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Abstract

Abscisic acid (ABA) functions as one of the numerous plant hormones governing a range of
physiological processes in plants, including responses to water stress. In most plants, abscisic acid
levels are supposedly increased under conditions of water deficit, leading to stomatal closure and
reduced transpiration and ultimately a decrease in relative water content. There is little to no
information related to the expressions of abscisic acid linkage to the drought tolerance usually
attributed to Bambara groundnut. The study investigated the expression of Abscisic Acid using the
candidate gene 9-cis-epoxycarotenoid dioxygenase (NCED1) in seven (7) Vigna subterranea [L.] Verdc
accessions under both well-watered and water stress conditions. Three healthy seeds were planted
per bag, with 500 mL water administered to the plant once a day on both treatments until two weeks
after flowering when the water-stressed pots received no further watering. The leaf samples were
collected for RNA extraction and then differing bands intensity from amplified cDNA bands were
captured for densitometric analysis using the Image J imaging software. On the other hand, data was
collected on relative water content (RWC) on the individual samples. The RWC values among the
accessions ranged from 82.12% to 89.24% under the well-watered condition and 62.00% to 79.43%
under the water-stressed condition. The observed ABA hormone gene expression profile suggests that
all the seven Bambara groundnut accessions express ABA adequately under the two water conditions
identified. This indicates tolerance to water stress and the effectiveness of identifying NCED1 as a
marker in drought tolerance expression studies.
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Introduction

Numerous significant weather variations brought on by climate change have been found to pose a danger to
food security. As a result of these effects, developing nation currently experiences hunger, famine, and
population displacement [1] while the developed nations suffer significant economic loss and increased health
risks [2]. Drought is one of the key abiotic barriers to rain-fed agricultural productivity [3]. It is a recognized
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below-average occurrence that impacts the amount of water in streams, rivers, lakes, and groundwater as well
as the soil moisture levels [4]. For most crops, this water scarcity is known to result in a greater than usual yield
loss of roughly 50%. [5, 6]. Relative water content (RWC) is one useful metric for determining how much water is
absorbed by plant and how much is lost [7]. The mechanism of osmoregulation, which is the process by which
plants maintain proper concentration of water if well understood can ultimately improve knowledge of turgor
pressure and its preservation for plant use [8]. Datta et al. [9] observed better genotypes performance under
environment which had optimum root length, shoot length and RWC for wheat genotypes which were tagged
drought tolerant when subjected to normal and water-deficient situations. Over time, several plants have
evolved ways of mitigating mechanisms to adapt to these extremes, enabling them to sense stressors and
respond to them in specific constructive ways [10].

Abscisic acid (ABA) plays a crucial role as a hormone during times of stress aiding in the reduction of adverse
stress reactions [11, 12]. It serves as a vital messenger by causing a variety of metabolic events in numerous
plant tissues in response to lack of water [13]. It is particularly important in its ability to trigger immediate plants
responses to any environmental stresses, inclusive of drought, cold tolerance, heavy metal ion tolerance, soil
salinity, freezing tolerance, and heat stress [14]. ABA is present in various parts of plants and has the ability to
quickly change the osmotic potential in most stomatal guard cells, resulting in their rapid shrinking and
subsequent closure [15] particularly in a bid to salvage the whole plant from dyeing at the onset of drought. ABA
does not directly affect abscission; instead, it encourages senescence, which eventually results in abscission as
this also results in other physiological processes.

The importance of cultivating climate smart crop types cannot be overstated, especially considering the
recurring climate change prediction that the world's temperature would climb by 4°C in 2100 [16]. Bambara
groundnut (BG) is a native African legume with known potential to be a climate-smart crop because it can grow
in marginal soils and tropical climes [17]. In comparison to other cereal legumes, it is thought to be the most
drought resistant (18, 19]. Morphological, physiological, biochemical, and its genomics has been extensively
studied [19, 20, 21, 22, 23]. The work of Ma, [24] identified the fact that plants generally release solutes such as
jasmonic acids, proline, polyols, abscisic acids, etc. and the over expression or suppression response of these
solutes can be adopted for drought stress studies in plants. Thus, it is possible to use this sizable collection of
over 1900 wild types [25] kept in the Genetic Resources Centre of the International Institute of Tropical
Agriculture (IITA) to enhance the plant's nutritional value and adaptability [26].

NCED literally means 9-cis-epoxycarotenoid dioxygenase gene, which is linked to a group of genes responsible
for the production process of abscisic acid [27]. In the majority of plants, the concentration of ABA is primarily
controlled by the activity of the NCED gene, which encodes enzymes at the transcriptional level. This gene plays
a significant role in this context for its responsiveness to certain environmental (salt and drought) signals which
directly or indirectly affect the biosynthesis of ABA [14]. Furthermore, it had been linked to other plant traits like
fruiting and ripening in crops like tomatoes [28], strawberry [29], kiwi [30] and for legumes. Research reports
emphasized that plants demonstrate enhanced performance under water scarcity conditions when the genes
responsible for overexpressing NCED3 in the ABA biosynthetic pathway are activated [30, 31]. Additionally, it
was found that Arabidopsis overexpressing AtNCED3 specifically targeted the transcription of genes induced by
dehydration and ABA resulting in lowered transpiration rates and increased resilience to drought in the crop. As
these differing RWC physiological mechanisms and ABA responses in Bambara groundnut remain poorly
understood, thus the study aimed at investigating the possible expression of Abscisic acid (ABA) through the
candidate gene NCED1 in varying drought and water availability scenarios in selected Bambara Groundnut (Vigna
subterranea) accessions using PCR technique and establish the relationship between the RWC and the ABA
synthesis.
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Materials and Methods

Source of plant materials

Seeds of seven Bambara groundnut accessions (Table 1) were collected from the seed bank of the Genetic
Resources Centre (GRC), International Institute of Tropical Agriculture (lITA), Ibadan Nigeria. The seven
accessions were selected based on previous study at IITA from which the accessions were observed to have
shown drought tolerance traits [33]. The research was conducted at the Department of Biological Sciences, Bells
University of Technology, Ota, Ogun State, Nigeria.

Table 1: Accession humber of selected accessions

S/N Accession name

1 TVSu—203

2 TVSu-2

3 TVSu-—22

4 TVSu-—-421

5 TVSu—423

6 TVSu—989

7 TVSu — 266

TVSu —Tropical Vigna subterranea Source: Genetic Resources Centre IITA

Drought treatment and relative water content analysis

For each accession of the watered and stressed treatment, two seedlings were planted in a 5kg pot containing
sterilized sandy loam soil in the screen house. For a strong plant establishment, seedlings were reduced to one
plant per pot following germination while every plant received a daily 500 ml watering. Watering stopped for the
stressed treatment at the onset of 50% flowering which coincides between 43 and 50 days after planting till the
end of the experiment. Fresh leaf samples were weighed, immersed in distilled water, and then subjected to
drying at 70°C for a duration of 48 hours. before being weighed to calculate the RWC.

_FW —LW

RWC = TW — DWW

X 100

Dhopte and Manuel (2002)
DW stands for dry weight, TW for turgor weight, and FW stands for fresh weight of foliage samples.

RNA Extraction and PCR profiling

The sampling of leaf for DNA was done exactly four weeks after planting for the well-watered treatment while
leaf from the stressed plant was sampled for extraction at the termination of the stress experiment. Each central
leaflet which was placed into a well labelled Eppendorf tubes for the total nucleic acid (tNA) extraction startup
step (all reagents prepared with 1% DEPC water) using a modified method [35]. To get quality RNA from the tNA,
the RNA clean and concentrator kit (Cat No: R1016 and Lot No: ZRC 202397) was used. The concentration of the
RNA was normalized to 100ng/ul using nuclease free water. For further analysis RNA was converted to cDNA
using the cDNA synthesis kit (NEB cat and samples stored at 20°C). The Purity and quantity of RNA were then
assessed via gel electrophoresis and Nanodrop spectrophotometer, respectively. Prior to converting RNA into
cDNA, the RNA samples were thinned out to a concentration of 100 ng using water that was free of nucleases.
Following this, the MMLV Reverse Transcriptase 1st-strand cDNA synthesis Kit (NEB) was utilized according to
the instructions provided by the manufacturer to convert RNA into cDNA. The resulting cDNA was stored at a
temperature of -20°C.
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PCR amplification was performed to determine the candidate gene, using the primers sequence according to the
report of Ajayi [36]. The gene sequence, alongside the actin gene primer used as internal control was submitted
for synthesis to Inqaba biotech (Table 2). In a total volume of 10 L, the following ingredients were used to make
the PCR mixture: 2 ng of genomic DNA, 5 pmo1 of each forward and reverse primer, 1X Taq buffer, 200 mmol/L
dNTPs, 2 mmol/L MgCl2, and 1 U Tagq DNA polymerase. Amplification conditions were denaturation at 94° C for 5
min, 35 cycles of the annealing stage at 94° C for 30 sec, 55° C for 30 sec, and 72° C for 30 sec then final
elongation for 5 min at 72° C.

Table 2: Primer sequence of the P-actin gene and the candidate genes used for the study.

S/N Target primers Forward primers Reverse Primer
1. P-Actin 5'TGCCAAGAACAGCTCCTCAG3’  3’GAAGCACTTCCTGTGGACGA 5’
2. NCED1 5’ GATAAGGCTGAACTTAAGGA 3' 3’ TACAGTAAACCGTAACACAT 5’

Assessment of Reverse Transcriptase

The amplicons from the PCR were electrophoresed in 1.5% agarose gel using 0.5X TBE buffer with 0.5 pl
ethidium bromide. The Gel documentation method was used to record the in-gel expression bands under the
UV-transilluminator. (ENDUROTM Apelegen). Bands were subsequently analyzed using the Image J imaging
software.

Results

Relative Water Content

The RWC for all accessions was significantly (p<0.01) higher under the two water regimes. This high RWC of the
accessions under the differing water conditions could adjoined all accessions to be regarded as tolerant. The
mean values for the relative water content for the seven accessions varied significantly from 62.00% to 79.43%
under water-stressed to its non-significant values of 82.12% to 89.24% under the well-watered conditions (Table
3). The RWC of water stressed plants decreased by 10.12%, 11.39%, 8.86%, 21.51%, 16.45%, 2.53% for TVSu-266
to maintain the highest value at 79.43% while 6.74%, 3.37%, 5.62%, 10.11%, 2.25%, 2.25% percentage
differences were observed under the well-watered condition as TVSu-22 was highest at 89. 21%.

Table3: Relative water content (RWC) mean values of the Bambara groundnut accessions under the water
stressed and well-watered conditions. Results are presented as MeantStdDev

Accession Water-stressed Well-watered
TVSu_203 0.71+0.06 0.83+0.11
TVSu_2 0.70+0.05 0.86+0.03
TVSu_22 0.72+0.03 0.89+0.03
TVSu_421 0.62+0.15 0.84+0.04
TVSu_423 0.66+0.21 0.80+0.13
TVSu_989 0.77+0.04 0.87+0.02
TVSu_266 0.79+0.04 0.87+0.07

A 85143 WW
B 70.857 WS

Gene Expression Profiling

The quality check on the extracted RNA from each single representative plant of the seven Bambara groundnut
accessions from the two treatments is shown on the gel electrophoresis (Fig 1) while the quality range was
between 1.80-2.00 (Table 4). A very clear amplification band with no trace of contaminants indicated its
efficiency for conversion to complimentary RNA and then further upstream application.
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Fig 1: Gel image of the extracted DNA from the leaf tissues sampled from the well-watered (A) and water
stressed (B) conditions.

Table 4: Quantity of RNA evaluated with Nanodrop spectrophotometer.

S/N Accession Name RNA quantity A260(Abs) A280(Abs) 260/280
Water stress treatment.

1. TVSu-203 223.0 5.575 2.479 1.90

2. TVSu-2 204.8 5.120 2.562 2.00

3. TVSu-22 167.2 4,179 2.239 1.87

4, TVSu-421 224.2 5.604 2.556 2.00

5. TVSu-423 181.6 4.539 2.280 1.99

6. TVSu-989 138.1 3.452 1.678 1.89

7. TVSu-266 200.5 5.013 2.516 1.99

Well-watered treatment

8. TVSu-203 148.7 3.718 1.847 1.98
9. TVSu-2 921.8 23.04 11.00 2.00
10. TVSu-22 476.8 11.92 5.775 1.90
11. TVSu-421 563.8 14.09 6.850 1.80
12. TVSu-423 91.10 2.278 1.045 1.87
13. TVSu-989 370.4 9.259 4.523 1.85
14. TVSu-266 641.0 16.025 7.594 1.88

RNA-Ribonucleic Acid, Abs—Absorbance factor

Complimentary DNA Conversion and P-Actin Validation of cDNA

The MMLYV reverse transcriptase 1% strand cDNA synthesis kit for the conversion also resulted in a clear gel band
production (Fig 2). P Actin amplification as an internal control gene showed full expression of the gene as
amplified bands intensity was highly identical in all the seven accessions from leaf tissues sampled under the
different water regimes (Fig 3).
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Fig 2: Gel image of the complimentary DNA after conversion from RNA

Water Stressed Well-watered

Fig 3: Gel picture of the internal control, P-Actin

NCED1 Transcript Expression

The NCED1 transcript expression gene was observed among all the accessions for both treatments (Fig 4). This
was observed in varied amounts with band intensities been higher under the well-watered conditions than for
the water stressed for some accessions. The differing NCED1 expression intensity was observed to be higher for
TVSu-266, TVSu-989, and TVSu-421 for the water stressed condition while TVSu-203, TVSu-2, TVSu-22, and TVSu-
423 showed increased intensity with water availability. Converting the gel picture intensity for a clearer
expression with Image J produced numerical values (Table 4) for easy comparison and further depicted by the
bar chart (Fig 4). The densitometrical presentation of band intensity also shows an expressive image intensity of
the NCED1 expression as viewed under the UV transilluminator (Fig 5).
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Fig 4: Gel picture of the NCED1 primer amplification

Discussion

Crop production is expected to be impacted by climate change which is already forecasted to make water
shortages worse in many regions of the world in the near future [37]. In light of the fact that they have little to
no study to support them, Bambara groundnut is one of many crops currently recognized as climate smart crops
and if given enough study attention, especially in the areas of nutrition and its drought resistance, then it can be
found competing with major crops of the world. When it comes to identifying the key internal water status of
plants during drought conditions, one effective approach is to use a measure called RWC, which provides a
comprehensive measure compared to other methods [38]. The high RWC expressed by the seven accessions
their high level of drought tolerance. The high RWC can be attributed to a number of mechanisms that help
plants withstand drought stress, such as stomata that regulate gas exchange, reduced leaf area, maintenance of
a comparatively high leaf water status, and high levels of photosynthesis [39]. The overall high RWC identified in
this research was similarly observed by Nazran et al. [40] who identified cultivars of mung bean that were
resistant to drought having more RWC despite the extensive decreasing soil moisture conditions. There was a
reduction in RWC of the well-watered treatment in comparison to the stressed, a finding consistent with what
was documented in snap bean studies.

Due to its crucial function in influencing the cytoskeleton and plant physiology, actin is being adjudged a
potential reference gene for expression analysis. It's utilized to standardize gene expression studies when
comparing different target genes because its expression remains stable in various circumstances. Peng et al. [41]
affirmed the use of actin as an internal control, contributing to gene expression as he observed it to be found in
nearly all parts of the plant, including seeds, actively growing tissues, stems, roots, flowers, and the leaves, on
his study on chickpea where it was isolated and designated as CarACT1. Its counterpart actin alpha (Act a) and
actin beta (Act-B) were validated suitable internal control for most abiotic (cold, drought, heat, and salt) stresses
[42].
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Fig 5: Density graphs as illustrated by the Image J software; A-F.
WS- water stressed WW-well watered.
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Fig 6: Comparison of NCED1 expression between the water stressed and well-watered Bambara Groundnut
Accessions

The accession studied showed differing level of NCED1 expression particularly for a supposed drought tolerant
accession. Previous studies by Ajayi et al. [43] showed that drought greatly stimulated NCED1 expression in
cowpea observed to be drought-tolerant, and that the expression degree correlated with the length of drought
stress. For the accessions showing expression of NCED1 progressively under well-watered conditions, Changan
et al. [44] findings buttressed similar observation in rice under the watered conditions than in stressed
conditions, where roots were observed to have an increased relative level of expression of NCED1 than leaves,
to express the inhibition of ABA biosynthesis through feedback regulation. Perhaps a study of the root system of
the studied accessions could portray such a higher expression which thus could translate to the possibility of
NCED1 being expressed more in other parts of the plant. Bambara Groundnut is a very beneficial legume, and
the results of this study offered a better understanding of these seven accessions. The accessions were observed
with different degrees of variance in the expression of the candidate gene NCED1 of selected accessions for this
study. Due to the prospects of Bambara groundnut as an environmentally resilient crop, greater number of
accessions should be investigated to obtain a more detailed knowledge of the drought tolerance of the crop.
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