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Abstract

Aim: The present study aimed to evaluate the impact of salinity stress on morpho-physiological parameters and relative expression of the MYB94
transcription factor gene among four widely cultivated groundnut cultivars.

parameters was studied in four groundnut cultivars (Kadiri-Amaravati, analysis in four groundnut cultivars
Kadiri-Lepakshi, Kadiri-6, and Kadiri-9) subjected to different

concentrations of NaCl prepared in half-strength Arnon’s nutrient [ ! 1

growth medium. The relative expression analysis of a stress Comparative analysis Expression analysis
responsive transcription factor gene, MYB94 was studied in four

Methodology: A comparative analysis of morpho-physiological [ Effect of salinity stress and MYB94 expression ]

. . Plant growth and Biomass, Total RNA isolation
groundnut cultivars subjected to drought and NaCl stress by qRT PCR. Relative water content, Synthesis of cONA
Results: NaCl stress resulted in a significant increase in proline Proline content, Lipid gRT-PCR
content, MDA content in cultivar Kadiri-9 compared to other cultivar peroxidation assay
studied. On the contrary, plant growth, shoot dry weight, root dry Cell membrane stability

weight, leaf relative water content, cell membrane injury decreased to
lesser extent in cultivar Kadiri-9 than Kadiri-Amaravati, Kadiri-
Lepakshi, Kadiri-6 under salinity stress. qRT-PCR based relative
expression analysis of the MYB94 gene revealed a significant increase
of transcript expression levels in cultivar Kadiri-9 compared to other
three cultivars under both drought and salinity stress.

Interpretation: Groundnut cultivar Kadiri-9 showed better tolerance to T
NaCl stress as evidenced from enhanced proline content, better relative , » .
Groundnut cultivar Kadiri-9 showed high MYB94 gene

water content and lesser extent of membrane damage when compared : o

with other groundnut cultivars under given NaCl stress treatments. In expression levels and also tolerance towards salinity siress
addition, relative expression of MYB94 gene was significantly higher due
toNaClstress as compared to drought stress conditions in cultivar Kadiri-9 suggested that the MYB94 could be involved in salt stress tolerance.
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Introduction

Groundnut (Arachis hypogaea L.) is an important
oilseed crop cultivated worldwide for its protein and oil content.
It also acts as a digestible source of vitamin E and phytosterols
(Fao and Isric, 2010). More than 90% of global peanut
cultivated in Asia (40.2%), and Africa (54.9%) regions with the
annual production contribution of 59.3% and 31.1%
respectively (Shanthala et al., 2022). According to the Ministry
of Agriculture of India, 7.61 million hectares of land in India are
damaged by salt, ranging from 8.56 million to 10.9 million
hectares (Mann et al., 2020). In addition, the loss of peanut
production due to water deficit is around 6 million tons (Patel et
al., 2021). Hence it is evident that drought and salinity stress
also leads to reduced peanut productivity. Transcription factors
(TFs) play an important role to combat stress encountered by
the affected plant through regulation of gene expression on the
downstream genes by interacting with specific cis-acting
elements present in the promoter of gene (Shinozaki et al.,
2003). MYB transcription factors are abundant and functionally
diverse and present in eukaryotes. Most MYB proteins function
as transcription variables, with specific MYB domain numbers,
repeats that confer their DNA binding capability (Baldoni et al.,
2015; Ambawat et al., 2013). They are widely distributed in
plants and are expressed through ABA response. They also
interact with other transcription factors.

MYB transcription factor is a family of proteins that
include a conserved domain known as the MYB DNA-binding
domain. MYB proteins have two distinct motifs, an N-terminal
conserved MYB DNA-binding domain and a complex C-terminal
modulator region responsible for protein regulatory activity (Jia et
al., 2004). MYB domain comprise four incomplete amino acid
sequence repeats (R) of about 52 amino acids, each forming
three « -helices. At each repeat, the second and third helices
create a helix-turn-helix (HTH) structural motif, a structure of
three closely spaced residues of tryptophan forms a hydrophobic
core in the 3D HTH structure (Ogata et al., 1996). In plants,
phenylalanine or isoleucine replaces the first tryptophan of R3.
Depending on the number of MYB domains, the MYB family can
be divided into 4 classes, 1R-, R2R3-, 3R-, and 4RMYB proteins
(Stracke et al., 2001; Dubos etal., 2010). R2R3-MYB proteins are
plant specific and are also the most abundant type in plants, with
more than 100 R2R3-members of MYB in the dicot and monocot
genomes (Jiang et al., 2004; Wilkins et al., 2009). R2R3-MYB
proteins are classified into subgroups based on the conservation
of binding DNA domain and amino acid motifs in the terminal
domains C (Stracke et al., 2001).

Based on the sequence of the DNA binding domain, the
plant R2R3-MYB family is classified into three major subdivisions:
subgroup A whose members are most similar to c-MYB and
others animal MYB proteins; subgroup B, which is a relatively
small group (four members in Arabidopsis); and Subgroup C,
which encompasses 70 members in Arabidopsis. In the present
investigation, various morpho-physiological changes and growth

response in four groundnut cultivars, and the relative gene
expression of MYB94 transcription factor in drought and salt
stress were assessed by qRT-PCR. These experimental results
suggest that over expression MYB94 TF may enhance the plant
capability to overcome drought and salinity stress.

Materials and Methods

Plant materials and stress induction: The present research
was carried outin the Department of Botany, Sri Krishnadevaraya
University, Ananthapuramu, Andhra Pradesh. Seeds of four
groundnut cultivars namely Kadiri-Amaravati, Kadiri-Lepakshi,
Kadiri-6, and Kadiri-9 were procured from the Regional
Agriculture Research Station, Kadiri, India. The seeds were
surface sterilized with 0.1% HgCl, solution for 5 min and rinsed
thoroughly. For hydroponics, the germinated groundnut
seedlings were transferred to test tubes containing different
concentrations of NaCl (50, 100, 150, and 200mM)
supplemented in Hoagland's nutrient medium (Arnon and
Hoagland, 1940). Fresh nutrient medium with corresponding
salt concentrations were added everyday freshly. For pot
culture twenty-one-day old plants were subjected to drought
and salinity stress. Leaf samples were harvested 5 days after
stress imposition and utilized for further analyses.

To measure root and shoot length, the plants were
carefully taken out from the test tubes, washed with deionized
water and separated into roots and shoots. Root and shoot length
were measured with a ruler. For estimating fresh biomass, fresh
weight of shoot and roots were recorded, thereafter these shoots
were dried for 48 hrs in a hot air-oven at 80°C to record dry weight.
The relative water content in leaf tissue samples was measured
following the protocol of Barrs and Weatherly (1968). The RWC
was calculated using the formula, RWC = FW - DW / TW)- DW
x100.The proline content in root and leaf tissues was estimated
by ninhydrin method (Bates et al., 1973). Lipid peroxidation was
estimated by measuring the amount of MDA produced after
thiobarbituric acid reaction as reported by Heath and Packer
(1968). The cell membrane stability was determined from the leaf
discs excised from plants according to the method of Leopold et
al. (1981). Cell membrane stability index was calculated by the
equation CMS =1 - (Initial OD) / (Final OD) x 100.

Total leaf RNA was isolated from the pot-cultured
groundnut cultivars exposed to salinity and drought stress using
Trizol method as per manufacturers protocol. First strand cDNA
synthesis was done by using Revertaid first strand cDNA synthesis
kit following the manufacturers protocol. The MYB94 gene
expression levels were then analyzed among all four groundnut
cultivars under drought and salinity stress conditions. cDNAs from
the study were used as templates for gqRT-PCR reactions using
Arachis hypogaea MYB94 gene specific primers, Triplicate’s data
was analyzed in qRT-PCR and the mean CT values were used for
relative expression analysis. The fold change value was
determined using the expression 2-AACT, where AACT
represents, ACT treatment-ACT control. The results obtained
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were transformed to log2 scale (Caldana et al., 2007).

Statistical analyses: The data was analyzed using version 16.0
of the SPSS (Statistical Social Sciences Package). The
represented were mean values and standard deviation (+ SD).
One-way ANOVA was performed using several Post hoc

comparisons fromthe Duncan test atalevel of p <0.05.
Results and Discussion

High salinity affects the plant development, growth, yield,
and physiological and metabolic processes in plants. In plants,
seed germination, seedling survival, vegetative growth, and yield
are all negatively impacted by the salt stress (Shahid et al.,
2020).1t was observed that the shoot and root lengths of the
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plants were much affected due to salinity stress (Fig. 1a). Among
the cultivars Kadiri-Amaravati, Kadiri-Lepakshi, Kadiri-6, and
Kadiri-9, respectively, the percent decrease in shoot growth was
54,55,4.0,6.4, and root growth were 3.4, 3.5, 2.2, 4.2, which
implies that the reduction in the shoot and root growth were
directly proportional to salinity stress levels imposed. NaCl
salinity levels restricted the dry mass of all four groundnut
cultivars (Fig. 1b).

The reduction in dry matter content in shoots and roots of
cultivar Kadiri-9 was less as compared to other three cultivars,
supporting better tolerant nature under salinity stress. Previous
reports showed that salt tolerant plants had less biomass reduction
and better growth compared to salt sensitive plants under salt
stress for example in barley (Ahmed et al., 2013), rice (Singh and
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Fig. 2: Effect of salinity stress on (a) relative water contentand (b) free proline content in groundnut cultivars.

Sarkar, 2014), sugarcane (Chiconato et al., 2019). In higher plants,
the fastest effect of salinity is a reduction of RWC due to osmotic
stress and cellular dehydration (Sairam et al., 2002). Under salinity
stress significant differences in the relative water content in four
groundnut cultivars were observed. Relative water content
decreased in all four groundnut cultivars during salinity stress as
compared to their respective controls. The percent decrease in
relative water content in Kadiri-Amaravati, Kadiri-Lepakshi, Kadiri-
6, and Kadiri-9 cultivars was 77.2,75.18,72.9,78.2, respectively
(Fig. 2 a). Cultivar Kadiri-9 had better relative water content
compared to other cultivars under salinity stress, which indicates
its capacity to maintain turgor potential to overcome salinity stress.

Aproportionate increase in free proline content with stress intensity
was observed in all four groundnut cultivars. The free proline
content was increased significantly in four groundnut cultivars
under salt stress. However the percent increase in proline content
was more in salt tolerant cultiver K-9 when compared to cultivar K-
Amaravathi, K-Lepakshi and K-6 (Fig. 2b). Environmental stress
leads to high lipid peroxidation, which has also been used as an
example of oxidative damage caused by stress in membranes
(Hernandez and Almansa, 2002). Total MDA content was
estimated in control and salinity stressed two-weeks-old seedling
samples. As salinity stress increased, a linear increase in MDA
accumulation was observed.
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Fig. 2: Effect of salinity stress on (c) malondialdehyde and (d) cell membrane stability in groundnut cultivars.

MDA levels in groundnut seedlings increased in salinity
stressed leaf samples as compared to control (Fig. 2c). The
increase in MDA levels under stress leads membrane lipid
peroxidation through the development of ROS (Sairam and Tyagi,
2004). ROS formation improves cellular level lipid peroxidation
and the rate of such enhancement is related to plant species and
stress severity (Wang. and Hun, 2009). The data obtained from
the study indicated a significant decrease in cell membrane
stability in all four groundnut cultivars during salinity stress
conditions due to salinity stress compared to their respective
controls. The cell membrane stability was 47.63%, 52.26%,
39.33% and 58.66% in the cultivars Amaravati, Kadiri-Lepakshi,
Kadiri-6, and Kadiri-9, respectively (Fig. 2d).

Cultivar Kadiri-9 showed relatively high stability in cell
membrane as compared to other cultivars in the study. Relative
expression of the MYB94 gene, in terms of transcript abundance,
was measured in terms of fold change by quantitative RT-PCR
analysis (QRT-PCR) in all four groundnut cultivars under control
and salinity stressed conditions. In response to salinity stress,
MYB94 transcripts significantly increased in comparison to
control conditions in all four groundnut cultivars (Fig. 3).

Among other cultivars studied in response to salinity
stress, cultivar Kadiri-9 showed highest fold expression of MYB94
transcript in comparison to its respective control. In this study,
reduction in seedlings growth was dependent on severity of
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Fig. 3: Expression analysis of MYB94 gene (fold change) in four groundnut cultivars under drought and salinity stress.

salinity stress. Salinity and drought stress are well known to
cause modifications in gene expression of plants. Such
alterations result in the accumulation or depletion of certain
metabolites, and the translation of a new set of proteins specific to
particular type of stress involved in the physiological and
biochemical changes to the stressful environment by plants. The
inhibition of growth may be due to specific ion toxicity in the
photosynthetic process, enzyme activity that results in decreased
carbohydrates content and growth hormones (Mazher et al,,
2007). At high salinity level, cultivar Kadiri-9 showed lesser
reduction in growth and biomass than cultivars Kadiri-
Amaravati, Kadiri-Lepakshi, Kadiri-6. A significant decrease in
biomass was observed in all cultivars at 150 mM salinity stress,
butat 200 mM salinity, it was more pronounced.

Groundnut cultivar Kadiri-9 responded to salinity by
maintaining more leaf water content than cultivars Amaravati,
Kadiri-Lepakshi, Kadiri-6, so cultivar Kadiri-9 is considered to be
more adaptable to salinity stress than other three cultivars.
Groundnut cultivar Kadiri-9 showed high water retaining ability in
the tissues even under high salinity levels as compared to
Amaravati, Kadiri-Lepakshi, Kadiri-6. When plants are subjected
to salinity, firstly they face an osmotic challenge that reduces
water uptake by roots. Besides ABA mediated stomatal closure
affects transpiration pull that lead low/no water uptake by roots,
entail low relative water content in the cell (Polash et al., 2018).
Proline is a common osmolyte in plants which accumulates in a
variety of plant species in response to abiotic stress, such as
drought and salinity (Ashraf and Harris, 2004; Tripathi ef al.,
2007; Chourasia et al., 2021). Accumulation of osmolytes,
especially proline, is a common phenomenon in plants. Besides
its role as an osmolyte, proline contributes to scavenging ROS,

stabilizing subcellular structures, modulating cell redox
homeostasis, source of energy and acts as a signal molecule
(Hayatetal., 2012; Rana et al., 2017). The results of the present
research showed that increasing salinity concentrations lead to
an increase of the proline content of groundnut (Fig. 2 b). These
results confirm the previous observations of soybean (Su and
Bai, 2008).

MDA s a byproduct of membrane lipid peroxidation that
indicate damage caused due to stress in plants (Zhang et al.,
2020). The level of lipid peroxidation has been widely used as an
indicator of ROS mediated damage to cell membranes under
stressful conditions. Increased peroxidation (degradation) of
lipids has been reported in plants growing under environmental
stresses. Increase in lipid peroxidation under these stresses’
parallels with increased production of ROS (Sharma et al., 2012),
often used as an indicator of stress induced oxidative damage in
membranes (Hernandez and Aimansa, 2002). Lipid peroxidation
in the vicinity of a bio membrane with polyunsaturated fatty acids
will lead to the formation of lipid hydroperoxides and diffusive
reactive carbonyl products such as MDA, acrolein, MG, hexenal,
etc., which are formed in chloroplast (Yamunchi et al., 2012).
Supporting these, the findings of the study showed a significant
increase in MDA content among the stressed groundnut plants in
a dose dependent manner. In cultivar Kadiri-9, cell membrane
stability was high as evidenced by lesser degree of damage
caused to membrane under salinity stress.

The cultivars Amaravati, Kadiri-Lepakshi, Kadiri-6
showed high membrane damage, as previously reported in
groundnut (Krishnamurthy and Saji, 2000; Ranganayakulu et al.,
2012). The relative expression analysis (QRT-PCR) of MYB94
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gene in four groundnut cultivars subjected to drought and salinity
stress showed that changes in MYB94 gene expression levels
varied greatly among cultivars. qRT-PCR is a commonly used
method for measuring gene expression due to its sensitivity,
reproducibility, and dynamic quantification range (Dekkers et al.,
2012). The results of gqRT-PCR showed that the expression level
of MYB94 in Kadiri-9 cultivar was highest among all cultivars
followed by Amaravati, Kadiri-Lepakshi, Kadiri-6. However, our
results endorse the publicly available data in the MYB94
Transcription factor activate the expression of cuticular wax
biosynthesis genes (KCS2/DAISY, CER2, ECR, FAR3 and
WSD1) consequently, the increase wax content thereby imparts
stress tolerance. However, our results endorse the previous
reports inArabidopsis (Seo et al., 2011; Lee and Suh, 2015). So,
it could be inferred that there is a possible role of MYB94
transcription factor in K9 to combat salinity or drought stress as
evidentfrom the qRT-PCR results.

The present investigation suggested that groundnut
cultivar Kadiri-9 showed better tolerance to salinity stress. qRT-
PCR analysis revealed that cultivar K-9 showed high transcript
abundance of MYB94 compared to other cultivars under drought
and salinity stress. In this study, a preliminary attempt was made
to elucidate the MYB94 expression in groundnut cultivars and the
study provides a baseline information to understand MYB94 gene
relevance in abiotic stress tolerance.
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