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Abstract

The final leaf developmental stage starts with nutrients salvage and ends at cells” death, whereby leaf yellowing is the first
noticeable event during senescence. Yellowing of leaves starts at the margins and progresses to the interior of the leaves’
blade. In this regard, there are only a few factors that are being demonstrated in involving the regulation of cell death by
evaluating the leaf senescence appearances of knocking of mutants and identifying downstream target genes. Thus, the
current research aimed to evaluate the efficiency of Virus-Induced Gene Silencing (VIGS) and its functional analysis for a
potential regulation of leaves senescence in Arabidopsis. In the present study, the silencing of the plant by VIGS technique
caused a narrative phenotype with a high level of transcript levels. Nevertheless, the phenotype is exemplified with a smaller
size compared to the wild type (WT) with smaller roots, leaves, and overall plant bodies. Interestingly, the vector (VG)-
silenced plants showed intense yellowing of leaves developed at the bottom regions along with a smaller number of tillers
from the base of the plants. Moreover, we also tested leaves of age-dependent silenced Arabidopsis plants and observed a
reduction in size and number of leaf cells compared to that of non-silenced (WT) control plants. To understand the advanced
regulatory molecular mechanisms, the efficiency of vector infection has been confirmed through changes that happened via
the measurement of ion seepage and decreasing content of chlorophyll, measurement of SAG12, and PAGs gene
expressions. In conclusion, VIGS approach play a critical role in leaves senescence.
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Death is a positively active process involving the distinct

1. Introduction

Aging is a complex and highly regulated process
involving the decay mechanism of photosynthesis,
cessation of chloroplasts, and the degradation of
biomolecules such as proteins, nucleic acids, and lipids
(Al-Shomali et al., 2017). The first visible event during
aging so far is that the leaves turn yellow (Quirino et al.,
2000). The leaf senescence is a comprehensive response of
leaf cells. It provides information about plant age, internal,
and environmental indicators. Integrating the internal and
external plant environment in given ecological zone help
the plant in adapting aging process (Odiyi and Eniola,
2015).

There are various abiotic and biotic factors influencing
the leaf senescence (Lim et al., 2007). However, knocking
out genes is also important in the aging of any plant organ,
such as fruits, flowers, and leaves (Chen et al., 2002; Guo
et al., 2004). Therefore, in this study, we hypothesized and
planned to observe the role of (VIGS-vectors) activity in
the senescence of leaves. Given to that, Programmed Cells
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expression of thousands of genes (Hee et al., 2010).
Through genome-wide analysis of gene expression
changes, several Arabidopsis genes encoding transcription
factors can be identified (Harb et al., 2020). However,
only a few factors are being demonstrated in involving the
regulation of cell death by evaluating the leaf senescence
appearances of knocking of mutants and by identifying
downstream target genes (Balazadeh et al., 2008;
Buchanan-Wollaston et al., 2005; Lin and Wu, 2004). In
the present study, we focused on the manifold roles of VG
vector relationships in regulating the cells' death of plants.
Nevertheless, the transcriptional factors family gene
regulates cell death by different hormonal stress,
environmental strain, and their role in retrograde signaling
(Ryu et al., 2004). This emergent complexity needs to be
discussed first to explore the commercialization of plants
and understand the controlled molecular mechanism
involved in it. Detailed studies of SAGs identities and its
expression indicate that regulation of leaf senescence is a
complex process (Orzaez et al., 2006); however, in the
Arabidopsis, the age of even a single leaf plays an
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important role in discovering leaf durability (Liu et al.,
2004; Lu et al., 2003).

In the present study, we investigated the VIGS method
in Arabidopsis, which relates to leaf senescence. Further,
we hypothesized that vectors (VG) either function only in
plant leaves or in other organs and plant growth behaviors.
Therefore, we assumed that the vector (VG) could be
tested in the leaf senescence method compared to other
organs of the Arabidopsis plant. Also, we have evaluated
various aspects of the vector (VG) promoting leaf
senescence and demonstrated that vector (VG) continues
to promote leaf senescence.

2. Materials and methods

2.1. Plant materials and growth circumstance

The seeds of the Arabidopsis plant were sterilized first
with 10% of Sodium Hypochlorite solution by proper
shaking approximately for 20-30min. After that, under the
Laminar Air Flow Cabinet, seeds were rinsed with
sterilized distilled water about 8-10 times. Then seeds
were grown on MS-basal medium under 4°C for 2-3 days
and kept for two weeks at 25°C. Seedlings were then
transferred to soil media and infiltrated with vector
solutions. The phenotypic observations have been made at
two days interval of treatment (Guo et al., 2004).

2.2. Vector construction and transformation

Vector was constructed in advance. The two weeks old
seedlings of wild type Arabidopsis were infected with
vector (VG) and vector (C) using vacuum infiltration
method. Following infection, the seedlings were grown in
soil media. After two weeks, seedlings were transferred to
soil media. The samples were collected for DNA isolation
to confirm the efficiency of vector transformation (Tanaka
and Makino, 2009).

2.3. Phenotypic examination yellowish discoloration

Regular examinations were made every two days to
characteristically check the yellowing of the leaves.
However, in experiments with Arabidopsis mutant studies,
leaf yellowing may have started at the tip, petiole side, and
mid of the leaf (Hee et al., 2010).

2.4. lon leakage measurement

The infected plants were collected at every week’s
interval after infiltrations. Collected leaves were boiled
into hot water and then suspended solution was checked
through the instruments. Further, the infected leaves of
plants were then suspended into measuring solution and
observed the ion leakage measurement by leakage activity
through instruments as recommended by (Ryu et al.,
2004).

2.5. Measurement of chlorophyll content

For measuring the leaves' senescence activity,
measurement of chlorophyll content is very important. The
content of chlorophyll was measured according to the
method recommended by (Lu et al., 2003). The fresh
plants materials were routed and chopped to small pieces.
0.5 g sample was measured through an analytical weight
balance. The material was standardized by adding 100ml
of 80% acetone. The mixture was homogenized, and the
extract was separated. The extract was examined on the
spectrophotometer for chlorophyll content.

2.6. Extraction of total DNA and Polymerase Chain
Reaction

Arabidopsis affected leaves were subjected to total
DNA extraction. Solution 2 X CTAB (10 ml) was
preheated in a water bath at a temperature of 65-70°C. 59
of leaves was frozen in liquid nitrogen and, thereafter, the
pulverized powder was transferred to a pre-heated solution
(50 ml). The test tube containing 10 ml of the 2XCTAB
solution was centrifuged. Besides, CIA liquid was added,
incubated at 37 °C and shacked at 120 rpm for 20 minutes.
Slowly, precipitation buffer was added and shacked gently
for 15-20 times until the DNA completely precipitated.
Pre-cooled ethanol (-20°C) was transferred and immersed
in the following ethanol solution: 70% ethanol, 7 minutes,
100% ethanol, and 5 minutes. For PCR analysis, the kit
manufacturer's procedure was followed. 1 pg of total DNA
was used. The specific primers used are listed in Table 1.
The PCR reaction was performed for 30 minutes at 94°C
for 5 minutes, the 30s at 94 °C, 30s at 55 °C, and at 72°C
for 30 minutes. The PCR products were then estranged on
1.0% agarose gel. Alpha Ease FC-2200 software (Alpha
Innotech, USA, version 3.2.1) was used to enumerate the
absolute transcript values from the PCR.

2.7. Statistical analysis

Statistical analysis was performed on the obtained
results according to the analysis of variance (ANOVA)
technique. Treatments were compared using the least
significant difference (LSD) at the 5% probability level.
All calculations and statistical analyses were performed
using the student software package 8.1.

3. Results

3.1. VIGS plays a significant role in promoting the
leaves senescence

In our study, virus-induced gene silencing has been
proved as an exceptional source of rapid advances in the
field of genetics (Tripathi and Tuteja, 2007). The TRV can
infect the different plant organs including carpopodia (Liu
et al., 2002; Dinesh-Kumar et al., 2003), leaves (Fu et al.,
2005), fruits (Lu et al., 2003), and roots (Orzaez et al.,
2006) by agro-injection, agro-drench, agro-infiltration, and
vacuum infiltration methods. In present study, we infected
the Arabidopsis plant with investigated Vector (VG)
efficiency in concern to senescence approaches by vacuum
infiltrations method. The vacuum infiltration method was
designed, whereby infected leaves were kept at 8°C for
three days. Vector infected Arabidopsis leaves were
subjected to phenotypic analysis every alternate day during
the study period. Slightly, yellowish discoloration of
leaves was seen at the start in all silenced leaves and non-
silenced leaves (Wild type). After 10 days of infiltration
the vector (VG) leaves were flattering to yellow faded
instead of the vector (C) (control) and wild type (Figure 5).
For confirming the efficiency and effectiveness of vector
(VG), the changes occurred due to vector (VG) expression
(Figure 3); ion leakage measurement; chlorophyll content,
and SAG12 expression as the markers for senescence
progression, were calculated. Significant difference
(Figure 3) was noticed between vector (VG) and vector (c).
Similarly, increased ionic leakage and SAG12 expression,
decreased chlorophyll concentration were seen during
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senescence of leaves and the whole plants, which proved
that vector (VG) played a critical role in leaves senescenc.

3.2. Quantity of chlorophyll content highly reduced in
vector (VG) infected plants

Photosynthesis is a multi-stage process which plays a
significant role in the growth and development of plant
(Ayumi and Amane, 2009). In present study, we
investigated chlorophyll concentrations in vector (VG) and
vector (C) infected leaves of Arabidopsis. It has been
significantly proved that vector (VG) had affected the
concentration of chlorophyll content (Figure 6a). The
chlorophyll concentration remarkably decreased in vector
(VG) leaves of Arabidopsis (Figure 6a) compared to non-
silencing vector (C), where chlorophyll concentration
remained consistent. For further confirmation of these
alternations, the expression of the PAG gene concerning to
SAG12 gene was tested. The findings were confirmed by
noticing slightly lower expression of PAGs and
significantly higher expression of SAG12 in the vector
(VG) (Figure 6¢) compared to higher PAGs and lower
SAG12 expression in the non-silenced vector (C).

3.3. VIGS implicating in the reduction of cells
enlargement

We further investigated that vector (VG) either affected
the cell size enlargement or cell size reduction. We tested
age-dependent leaves of the wvector (VG) silenced
Arabidopsis plants. We categorized leaves as young
leaves, mature leaves, partial senesced leaves, and fully
senesced leaves. It was found that from beginning, when
the leaves are becoming mature, had reduced size and as
well as decreased the number of cells (Figure 7b) in vector
(VG) leaves compared to that of non-silenced leaves vector
(C) control. Regardless of Arabidopsis, the phenotype of
plants is also differentiated with a persistently smaller size
compared to that of non-silenced (vector C) and as well as
wild type (WT). More interestingly, these features have
given an image to the novelty of phenotype in the shape of
more yellowing of leaves in silencing plants compared to
the wild type (Figure 5). Further, we observed that vector
(VG) suppressed to phenotype is responsible for the
repression of cells and resulted in decreasing the size and
structure of the overall plant body (Figure 7d). Therefore,
vector (VG) was plausible as a strong sensitive
transcription factor that was responsible for some key
functions during the cellular behavior of plant structure.

3.4. Method infiltrating by seed significantly affect the
growth behaviors of Arabidopsis plant

Further, we had investigated the silencing approach by
the seed infiltration method in Arabidopsis. Only a few
reports have been illustrated about the silencing approach
by seed infiltration methods as well as young seedlings of
Arabidopsis till to date. There are a few studies on
silencing approaches by VIGS application to seedlings and
seeds in the premature growing stage (Nagamatsu et al.,
2007). It is very challenging to inoculate (VIGS) vectors
and induce infection in very young seedlings and through
seeds as well. Thus, we tried to inoculate the infection by
these two novel infiltration methods in Arabidopsis and we
found amazing results. For the seeds’ infiltration method,
we sterilized wild-type Arabidopsis seeds with 10%
sodium hypochlorite for 20 min with continuous shakings.
After that, sterilized seeds were infiltrated under vacuum

infiltration with the solution containing vector (C) and
vector (VG) at equal OD of 2.0, and kept infected seeds for
about 1 hour at 8°C. After that, we grown the seeds on two
different types of culture media containing MS-Basal
supplemented with 25ng of specific antibiotics and MS-
basal media. Silenced seeds grew well on both antibiotic
supplemented and MS-basal media (Figure 2a). After the
seeds were cultured on media, the plants were placed at
4°C for about three days and then kept at 25°C for further
growth. The vector (VG) showed better germination rate at
the supplementation of antibiotics (Figure 2a). Moreover,
the length of roots and leaves were remarkably suppressed
in vector (VG) plants compared to vector (C) and wild type
plants (Figure 4c, e). The phenotypes were measured after
two weeks grown in the soil. The vector (VG) showed
completely different phenotypes with a smaller size of
whole plants, and the rate of growth was slightly slower
compared to that of vector (C) and wild type (Figure 4d).

4. Discussion

It has been cited that VIGS is a valuable tool for
functional analysis of genes in plants (Burch-Smith et al.,
2004). The VIGS stimulated the knock-down/silencing of
a particular gene expression by using a viral vector
carrying a fragment of the target gene. Most of VIGS
vectors were utilized for gene silencing in plant growth
stages, such as leaves. On the other hand, several VIGS
vectors were successfully induced in the reproductive
organs, including flowers (Fu et al., 2005; Nagamatsu et
al., 2007; Ayumi and Amane, 2009), and fruits (Lim et al.,
2003; Andersson et al., 2004). In present study, we applied
VIGS techniques through the infiltrating vector (VG) for
leaves senescence. The VIGS techniques was found better
approach for testing functional analysis to the silencing of
the vector (VG) in the senescence of leaves. Moreover, the
method proposed for the way to infiltration of Arabidopsis
concluded that the entire aging process was comparable
and provided a suitable experimental system. Thus, we
also applied and followed the way with minor modification
and used leaves, whole plants, whereby we found novel
results.

4.1. VIGS induced at early stages leaf senescence

It is well understood that leaf senescence is a heritably
controlled developmental process that ultimately leads to
cell death. Obviously, under normal growth conditions,
young leaves do not senesce. Perhaps, senescence
inhibitors can effectively inhibit senescence during early
leaf development and activate activators of the leaves age
(Peitao et al., 2014). Interestingly, the role of the carrier
(VG) was significantly different in Arabidopsis leaves.
The overall observation of the silent leaves of Arabidopsis
was analyzed, and it was shown that during the whole
experiment, the vector (VG) and vector (C) and wild type
leaves showed slightly yellow leaves at the beginning of
infiltration. Later, the vector (VG) leaves turned yellow to
fade, instead of the vector (C) and wild type. This view
shows that the efficiency and effectiveness of the vector
(VG) are more important. Although changes were assessed
by measuring ion leakage activity, the expressions of
chlorophyll, SAG12, and PRGs genes were used as
markers of aging progress. We found that there are
significant differences compared to the vector (VG) and
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the vector (C). Similarly, the increased ionic leakage and
SAG12 expression contrasted with the decreased
chlorophyll concentration observed during leaf senescence,
and the whole plant vector (VG) also played a key role in
leaf senescence. Like our findings few others reported that
by transferring nutrients from senescent leaves and
carefully adjusting leaf senescence to maximize the plant's
adaptability, the differential expression of many genes
should be used to precisely control its occurrence,
progress, and completion. Recent applications of genomics
technology have enabled the isolation of a class of genes,
so-called senescence-associated genes (SAG), whose
expression is increased in senescent leaves (Zentgraf et al.,
2004; Fu et al., 2006).

4.2. VIGS play a critical role in stimulating the
instigation of leaf senescence

The effects of the vector (VG) on leaf senescence were
noted by comparison of the yellowish discoloration level
of the vector (VG) with non-silent vector (C) and wild type
during the age-related leaf senescence in Arabidopsis. On
the 15" day after infiltration, the leaves started to turn
yellow in the vector (VG), but the vector (C) infected and
wild-type leaves remained green (Figure 1a). The vector
(VG) remained silent 25-30 days after infiltration, and
those leaves turned completely yellow and revealed the
signs of death. On the other hand, the vector (C) and wild-
type leaves upheld their integrity and revealed only slight
yellowish discoloration (Figure 5). For authenticity, leaf
aging symptoms were further investigated, and typical
senescence-related physiological markers were measured
including  photosynthesis-related  gene  expression,
senescence-related genes expression (SAG12), and
chlorophyll concentration (Figure 6b). After 3 weeks of
infiltration, the chlorophyll content of the vector (C) and
wild-type leaves began to decrease, while the silent leaves
of the vector (VG) had lost 45-50% of chlorophyll content
(Figure 6a). To be sure, similar findings have been
reported concerning their acceleration, induction, and
onset of leaf senescence, photosynthetic activity to reduce
chlorophyll content in silenced plants (Al-Gabbiesh et al.,
2015; Del et al., 2008). Besides, we reviewed that plant
transcription factors of other gene families often have
similar functions. For example, (NAC) and (WRKY)
family genes are well-known aging-related transcription
factors (Fu et al., 2006). More than 20% of the 109 (NAC)
family genes in Arabidopsis are specifically induced
during development-triggered senescence (Buchanan-
Wollaston et al., 2003). Combining all these observations,
the general findings suggest that the vector (VG) can play
an amazing regulatory role in the initiation of leaf
senescence, and as a transcription factor, it may control
senescence by activating or inhibiting genes involved in
the process by transcription.
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Figure 1. VIGS inducing leaves senescence. Senescence
initiation efficiency (A), number of leaves senesced after
infiltration (B), measuring of ion leakage after different time
intervals (C), middling mean of overall senesced leaves of
Arabidopsis (D). Asterisks denote statistically significant
differences using student’s t-test (P<0.05, P<0.01). Error bar
represent the SD of the average from three different biological
replicates.
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Figure 2. Virus Induced Gene Silencing by seed infiltration
method. Germination percentage of vector (VG), vector (C) and
WT at MS-basal media (A, B), Survival rate of vector (VG),
vector (C) and WT seeds in supplementation of antibody (C),
Wild-type of two weeks old rooted seedlings (D), vector (C) two
weeks old rooted seedlings (E), vector (VG) two weeks old rooted
seedlings (F), illustration of preparing plates (G), seedlings grow
into soil and after 10 days vector (VG) showed remarkably low
sized plant compare to that of wild type and vector (C) and
showed slight light color of leaves (H). Data are the average of
three different biological replicates.
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Figure 3. Relative expression level of vector (VG) affecting
senescence in Arabidopsis. Qualitative expression measured by
the PCR (A), PCR analysis of vector (VG) and vector (C) (B).
Asterisks denote statistically significant differences using
student’s t-test (P<0.05, P<0.01). Error bar represent the SD of
the average from three different biological replicates.
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Figure 4. Effect of vector (VG) on growth behavior of
Arabidopsis. Survival rate at supplementation media (A),
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after germination (C), growth behaviors of Arabidopsis
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Figure 6. Expression pattern analysis with different marker genes
and chlorophyll reduction in vector (VG) of Arabidopsis leaves.
Chlorophyll content measurement (A), Relative expression
analysis of SAG12 as senescence marker gene (B), Relative
expression analysis of PSA as photosynthetic associated gene (C),
Relative expression analysis of CAB1 as chlorophyll relating gene
(D). Asterisks denote statistically significant differences using
student’s t-test (P<0.05, P<0.01). Error bar represent the SD of
the average from three different biological replicates.
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Figure 7. Effect of vector (VG) on cells sized reduction.
Microscopic examination of leaves cells on different time
intervals (A), Relative cells number and cell density observations
(B). Asterisks denote statistically significant differences using
student’s t-test (P<0.05, P<0.01). Error bar represent the SD of
the average from three different biological replicates.
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