM Mannitol WT0.3627 0.5907 -0.228 0.02988 3 3 10.8 8

0mM Mannitol WT vs. 150mM Mannitol sip4280.3627 0.7407 -0.378 0.02988 3 3 17.9 8

0mM Mannitol sip 428 vs. 150mM Mannitol WT0.161 0.5907 -0.43 0.02988 3 3 20.3 8

0mM Mannitol sip 428 vs. 150mM Mannitol sip4280.161 0.7407 -0.58 0.02988 3 3 27.4 8

150mM Mannitol WT vs. 150mM Mannitol sip4280.5907 0.7407 -0.15 0.02988 3 3 7.1 8  

One-Way ANOVA Experiment 5. Data shows the one-way analysis of variance between the 

peroxidase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced 

plants) at different mannitol concentrations (0mM, and 150mM) in 14 days showing statistical 

significance (at p-value  0.05). 

CATALASE ACTIVITY IN 7 DAYS-MANNITOL STRESSED PLANTS 
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FIG 6: CAT MANN 7 DAYS

0mM 150mM 200mM

REPLICATESMSI-2-7 WT MSI-2-7 WT MSI-2-7 WT

1 0.053 0.077 0.032 0.059 0.059 0.092

2 0.078 0.064 0.021 0.053 0.03 0.032

MEAN 0.066 0.071 0.027 0.056 0.045 0.062

SE 0.013 0.007 0.005 0.003 0.015 0.030

MANNITOL

 

Experiment 6. Data shows mean and SEM of catalase activity in two replicates of control (WT) 

and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0mM, 150mM, and 

200mM) for 7 days. 
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Number of families 1

Number of comparisons per family 15

Alpha 0.05

Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM Mannitol WT vs. 0mM Mannitol sip4280.005 -0.07936 to 0.08936No ns 0.9998 A-B

0mM Mannitol WT vs. 150mM Mannitol WT0.0145 -0.06986 to 0.09886No ns 0.9774 A-C

0mM Mannitol WT vs. 150mM Mannitol sip4280.044 -0.04036 to 0.1284No ns 0.4024 A-D

0mM Mannitol WT vs. 200mM Mannitol WT0.0085 -0.07586 to 0.09286No ns 0.9979 A-E

0mM Mannitol WT vs. 200mM Mannitol sip4280.026 -0.05836 to 0.1104No ns 0.8116 A-F

0mM Mannitol sip428 vs. 150mM Mannitol WT0.0095 -0.07486 to 0.09386No ns 0.9965 B-C

0mM Mannitol sip428 vs. 150mM Mannitol sip4280.039 -0.04536 to 0.1234No ns 0.507 B-D

0mM Mannitol sip428 vs. 200mM Mannitol WT0.0035 -0.08086 to 0.08786No ns >0.9999 B-E

0mM Mannitol sip428 vs. 200mM Mannitol sip4280.021 -0.06336 to 0.1054No ns 0.9055 B-F

150mM Mannitol WT vs. 150mM Mannitol sip4280.0295 -0.05486 to 0.1139No ns 0.7323 C-D

150mM Mannitol WT vs. 200mM Mannitol WT-0.006 -0.09036 to 0.07836No ns 0.9996 C-E

150mM Mannitol WT vs. 200mM Mannitol sip4280.0115 -0.07286 to 0.09586No ns 0.9917 C-F

150mM Mannitol sip428 vs. 200mM Mannitol WT-0.0355 -0.1199 to 0.04886No ns 0.5881 D-E

150mM Mannitol sip428 vs. 200mM Mannitol sip428-0.018 -0.1024 to 0.06636No ns 0.9463 D-F

200mM Mannitol WT vs. 200mM Mannitol sip4280.0175 -0.06686 to 0.1019No ns 0.9518 E-F

Test details Mean 1 Mean 2 Mean Diff. SE of diff.n1 n2 q DF

0mM Mannitol WT vs. 0mM Mannitol sip4280.0705 0.0655 0.005 0.0212 2 2 0.33 6

0mM Mannitol WT vs. 150mM Mannitol WT0.0705 0.056 0.0145 0.0212 2 2 0.97 6

0mM Mannitol WT vs. 150mM Mannitol sip4280.0705 0.0265 0.044 0.0212 2 2 2.94 6

0mM Mannitol WT vs. 200mM Mannitol WT0.0705 0.062 0.0085 0.0212 2 2 0.57 6

0mM Mannitol WT vs. 200mM Mannitol sip4280.0705 0.0445 0.026 0.0212 2 2 1.74 6

0mM Mannitol sip428 vs. 150mM Mannitol WT0.0655 0.056 0.0095 0.0212 2 2 0.63 6

0mM Mannitol sip428 vs. 150mM Mannitol sip4280.0655 0.0265 0.039 0.0212 2 2 2.6 6

0mM Mannitol sip428 vs. 200mM Mannitol WT0.0655 0.062 0.0035 0.0212 2 2 0.23 6

0mM Mannitol sip428 vs. 200mM Mannitol sip4280.0655 0.0445 0.021 0.0212 2 2 1.4 6

150mM Mannitol WT vs. 150mM Mannitol sip4280.056 0.0265 0.0295 0.0212 2 2 1.97 6

150mM Mannitol WT vs. 200mM Mannitol WT0.056 0.062 -0.006 0.0212 2 2 0.4 6

150mM Mannitol WT vs. 200mM Mannitol sip4280.056 0.0445 0.0115 0.0212 2 2 0.77 6

150mM Mannitol sip428 vs. 200mM Mannitol WT0.0265 0.062 -0.0355 0.0212 2 2 2.37 6

150mM Mannitol sip428 vs. 200mM Mannitol sip4280.0265 0.0445 -0.018 0.0212 2 2 1.2 6

200mM Mannitol WT vs. 200mM Mannitol sip4280.062 0.0445 0.0175 0.0212 2 2 1.17 6  

One-Way ANOVA Experiment 6. Data shows the one-way analysis of variance between the 

catalase activity of two replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 

different mannitol concentrations (0mM, 150mM, and 200mM) in 7 days showing statistical 

significance (at p-value  0.05). 
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FIG 7: CAT MANN 14DAYS

0mM 150mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.018 0.025 0.016 0.018

2 0.018 0.02 0.026 0.021

3 0.015 0.019 0.029 0.021

MEAN 0.017 0.021 0.024 0.020

SE 0.0010 0.0019 0.0039 0.0010

MANNITOL

 

Experiment 7. Data shows mean and SEM of catalase activity in three replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0mM, and 

150mM) for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

OmM Mannitol WT vs. 0mM Mannitol sip4280.004333 -0.006016 to 0.01468No ns 0.5651 A-B

OmM Mannitol WT vs. 150mM Mannitol WT0.001333 -0.009016 to 0.01168No ns 0.9748 A-C

OmM Mannitol WT vs. 150mM Mannitol sip428-0.00233 -0.01268 to 0.008016No ns 0.8857 A-D

0mM Mannitol sip428 vs. 150mM Mannitol WT-0.003 -0.01335 to 0.007349No ns 0.7912 B-C

0mM Mannitol sip428 vs. 150mM Mannitol sip428-0.00667 -0.01702 to 0.003683No ns 0.2433 B-D

150mM Mannitol WT vs. 150mM Mannitol sip428-0.00367 -0.01402 to 0.006683No ns 0.6802 C-D

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

OmM Mannitol WT vs. 0mM Mannitol sip4280.02133 0.017 0.00433 0.0032 3 3 1.9 8

OmM Mannitol WT vs. 150mM Mannitol WT0.02133 0.02 0.00133 0.0032 3 3 0.58 8

OmM Mannitol WT vs. 150mM Mannitol sip4280.02133 0.02367 -0.0023 0.0032 3 3 1.02 8

0mM Mannitol sip428 vs. 150mM Mannitol WT0.017 0.02 -0.003 0.0032 3 3 1.31 8

0mM Mannitol sip428 vs. 150mM Mannitol sip4280.017 0.02367 -0.0067 0.0032 3 3 2.92 8

150mM Mannitol WT vs. 150mM Mannitol sip4280.02 0.02367 -0.0037 0.0032 3 3 1.61 8  

One-Way ANOVA Experiment 7. Data shows the one-way analysis of variance between the 

catalase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) 

at different mannitol concentrations (0mM, and 150mM) in 14 days showing statistical 

significance (at p-value  0.05). 



 61 

FIG 8: CAT MANN 14 DAYS

0mM 150mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.0068 0.0107 0.0136 0.0093

2 0.0068 0.0107 0.0111 0.0143

3 0.0061 0.01 0.0107 0.0079

4 0.0082 0.008

MEAN 0.007 0.010 0.012 0.011

SE 0.0004 0.0006 0.0009 0.0019

MANNITOL

 

Experiment 8. Data shows mean and SEM of catalase activity in four replicates of control (WT) 

and MSI-2-7 (SIP-428 silenced plants) under mannitol stress treatment (0mM, and 150mM) for 

14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

OmM Mannitol WT vs. 0mM Mannitol sip4280.0029 -0.001160 to 0.006910No ns 0.1941 A-B

OmM Mannitol WT vs. 150mM Mannitol WT-0.0007 -0.005009 to 0.003709No ns 0.9669 A-C

OmM Mannitol WT vs. 150mM Mannitol sip428-0.002 -0.006309 to 0.002409No ns 0.5443 A-D

0mM Mannitol sip428 vs. 150mM Mannitol WT-0.0035 -0.007884 to 0.0008338No ns 0.125 B-C

0mM Mannitol sip428 vs. 150mM Mannitol sip428-0.0048 -0.009184 to -0.0004662Yes * 0.0297 B-D

150mM Mannitol WT vs. 150mM Mannitol sip428-0.0013 -0.005960 to 0.003360No ns 0.828 C-D

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

OmM Mannitol WT vs. 0mM Mannitol sip4280.0099 0.007 0.003 0.0013 4 4 3.1 10

OmM Mannitol WT vs. 150mM Mannitol WT0.0099 0.0105 -0 0.0014 4 3 0.6 10

OmM Mannitol WT vs. 150mM Mannitol sip4280.0099 0.0118 -0 0.0014 4 3 1.9 10

0mM Mannitol sip428 vs. 150mM Mannitol WT0.007 0.0105 -0 0.0014 4 3 3.5 10

0mM Mannitol sip428 vs. 150mM Mannitol sip4280.007 0.0118 -0 0.0014 4 3 4.8 10

150mM Mannitol WT vs. 150mM Mannitol sip4280.0105 0.0118 -0 0.0015 3 3 1.2 10  

One-Way ANOVA Experiment 8. Data shows the one-way analysis of variance between the 

catalase activity of four replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 

different mannitol concentrations (0mM, and 150mM) in 14 days showing statistical significance 

(at p-value  0.05). 
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SALINITY STRESS  

PEROXIDASE ACTIVITY IN NACL-STRESS PLANTS FOR 7 DAYS 

FIG 9: POD NACL 7 DAYS

0mM 150mM 200mM

REPLICATES MSI-2-7 WT MSI-2-7 WT MSI-2-7 WT

1 0.433 0.413 1.56 1.363 2.139 2.233

2 0.411 0.675 1.56 1.428 2.172 2.262

3 0.505 0.735 1.65 1.65 1.962 2.367

MEAN 0.45 0.61 1.59 1.48 2.09 2.29

SE 0.03 0.10 0.03 0.09 0.07 0.04

NACL

 

Experiment 9. Data shows mean and SEM of peroxidase activity in three replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, 150mM and 

200mM) for 7 days. 
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Number of families 1

Number of comparisons per family 15

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip 4280.158 -0.1482 to 0.4642No ns 0.5375 A-B

0mM NaCl WT vs. 150mM NaCl WT-0.873 -1.179 to -0.5664Yes **** <0.0001 A-C

0mM NaCl WT vs. 150mM NaCl sip428-0.982 -1.289 to -0.6761Yes **** <0.0001 A-D

0mM NaCl WT vs. 200mM NaCl WT-1.68 -1.986 to -1.373Yes **** <0.0001 A-E

0mM NaCl WT vs. 200mM NaCl sip428-1.483 -1.790 to -1.177Yes **** <0.0001 A-F

0mM NaCl sip 428 vs. 150mM NaCl WT-1.031 -1.337 to -0.7244Yes **** <0.0001 B-C

0mM NaCl sip 428 vs. 150mM NaCl sip428-1.14 -1.447 to -0.8341Yes **** <0.0001 B-D

0mM NaCl sip 428 vs. 200mM NaCl WT-1.838 -2.144 to -1.531Yes **** <0.0001 B-E

0mM NaCl sip 428 vs. 200mM NaCl sip428-1.641 -1.948 to -1.335Yes **** <0.0001 B-F

150mM NaCl WT vs. 150mM NaCl sip428-0.11 -0.4159 to 0.1966No ns 0.8275 C-D

150mM NaCl WT vs. 200mM NaCl WT-0.807 -1.113 to -0.5008Yes **** <0.0001 C-E

150mM NaCl WT vs. 200mM NaCl sip428-0.611 -0.9169 to -0.3044Yes *** 0.0002 C-F

150mM NaCl sip428 vs. 200mM NaCl WT-0.697 -1.004 to -0.3911Yes **** <0.0001 D-E

150mM NaCl sip428 vs. 200mM NaCl sip428-0.501 -0.8072 to -0.1948Yes ** 0.0015 D-F

200mM NaCl WT vs. 200mM NaCl sip4280.1963 -0.1099 to 0.5026No ns 0.3245 E-F

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip 4280.6077 0.45 0.16 0.091 3 3 2.5 12

0mM NaCl WT vs. 150mM NaCl WT0.6077 1.48 -0.9 0.091 3 3 14 12

0mM NaCl WT vs. 150mM NaCl sip4280.6077 1.59 -1 0.091 3 3 15 12

0mM NaCl WT vs. 200mM NaCl WT0.6077 2.287 -1.7 0.091 3 3 26 12

0mM NaCl WT vs. 200mM NaCl sip4280.6077 2.091 -1.5 0.091 3 3 23 12

0mM NaCl sip 428 vs. 150mM NaCl WT0.4497 1.48 -1 0.091 3 3 16 12

0mM NaCl sip 428 vs. 150mM NaCl sip4280.4497 1.59 -1.1 0.091 3 3 18 12

0mM NaCl sip 428 vs. 200mM NaCl WT0.4497 2.287 -1.8 0.091 3 3 29 12

0mM NaCl sip 428 vs. 200mM NaCl sip4280.4497 2.091 -1.6 0.091 3 3 25 12

150mM NaCl WT vs. 150mM NaCl sip4281.48 1.59 -0.1 0.091 3 3 1.7 12

150mM NaCl WT vs. 200mM NaCl WT1.48 2.287 -0.8 0.091 3 3 13 12

150mM NaCl WT vs. 200mM NaCl sip4281.48 2.091 -0.6 0.091 3 3 9.5 12

150mM NaCl sip428 vs. 200mM NaCl WT1.59 2.287 -0.7 0.091 3 3 11 12

150mM NaCl sip428 vs. 200mM NaCl sip4281.59 2.091 -0.5 0.091 3 3 7.8 12

200mM NaCl WT vs. 200mM NaCl sip4282.287 2.091 0.2 0.091 3 3 3 12  

One-Way ANOVA Experiment 9. Data shows the one-way analysis of variance between the 

catalase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) 
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at different NaCl concentrations (0mM, 150mM and 200mM) in 7 days showing statistical 

significance (at p-value  0.05). 

FIG 10: POD NACL 7 DAYS

0mM 100mM 175mM

REPLICATES MSI-2-7 WT MSI-2-7 WT MSI-2-7 WT

1 0.811 1.046 1.432 0.617 2.299 1.379

2 0.839 1.102 1.421 0.637 1.714 1.36

3 0.845 0.79 1.477 0.638 1.452 1.343

4 0.867 0.758 1.52 0.631 1.257 1.393

MEAN 0.84 0.92 1.46 0.63 1.68 1.37

SE 0.01 0.09 0.02 0.00 0.23 0.01

NACL

 

Experiment 10. Data shows mean and SEM of peroxidase activity in four replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, 100mM and 

175mM) for 7 days. 
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Number of families 1

Number of comparisons per family 15

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip 4280.0835 -0.3649 to 0.5319No ns 0.9903 A-B

0mM NaCl WT vs. 100mM NaCl WT 0.2933 -0.1552 to 0.7417No ns 0.3407 A-C

0mM NaCl WT vs. 100mM NaCl sip428-0.5385 -0.9869 to -0.09006Yes * 0.0136 A-D

0mM NaCl WT vs. 175mM NaCl WT-0.4448 -0.8932 to 0.003688No ns 0.0526 A-E

0mM NaCl WT vs. 175mM NaCl sip428-0.7565 -1.205 to -0.3081Yes *** 0.0005 A-F

0mM NaCl sip 428 vs. 100mM NaCl WT0.2098 -0.2387 to 0.6582No ns 0.6766 B-C

0mM NaCl sip 428 vs. 100mM NaCl sip428-0.622 -1.070 to -0.1736Yes ** 0.0039 B-D

0mM NaCl sip 428 vs. 175mM NaCl WT-0.5283 -0.9767 to -0.07981Yes * 0.0158 B-E

0mM NaCl sip 428 vs. 175mM NaCl sip428-0.84 -1.288 to -0.3916Yes *** 0.0002 B-F

100mM NaCl WT vs. 100mM NaCl sip428-0.8318 -1.280 to -0.3833Yes *** 0.0002 C-D

100mM NaCl WT vs. 175mM NaCl WT-0.738 -1.186 to -0.2896Yes *** 0.0007 C-E

100mM NaCl WT vs. 175mM NaCl sip428-1.05 -1.498 to -0.6013Yes **** <0.0001 C-F

100mM NaCl sip428 vs. 175mM NaCl WT0.09375 -0.3547 to 0.5422No ns 0.9837 D-E

100mM NaCl sip428 vs. 175mM NaCl sip428-0.218 -0.6664 to 0.2304No ns 0.6418 D-F

175mM NaCl WT vs. 175mM NaCl sip428-0.3118 -0.7602 to 0.1367No ns 0.281 E-F

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip 428 0.924 0.8405 0.08 0.141 4 4 0.84 18

0mM NaCl WT vs. 100mM NaCl WT 0.924 0.6308 0.29 0.141 4 4 2.94 18

0mM NaCl WT vs. 100mM NaCl sip4280.924 1.463 -0.5 0.141 4 4 5.4 18

0mM NaCl WT vs. 175mM NaCl WT 0.924 1.369 -0.4 0.141 4 4 4.46 18

0mM NaCl WT vs. 175mM NaCl sip4280.924 1.681 -0.8 0.141 4 4 7.58 18

0mM NaCl sip 428 vs. 100mM NaCl WT0.8405 0.6308 0.21 0.141 4 4 2.1 18

0mM NaCl sip 428 vs. 100mM NaCl sip4280.8405 1.463 -0.6 0.141 4 4 6.23 18

0mM NaCl sip 428 vs. 175mM NaCl WT0.8405 1.369 -0.5 0.141 4 4 5.29 18

0mM NaCl sip 428 vs. 175mM NaCl sip4280.8405 1.681 -0.8 0.141 4 4 8.42 18

100mM NaCl WT vs. 100mM NaCl sip4280.6308 1.463 -0.8 0.141 4 4 8.34 18

100mM NaCl WT vs. 175mM NaCl WT0.6308 1.369 -0.7 0.141 4 4 7.4 18

100mM NaCl WT vs. 175mM NaCl sip4280.6308 1.681 -1.1 0.141 4 4 10.5 18

100mM NaCl sip428 vs. 175mM NaCl WT1.463 1.369 0.09 0.141 4 4 0.94 18

100mM NaCl sip428 vs. 175mM NaCl sip4281.463 1.681 -0.2 0.141 4 4 2.19 18

175mM NaCl WT vs. 175mM NaCl sip4281.369 1.681 -0.3 0.141 4 4 3.12 18  

One-Way ANOVA Experiment 10. Data shows the one-way analysis of variance between the 

catalase activity of four replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 

different NaCl concentrations (0mM, 100mM and 175mM) in 7 days showing statistical 

significance (at p-value  0.05). 
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PEROXIDASE ACTIVITY IN NACL-STRESS PLANTS FOR 14 DAYS 

FIG 11:POD NACL 14 DAYS

0mM 200mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.807 0.641 2.523 1.823

2 0.803 0.66 2.539 1.851

3 0.81 0.699 1.825 1.61

4 1.115 1.022 1.746 1.35

MEAN 0.88 0.76 2.16 1.66

SE 0.08 0.09 0.22 0.12

NACL

 

Experiment 11. Data shows mean and SEM of peroxidase activity in four replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 200mM) 

for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip 4280.034 -0.7046 to 0.7726No ns 0.9973 A-B

0mM NaCl WT vs. 200mM NaCl WT-0.397 -1.135 to 0.3421No ns 0.2691 A-C

0mM NaCl WT vs. 200mM NaCl sip428-1.723 -2.462 to -0.9844Yes ** 0.0024 A-D

0mM NaCl sip 428 vs. 200mM NaCl WT-0.431 -1.169 to 0.3081No ns 0.2246 B-C

0mM NaCl sip 428 vs. 200mM NaCl sip428-1.757 -2.496 to -1.018Yes ** 0.0022 B-D

200mM NaCl WT vs. 200mM NaCl sip428-1.327 -2.065 to -0.5879Yes ** 0.0064 C-D

Test details Mean 1 Mean 2Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip 4280.334 0.3 0.03 0.2 2 2 0.3 4

0mM NaCl WT vs. 200mM NaCl WT0.334 0.73 -0.4 0.2 2 2 3.1 4

0mM NaCl WT vs. 200mM NaCl sip4280.334 2.06 -1.7 0.2 2 2 13 4

0mM NaCl sip 428 vs. 200mM NaCl WT0.3 0.73 -0.4 0.2 2 2 3.4 4

0mM NaCl sip 428 vs. 200mM NaCl sip4280.3 2.06 -1.8 0.2 2 2 14 4

200mM NaCl WT vs. 200mM NaCl sip4280.731 2.06 -1.3 0.2 2 2 10 4  

One-Way ANOVA Experiment 11. Data shows the one-way analysis of variance between the 

catalase activity of four replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 
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different NaCl concentrations (0mM, and 200mM) in 14 days showing statistical significance (at 

p-value  0.05). 

FIG 12: POD NACL 14 DAYS

0mM 200mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.21 0.366 2.232 0.569

2 0.39 0.302 1.882 0.892

MEAN 0.30 0.33 2.06 0.73

SE 0.09 0.03 0.18 0.16

NACL

 

Experiment 12. Data shows mean and SEM of peroxidase activity in two replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 200mM) 

for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip 4280.128 -0.4430 to 0.6995No ns 0.908 A-B

0mM NaCl WT vs. 200mM NaCl WT-0.77 -1.346 to -0.2035Yes ** 0.008 A-C

0mM NaCl WT vs. 200mM NaCl sip428-1.28 -1.846 to -0.7033Yes *** 1E-04 A-D

0mM NaCl sip 428 vs. 200mM NaCl WT-0.9 -1.474 to -0.3318Yes ** 0.003 B-C

0mM NaCl sip 428 vs. 200mM NaCl sip428-1.4 -1.974 to -0.8315Yes **** <0.0001B-D

200mM NaCl WT vs. 200mM NaCl sip428-0.5 -1.071 to 0.07147No ns 0.094 C-D

Test details Mean 1 Mean 2 Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip 4280.884 0.756 0.13 0.192 4 4 0.9 12

0mM NaCl WT vs. 200mM NaCl WT0.884 1.659 -0.8 0.192 4 4 5.7 12

0mM NaCl WT vs. 200mM NaCl sip4280.884 2.158 -1.3 0.192 4 4 9.4 12

0mM NaCl sip 428 vs. 200mM NaCl WT0.756 1.659 -0.9 0.192 4 4 6.6 12

0mM NaCl sip 428 vs. 200mM NaCl sip4280.756 2.158 -1.4 0.192 4 4 10 12

200mM NaCl WT vs. 200mM NaCl sip4281.659 2.158 -0.5 0.192 4 4 3.7 12  

One-Way ANOVA Experiment 12. Data shows the one-way analysis of variance between the 

catalase activity of two replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 
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different NaCl concentrations (0mM, and 200mM) in 14 days showing statistical significance (at 

p-value  0.05). 

CATALASE ACTIVITY IN NACL-STRESSED PLANTS FOR 7 DAYS 

FIG 13: CAT NACL 7 DAYS

0mM 100mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.032 0.021 0.033 0.011

2 0.032 0.022 0.037 0.013

3 0.015 0.049 0.049 0.014

MEAN 0.026 0.031 0.040 0.013

SE 0.0057 0.0092 0.0048 0.0009

NACL

 

Experiment 13. Data shows mean and SEM of catalase activity in three replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 100mM) 

for 7 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip4280.00433 -0.02247 to 0.03114No ns 0.9525 A-B

0mM NaCl WT vs. 100mM NaCl WT 0.018 -0.008803 to 0.04480No ns 0.2167 A-C

0mM NaCl WT vs. 100mM NaCl sip428-0.009 -0.03580 to 0.01780No ns 0.7131 A-D

0mM NaCl sip428 vs. 100mM NaCl WT0.01367 -0.01314 to 0.04047No ns 0.4142 B-C

0mM NaCl sip428 vs. 100mM NaCl sip428-0.0133 -0.04014 to 0.01347No ns 0.4333 B-D

100mM NaCl WT vs. 100mM NaCl sip428-0.027 -0.05380 to -0.0001966Yes * 0.0484 C-D

Test details Mean 1 Mean 2Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip4280.03067 0.026 0.004 0 3 3 0.7 8

0mM NaCl WT vs. 100mM NaCl WT0.03067 0.013 0.018 0 3 3 3 8

0mM NaCl WT vs. 100mM NaCl sip4280.03067 0.04 -0.01 0 3 3 1.5 8

0mM NaCl sip428 vs. 100mM NaCl WT0.02633 0.013 0.014 0 3 3 2.3 8

0mM NaCl sip428 vs. 100mM NaCl sip4280.02633 0.04 -0.01 0 3 3 2.3 8

100mM NaCl WT vs. 100mM NaCl sip4280.01267 0.04 -0.03 0 3 3 4.6 8  

One-Way ANOVA Experiment 13. Data shows the one-way analysis of variance between the 

catalase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) 
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at different NaCl concentrations (0mM, and 100mM) in 7 days showing statistical significance 

(at p-value  0.05). 

FIG 14: CAT NACL 7 DAYS

0mM 200mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.029 0.018 0.055 0.093

2 0.025 0.017 0.063 0.097

MEAN 0.027 0.018 0.059 0.095

SE 0.0020 0.0005 0.0040 0.0020

NACL

 

Experiment 14. Data shows mean and SEM of catalase activity in two replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 200mM) 

for 7 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip428 -0.01 -0.02368 to 0.004675No ns 0.1601 A-B

0mM NaCl WT vs. 200mM NaCl WT -0.08 -0.09168 to -0.06332Yes *** 0.0001 A-C

0mM NaCl WT vs. 200mM NaCl sip428-0.04 -0.05568 to -0.02732Yes *** 0.001 A-D

0mM NaCl sip428 vs. 200mM NaCl WT-0.07 -0.08218 to -0.05382Yes *** 0.0002 B-C

0mM NaCl sip428 vs. 200mM NaCl sip428-0.03 -0.04618 to -0.01782Yes ** 0.0027 B-D

200mM NaCl WT vs. 200mM NaCl sip4280.04 0.02182 to 0.05018Yes ** 0.0017 C-D

Test details Mean 1Mean 2Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip428 0.02 0 -0.01 0.003 2 2 4 4

0mM NaCl WT vs. 200mM NaCl WT 0.02 0.1 -0.08 0.003 2 2 31 4

0mM NaCl WT vs. 200mM NaCl sip4280.02 0.1 -0.04 0.003 2 2 17 4

0mM NaCl sip428 vs. 200mM NaCl WT0.03 0.1 -0.07 0.003 2 2 28 4

0mM NaCl sip428 vs. 200mM NaCl sip4280.03 0.1 -0.03 0.003 2 2 13 4

200mM NaCl WT vs. 200mM NaCl sip4280.1 0.1 0.04 0.003 2 2 15 4  

One-Way ANOVA Experiment 14. Data shows the one-way analysis of variance between the 

catalase activity of two replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) at 
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different NaCl concentrations (0mM, and 200mM) in 7 days showing statistical significance (at 

p-value  0.05). 

CATALASE ACTIVITY IN NACL-STRESSED PLANTS FOR 14 DAYS 

FIG 15: CAT NACL 14 DAYS

NACL

0mM 150mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.097 0.201 0.158 0.171

2 0.095 0.128 0.177 0.198

3 0.147 0.119 0.28 0.146

MEAN 0.11 0.15 0.21 0.17

SE 0.02 0.03 0.04 0.02  

Experiment 15. Data shows mean and SEM of catalase activity in three replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 150mM) 

for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip4280.0363 -0.07969 to 0.1524No ns 0.7523 A-B

0mM NaCl WT vs. 150mM NaCl WT-0.022 -0.1384 to 0.09369No ns 0.924 A-C

0mM NaCl WT vs. 150mM NaCl sip428-0.056 -0.1717 to 0.06035No ns 0.4614 A-D

0mM NaCl sip428 vs. 150mM NaCl WT-0.059 -0.1747 to 0.05735No ns 0.4206 B-C

0mM NaCl sip428 vs. 150mM NaCl sip428-0.092 -0.2080 to 0.02402No ns 0.1272 B-D

150mM NaCl WT vs. 150mM NaCl sip428-0.033 -0.1494 to 0.08269No ns 0.7954 C-D

Test details Mean 1 Mean 2Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip4280.1493 0.11 0.04 0.04 3 3 1.42 8

0mM NaCl WT vs. 150mM NaCl WT0.1493 0.17 -0 0.04 3 3 0.87 8

0mM NaCl WT vs. 150mM NaCl sip4280.1493 0.21 -0.1 0.04 3 3 2.17 8

0mM NaCl sip428 vs. 150mM NaCl WT0.113 0.17 -0.1 0.04 3 3 2.29 8

0mM NaCl sip428 vs. 150mM NaCl sip4280.113 0.21 -0.1 0.04 3 3 3.59 8

150mM NaCl WT vs. 150mM NaCl sip4280.1717 0.21 -0 0.04 3 3 1.3 8  

One-Way ANOVA Experiment 15. Data shows the one-way analysis of variance between the 

catalase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) 
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at different NaCl concentrations (0mM, and 150mM) in 14 days showing statistical significance 

(at p-value  0.05). 

FIG 16:CAT NACL 14 DAYS

0mM 150mM

REPLICATESMSI-2-7 WT MSI-2-7 WT

1 0.14 0.128 0.429 0.256

2 0.104 0.104 0.583 0.286

3 0.14 0.131 0.182 0.393

MEAN 0.13 0.12 0.40 0.31

SE 0.01 0.01 0.12 0.04

NACL

 

Experiment 16. Data shows mean and SEM of catalase activity in three replicates of control 

(WT) and MSI-2-7 (SIP-428 silenced plants) under NaCl stress treatment (0mM, and 150mM) 

for 14 days. 

Number of families 1

Number of comparisons per family 6

Alpha 0.05

Tukey's multiple comparisons test Mean Diff.95.00% CI of diff.Below threshold?SummaryAdjusted P Value

0mM NaCl WT vs. 0mM NaCl sip428 -0.007 -0.2897 to 0.2757No ns 1 A-B

0mM NaCl WT vs. 150mM NaCl WT -0.191 -0.4734 to 0.09203No ns 0.21 A-C

0mM NaCl WT vs. 150mM NaCl sip428-0.277 -0.5597 to 0.005698No ns 0.05 A-D

0mM NaCl sip428 vs. 150mM NaCl WT-0.184 -0.4664 to 0.09903No ns 0.24 B-C

0mM NaCl sip428 vs. 150mM NaCl sip428-0.27 -0.5527 to 0.01270No ns 0.06 B-D

150mM NaCl WT vs. 150mM NaCl sip428-0.086 -0.3690 to 0.1964No ns 0.77 C-D

Test details Mean 1 Mean 2Mean Diff.SE of diff.n1 n2 q DF

0mM NaCl WT vs. 0mM NaCl sip428 0.121 0.13 -0.01 0.09 3 3 0.11 8

0mM NaCl WT vs. 150mM NaCl WT 0.121 0.31 -0.19 0.09 3 3 3.05 8

0mM NaCl WT vs. 150mM NaCl sip4280.121 0.4 -0.28 0.09 3 3 4.44 8

0mM NaCl sip428 vs. 150mM NaCl WT0.128 0.31 -0.18 0.09 3 3 2.94 8

0mM NaCl sip428 vs. 150mM NaCl sip4280.128 0.4 -0.27 0.09 3 3 4.33 8

150mM NaCl WT vs. 150mM NaCl sip4280.312 0.4 -0.09 0.09 3 3 1.38 8  

One-Way ANOVA Experiment 16. Data shows the one-way analysis of variance between the 

catalase activity of three replicates each of control (WT) and MSI-2-7 (SIP-428 silenced plants) 
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at different NaCl concentrations (0mM, and 150mM) in 14 days showing statistical significance 

(at p-value  0.05). 

IN-SILICO ANALYSIS OF THE SUBCELLULAR LOCALIZATION OF SIP428 

SIP428 Sequence 

>SIP428 

MSMSLRLCCEPSISGLKNKRDLLGLDLAANHLNIPMRKWFSGVKKFIPFEGYVKFVQTT

ARITFPKISSDCKDNSPSNFLSHKKKVPYSDPPSMKDVDSLYEFFDRSTKLVVLTGAGMS

TESGIPDYRSPNGAYSTGFKPITHQEFLRSSKARRRYWTRSYAGWRRFTAAQPSTGHIAL

SSLEKAGHISFMITQNVDRLHHRAGSNPLELHGTVYIVACTNCGFTLPRELFQDQVKAQ

NPKWAAAIESLDYDSRSDESFGMKQRPDGDIEIDEKFWEEDFYIPDCERCQGVLKPDVV

FFGDNVPKARADVAMEAAKGCDAFLVLGSSMMTMSAFRLIKAAHEAGAATAIVNIGV

TRADDLVPLKINARVGEILPRLLNVGSLSIPAL 

 

The full-length sequence was used to predict its subcellular localization.  Seven different freely 

available prediction software was used. The table below shows the prediction. 

S/N PREDICTION TOOL LOCALIZATION

1 WoLF PSORT CHLOROPLAST

2 CELLO Chloroplast and Mitochondria

3 Plant- mPLoc Chloroplast

4 Plant-mSubP Plastid

5 Busca Plasma membrane

6 MultiLoc2 Cytoplasm

7 DeepLoc1-2 Plastid
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