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ABSTRACT

Plants respond to abiotic stresses through a series of molecular, cellular and physiological changes. These responses are further
influenced by the interactions between host plant and the associated rhizospheric and endophytic microorganisms. The endophytic
microorganisms, due to their intimate proximity with the host plant, are considered to have major influence on plant’s physiological
responses. In the present study, three drought tolerant and plant growth promoting maize seed endophytic bacteria, Bacillus sp. MSEB
17, Bacillus sp. MSEB 72 and Bacillus sp. MSEB 78 were used as seed inoculants in maize (var Bioseed 9681) under drought stress
conditions in a growth chamber pot study and their influence on four drought responsive genes (Zmdhnl, GRMZM2G055844,
GRMZM2G467339 and GRMZM2G109448) in maize leaves was studied by real time PCR using specific primers. The influence of
inoculation on host plant’s response to drought was evident from altered expression of target genes when compared with uninoculated
plants. Notably, inoculation with MSEB 17 increased the expression of three target genes, Zmdhn1 (dehydrin) gene, GRMZM2G467339
gene and GRMZM2G109448 gene by several folds. This study revealed the role of endophytic in alleviating the effect of drought stress

in maize plants through regulating plant growth and physiological response.
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INTRODUCTION

Drought is severely affecting the agricultural production (Li et al. 2015). It is
predicted that, by the end of 2050, more than half of arable lands will face water
crisis. Climate change would further worsen this in the coming days threatening
food security (Lobell et al. 2011; Mancosu et al. 2015). In India, nearly 50% of
the cropped area is considered as severely drought prone (Kamble et al., 2010).
Further, climate change induced severity of drought events is likely to threaten
the agricultural productivity and food security of the country in near future.
Therefore, drought readiness is particularly important for monsoon based agro-
economy of India (Ghosh et al., 2019). Hence, efforts are needed in the direction
of developing suitable technologies to enhance drought tolerance/resistance of
the crop plants.

Maize (Zea mays L.), an important cereal crop, contributes significantly towards
food, livestock and biofuel production. In India, maize is the third most important
food crops after rice and wheat playing a major role in the country’s food
security. As the crop is majorly grown in rainfed areas, pattern of rainfall
influences plant growth and yield by influencing soil moisture availability
(Byjesh et al., 2010). Drought is reported to be the major factor that affects
maize yield (around 15% loss) in rainfed areas (Edmeades, 2008). Any strategies
to combat drought stress in maize will be highly advantageous in these areas. In
this direction, use of microbial resources may provide safe and sustainable
solutions.

Role of microorganisms in shaping host’s health and fitness is becoming more
and more evident from accumulating reports on plant-microbiome and human-
microbiome interactions. The microorganisms which colonize internal tissues of
the plants without causing any disease are referred as endophytes. Similar to
rhizosphere microorganisms, endophytes have been reported to play an important
role in plant growth and development (Hardoim et al., 2008; Gagné-Bourque et
al., 2016). However, the localization of endophytes inside the host provides extra
advantage in terms of nutrient availability and shelter against external
unfavorable conditions. Generally, some of the rhizosphereic and phyllospheric
bacteria eventually infect the plant, colonize the internal tissue become
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endophytic. Some of these endophytes find their route towards seeds and
establish their as seed endophytes that may be transmitted vertically to the
daughter plant after germination (Okungbowa et al., 2019). Plants secrete
chemo-attractants through root exudates, which facilitating plant-microbe cross
talk thus influencing endophytic colonization (Kawasaki et al., 2016). Due to
their intimate relationship with the host plant, the endophyte can be explored as
suitable candidates for development of bioinoculants. Besides plant growth
promotion, endophytes have been reported to confer protection to the host plant
from biotic and abiotic stresses (Bodhankar et al., 2017; Bodhankar et al.,
2019; Coutinho et al., 2015). However, the intricacies of host-endophyte
interactions are yet to be unraveled.

Plant-microbe interactions involve complex mechanisms within the plant cellular
system. Physiological, biochemical and molecular studies help to understand
these complex and integrated cellular processes. To understand plant-microbe
relationships in improving plant tolerance to abiotic stresses, it is essential to gain
deeper insights into the stress-mitigating mechanisms of crop plants. Different
omics approaches viz., genomics, transcriptomics, proteomics, metabolomics and
phenomics are being used to understand interaction of plants with microbes and
their external environment (Meena et al., 2017). Several genes have been found
responsible for conferring drought stress tolerance in plants (Joshi et al., 2016).
In order to reveal complex genetic mechanisms of drought tolerance, the diversity
of stress response genes and their contribution to plant needs to be investigated. It
can be facilitated by analysis of gene expression at transcriptomic, proteomic and
metabolomic levels. Comparison of transcriptome profiles is helpful in
identifying different sets of transcripts responsible for differences between two
biologically different expressions in varying conditions (Bréiutigam and Gowik,
2010). Transcriptomic analyses have been used to discover stress responsive
genes (Shinozaki and Yamaguchi-Shinozaki, 2007; Hayano-Kanashiro et al.,
2009). The real-time PCR (RT-PCR) is a modern and efficient tool in measuring
the levels of MRNA expression in any biological samples. The differential gene
expression under varying conditions can help in understanding the response of
biological system to a particular condition. Drought tolerance is considered as
quantitative trait, involving the participation of a complex set of genes. Stress
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tolerant genotypes/species are thought to be expressing novel stress responsive
genes with unique functional significance (Waditee et al., 2002). Researchers
have reported that the inoculation with plant beneficial endophytic bacteria can
influence the expression of drought responsive genes (Gagné-Bourque et al.,
2016). However, majority of such studies have used Arabidopsis as model plant
(Timmusk and Wagner 1999). Here, we report the influence of seed endophytic
bacteria, able to alleviate drought stress effects in maize plants when pre-
inoculated through seed bacterization at the time of sowing, on drought
responsive genes in maize plants. The objective of the present investigation was
to study the effect of inoculation of bacterial endophytes on plant growth,
biochemical and expression of selected drought responsive genes in drought
stressed maize plants.

MATERIAL AND METHODS
Maize seed endophytic bacteria

Selected potential maize seed endophytic bacteria (MSEB-17, MSEB 72 and
MSEB 78) used in the present study, were previously isolated from surface
sterilized seeds of 3 different genotypes of maize (259-17, PSRJ-13041 and Z32-
87) (Bodhankar et al., 2017). The isolates could exhibit plant growth promoting
traits and improved plant growth under drought stress conditions (Bodhankar et
al., 2019). On the basis of 16SrRNA sequence analysis, the isolates MSEB-17,
MSEB 72 and MSEB 78 exhibited highest similarity to Bacillus licheniformis,
Bacillus subtilis and Bacillus subtilis in the NCBI GenBank database. The
sequences have been submitted to NCBI under the accession numbers
KU877804, KU877809 and KU877806, respectively. These cultures have also
been deposited at National Agriculturally Important Microbial Culture Collection
(NAIMCC), India under the accession numbers NAIMCC-B-01938, NAIMCC-
B-01936, NAIMCC-B-01937, respectively. The bacterial cultures were
maintained on nutrient agar (NA) slants at 4°C and multiplied as and when
required using the same medium.

Growth chamber experiment

The plant growth chamber experiment was conducted with five treatments. The
treatments T1 (MSEB-17), T2 (MSEB-72), T3 (MSEB-78), T4 (un-inoculated)
were subjected to drought stress whereas T5 (un-inoculated) was irrigated. Maize
seeds (cv. Bioseed 9681) were surface sterilized as per the procedure described in
Bodhankar et al. (2017). The surface sterilized seeds were soaked in freshly
raised bacterial broth (=108 cells mlI*) for one hour and immediately sown in
plastic pots filled with sterile soil (2.5 Kg/pot). The soil for the pot experiment
was Alfisol collected from 0-15 cm depth from research farm of CRIDA,
Hyderabad, India (a semi-arid region under rainfed production system). The soil
contained 72% sand, 9% silt, and 19% clay with 36% water holding capacity and
1.42 Mg m~3 bulk density and electrical conductivity of 0.103 ms. Organic C,
available N and P and K contents of soil were 0.4%, 210 kg/ha, 28 kg/ha and 150
kg/ha respectively. The soil was sterilized by autoclaving twice for 20 min at
120°C with a 24 h interval. The pots were kept in environmental growth chamber
(JSR-JSGC-960C-F, JS Research Inc, Republic of Korea) and the following
conditions viz., temperature 28/25°C (day/night), relative humidity (70%) and
photoperiod (12h) were maintained (Fig. 1).

MSEB 72 MSEB 78 MSEB 17 Positive Control

Figure 1 Growth chamber experiment of maize seedlings inoculated with MSEB

Negative Control

All the plants were watered once in two days with sterile water to field capacity
upto 21 days after sowing. Thereafter, watering was stopped in all the treatments,
(except in T5), to impose drought conditions. The seedlings were observed
closely for the appearance of stress symptoms (rolling and wilting of leaves).
After 7 days of withholding water, the observations on expression of drought
responsive genes, total chlorophyll (measured by Minolta SPAD chlorophyll
meter-502), were recorded and the plants were harvested to measure plant growth
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(shoot length, shoot fresh and dry weight) and biochemical parameters (proline,
total sugar content) and soil moisture content. The dry biomass of shoot samples
was recorded after oven drying at 70°C till constant weight.

Estimation of proline, total sugar and soil moisture content

Free proline accumulation in leaves was estimated as per the procedure described
by Bates et al. (1973). Briefly, fresh leaf sample (500 mg) was homogenized
with 5 ml of aqueous sulfosalicylic acid (3%) in a mortar and pestle. The volume
of the extract was made up to 10 ml with aqueous sulfosalicylic acid. Two ml of
acid ninhydrin and 2 ml of glacial acetic acid were added to the 2 ml of extract.
The mixture was incubated for 1 h at 100°C in boiling water-bath and then,
transferred to an ice-bath to terminate the reaction. Four ml of toluene was added
and mixed vigorously using a vortex mixer for 15 to 20 seconds. The absorbance
of the chromophore was measured at 520 nm in a spectrophotometer (Thermo
Spectronic 336009, USA) against an appropriate blank. The proline content was
determined from the standard curve prepared with proline and expressed as
umol/g.

Total sugar content in leaves was estimated by phenol-sulphuric acid method
(Dubois et al., 1956). Briefly, fresh leaf sample (500 mg) was extracted twice
with 5 ml of ethanol (80%). To 0.5 ml of the extract, one ml of 5% phenol and 5
ml conc. sulphuric acid were added followed by incubation for 20 min at room
temperature for the development of stable yellow orange color. The absorbance
was read at 490 nm using spectrophotometer (Thermo Spectronic, USA). The
concentration of total sugars was calculated from the standard curve prepared
using glucose. Soil moisture content was estimated by gravimetric method
(Jalota et al., 1998).

Real time PCR for gene expression studies
RNA isolation

Total RNA was isolated from maize leaves (0.5 g) using Trizol® reagent
(Invitrogen, Carlsbad, CA) (Ghosh et al., 2017). The RNA was electrophoresed
and visualized on 1.2% (w/v) agarose gel (Sambrook et al., 1989). The RNA
was quantified by Nanodrop® ND-1000 spectrophotometer. The RNA samples
with 260/280 ratio between 1.9 and 2.0 and 260/230 ratio on or above 2.0 were
used for RT-PCR analysis.

cDNA synthesis and qPCR

The cDNA synthesis from total RNA (1 pg) was done using Superscript III
Reverse Transcriptase (Invitrogen). Semi-quantitative PCR was performed using
respective primers (Xu et al., 2014) of the following genes - Zmabp3, Zmdhn1,
GRMZM2G055844, GRMZM2G467339 and GRMZM2G109448 (Table 1).
Zmabp3 was used as reference gene for data normalization. The data obtained
was corroborated using real-time quantitative PCR (Step One Plus, Applied
Biosystems, USA) using SYBR green PCR master mix. Gene expression analysis
was done as relative quantification by following the AACT method (Livak and
Schmittgen, 2001). Statistical analysis was done to compare data between two
different treatments by student’s t-test (two-tailed analysis, p<0.05).

Statistical analysis

Comparisons between treatments were carried out by two-way analysis of
variance (ANOVA) using SPSS software package version 19 (IBM SPSS
Statistics 19, USA). Each treatment was analyzed with three replicates and a
standard deviation (SD) was calculated and data are expressed in mean + SD.

RESULTS

Effect of inoculation of MSEB on plant growth parameters and soil moisture
content under drought stress condition

The treatments which included bacterial endophytes viz., improved shoot length
(29.7 - 41.9 %), shoot fresh weight (14.1% - 36.4%), shoot dry weight (21.4% -
50%) and chlorophyll content (12.2 - 19.8 %) in comparison with uninoculated
drought stressed control. Highest shoot length was observed in the treatment
with MSEB 72, followed by MSEB 78 and MSEB 17 with 41.9%, 37.4% and
29.7% increase respectively over uninoculated drought stressed control treatment
(Table 1). Maximum improvement in shoot fresh weight was observed in the
treatment with MSEB 17 (36.4%) followed by MSEB 78 (34.4%) and MSEB 72
(14.1%) over uninoculated drought stressed control. Similar trend was also
observed in case of shoot dry weight treatment with MSEB 17 showing
maximum improvement over control (50%) followed by MSEB 78 (28.5%) and
MSEB 72 (21.4%). Similarly, highest chlorophyll content was recorded in MSEB
17 (19.8% increase over control) followed by MSEB 72 (13.1% increase over
control) and MSEB 78 (12.2% increase over control) in comparison with the
control (Table 1). Among MSEB treatments MSEB 72 showed higher soil
moisture content (16.9%) followed by MSEB 17 and MSEB 78 (6.2%) under
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drought stress condition as compared to un-inoculated control treatment (Table

1).
Table 1 Inoculation effects of selected MSEB isolates on maize growth, physiological and soil moisture content parameters under drought condition in sterile
soil
Treatments Chlorophyll Shoot length Shoot fresh Shoot dry ( nfgl(;”r;fesh Sugar (mg/g fresh  Soil moisture
(SPAD units) (cm) weight (g) weight (g) s Weigght) weight) Content (%)
T1 (MSEB 17) 39.2a(+0.7) 50.89b(£0.44)  2.02a(+0.004)  0.21a(+0.003)  0.84a(+0.005) 6.72a(+0.53) 1.7¢(0.18)
T2 (MSEB 72) 37b(£0.4) 55.64a(+0.93) 1.69¢(£0.003)  0.17¢(x0.002)  0.64b(0.003) 5.06¢d(+0.005) 1.87b(0.08)
T3 (MSEB 78) 36.7b(£0.1) 53.89ab(+0.18)  1.99b(+0.002)  0.18b(+0.002)  0.61c(£0.002) 5.39b(+0.186) 1.7¢d(0.13)
T4 (Negative control) 32.7¢(x0.1) 39.21¢c(+1.23) 1.48d(x0.002)  0.14d(+0.001)  0.49d(+0.003) 4.96d(x0.031) 1.6d(0.12)
T5 (Positive control) 35b(+0.2) 49.2b(+0.55) 1.60c(£0.003)  0.16¢(+0.002)  0.53d(0.001) 5.09¢d(+0.005) 11.7a(0.26)
CV% 1.64 2.67 0.28 2.19 0.81 6.8 8.3
LSD 141 251 0.008 0.004 0.01 0.82 0.5
When compared with uninoculated irrigated control, the drought stressed 20 1  wPOSITIVE CONTROL  ®NEGATIVE CONTROL  ®MSEB 17 #MSEB72 ®MSEB 78
inoculated plants exhibited improved shoot length (3.4% - 13%), shoot fresh »
weight (5.6% - 26.2%), shoot dry weight (6.2% - 31.2%) and chlorophyll content il L
(4.8% - 12%). Highest increase in shoot length was observed in the treatment
with MSEB 72 (13%), followed by MSEB 78 (9.5%) and MSEB 17 (3.4%) over
the uninoculated irrigated control treatment (Table 1). Maximum increase in 24
shoot fresh weight was observed in the treatment with MSEB 17 (26.2%)
followed by MSEB 78 (24.3%) and MSEB 72 (5.6%). Similar trend was also E . E
observed in case of shoot dry weight treatment with MSEB 17 (31.2%) showing ;’ ] 1
maximum increase, followed by MSEB 78 (12.5%) and MSEB 72 (6.25%). 5 *
Maximum increase in chlorophyll content was recorded in MSEB 17 (12%) I LEE . s * - B
followed by MSEB 72 (5.7%) and MSEB 78 (4.8%) in comparison with the _ mB * o
control (Table 1). ol m I = ] I ml A | = &l

Effect of inoculation of MSEB isolates on plant physiological parameters
under drought stress

Inoculation with endophytic bacteria improved the proline and sugar content in
plants as compared to uninoculated control under drought stress conditions.
Maximum proline content was observed in the treatment with MSEB 17 (71.4%)
followed by MSEB 72 (30.6%) and MSEB 78 (24.4%) in comparison with
uninoculated control. Similarly, highest sugar concentration was recorded in the
treatment with MSEB 17 (35.4%) followed by MSEB 78 (8.6%) and MSEB 72
(2%) as compared with un-inoculated control (Table 1).

When compared with uninoculated irrigated control plants, the drought stressed
inoculated plants exhibited higher proline and sugar content. Maximum increase
in proline content was observed in the treatment with MSEB 17 (58.4%)
followed by MSEB 72 (20.7%) and MSEB 78 (15%) in comparison with
uninoculated control. Similarly, highest increase in sugar concentration was
recorded in the treatment with MSEB 17 (32%) followed by MSEB 78 (5.8%) as
compared with un-inoculated control (Table 1).

Real time PCR analysis for expression of drought responsive genes in maize

Real time PCR was carried out to understand the expression of stress responsive
genes in maize plants inoculated with endophytic bacteria. Four candidate
drought responsive genes Zmdhnl, GRMZM2G055844, GRMZM2G467339 and
GRMZM2G109448 (Table 2) were selected for present study and corresponding
primer pairs were designed. Gene Zmabp3, translating into an actin binding
protein was used as endogenous control for relative quantification of the
expression of the target genes. The expression profile in the host under drought
stress varied among the treatments in the present study. Zmdhnl is a stress
responsive gene belonging to dehydrin family. Dehydrins bind to various
molecules such as water, phospholipids thus indicating protective activity.
Although, the molecular functions of the dehydrins are still not understood a
positive relationship between the level of accumulation of dehydrin transcripts
and plant stress tolerance has been reported in several physiological studies
focusing on plant stress response (Choura and Brini, 2018). In the present study
drought stressed maize plants treated with MSEB 72, MSEB 78 and MSEB 17
showed increase in the expression of Zmdhnl gene (dehydrin) by 40.3%, 33.5%
and 30.5% respectively (Fig. 2).
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Zmdhnl GRMZM2G055844 GRMZM2G467339 GRMZM2G109448
Figure 2 Expression profile of drought responsive genes in maize as influenced
by maize seed endophytic bacteria under drought stressed condition. Each bar
represents mean + SE. “*” indicates significant difference (p<0.05) in data
between positive control and any other treatment of analysis. Statistical analysis
was done to compare data between vo different treatments by student’s t-test
(two-tailed analysis, p<.05).

Inoculation with MSEB 17 increased the expression of all the three target genes,
Zmdhnl (dehydrin) gene, GRMZM2G467339 gene and GRMZM2G109448 gene
by several folds in the drought stressed maize plants. However, the expression of
gene GRMZM2(G109448 that increased significantly under MSEB 17 treatment,
exhibited significant reduction under MSEB 72 and MSEB 78 treatments.

DISCUSSION
Effect of maize seed endophytes on maize plant growth parameters

Drought is one of the major limitations to food production worldwide and is
estimated to have reduced national cereal production by 9-10% (Xu et al., 2014).
There is a need to find environmentally friendly solutions to increase tolerance to
drought stress and allow growth of plants under water limited condition (Xu et
al., 2014). Three Bacillus spp. strains (MSEB 17, MSEB 72, MSEB 78) used in
the present study were previously isolated as seed endophytes from different
maize genotypes. The three MSEB strains possess multiple plant growth
promoting traits like indole acetic acid production, siderophore production,
antagonism against fungal pathogens and lytic enzymes production. Besides, the
strains exhibited tolerance to salinity (10% NaCl), osmotic stress (40%
PEG6000), and high temperature (60°C) (Bodhankar et al., 2017; Bodhankar
et al., 2019). Isolation of the bacterial strains from dried seed environment
indicated their ability to sustain under unfavorable conditions. Expression of
multiple plant growth promoting traits, tolerance to abiotic stresses and
production of lytic enzymes make them suitable candidates to be deployed as
bioinoculants under stress conditions. Further, successful endophytic colonization
by these strains in the roots, shoots and leaves of maize plants has been reported
using rifampicin resistance marker (Bodhankar et al., 2017). Bacteria belonging
to genus Bacillus and possessing multiple plant growth promoting traits have
been reported to enhance drought tolerance in different crops (Vardharajula et
al., 2011; Kavamura et al., 2013, Grover et al., 2014, Santana et al., 2020). In
the present study, MSEB inoculated treatments (MSEB 17, MSEB 72 and MSEB
78) showed better plant growth parameters, chlorophyll, shoot length, shoot fresh
biomass, shoot dry biomass and physiological parameters, proline and sugar
content, soil moisture content indicating the positive effect of inoculation on
plant growth under drought stress and well watered conditions. Most damaging
effect of drought stress is associated with photosynthetic process of plant. Many
studies have shown that decrease in photosynthetic activity under drought stress
can be attributed to non-stomatal and stomatal limitations (Zlatev and
Yordanov, 2004). Bleaching of leaves exposed directly to the sun under drought
stress can be observed (Sheikh et al., 2017). However, inoculation with stress
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tolerant PGPR have been found to reduce the effects of drought on chlorophyll
content. High chlorophyll content has been connected with drought tolerance in
maize (Zaeifizade and Goliov, 2009). According to Grover et al. (2014)
chlorophyll content in the inoculated treatments (Bacillus spp. strains) was higher
as compared to respective control treatments in both the sets indicating better
physiological health of inoculated plants under stress conditions. In this study,
MSEB inoculations improved chlorophyll content under drought stress as
compared with un-inoculated control (Table 1). Grover et al. (2014) reported
positive effect of bacterial inoculation on shoot length and biomass as compared
to uninoculated control treatments. Similarly, Timmusk et al. (2014) showed that
under drought stress, wheat plants treated with PGPR had 78% higher biomass
than non-treated plants, confirming the potential of PGPR to enhance plant
performance under drought stress. In present study MSEB inoculation improved
shoot length which resulted in better survival, shoot biomass compared to the un-
inoculated control (Table 1).

Effect of maize seed endophytes on plant physiological parameters and soil
moisture content

Plants are known to accumulate organic osmolytes under drought stress, such as
proline and sugars that contribute to the tolerance of host plant under drought
through enhanced osmoregulation (Trotel-Aziz et al., 2000). Proline is
synthesized in response to extensive range of abiotic stresses and is an essential
metabolite that mediates osmotic adjustment, stabilizes sub-cellular structures,
and scavenges free radicals (Hare and Cress, 1997). Accumulation of sugars in
different parts of plants is enhanced in response to the variety of environmental
stresses (Prado et al., 2000). Estimation of proline and sugars at regular intervals
after exposure to stress can give better understanding about the effect of
microbial inoculation on biochemical parameters (Grover et al., 2014). In terms
of proline and sugars, Positive effect of MSEB inoculation MSEB was observed.
However, treatment with MSEB 17 recorded higher proline and sugar content, as
compared un-inoculated treatment (Table 1). Soil texture is the only factor
affecting the moisture content at permanent wilting. The soil moisture content at
the time of permanent wilting might conceivably be affected by the plant species,
environmental conditions and the soil texture (Naveed et al., 2014). Grover et
al., 2014 reported treatment with KB129 inoculation exhibited significantly high
soil moisture content. In this study, positive influence of MSEB inoculation was
observed on soil moisture content, may be related to biofilm formation and
production of exopolysaccharide by inoculated endophytes which help in
moisture conservation in the rhizosphere and on the root surface. Inoculation with
MSEB 72 showed higher soil moisture content followed by MSEB 17 and MSEB
78 inoculated treatments.

RT PCR based expression of drought responsive genes in maize as
influenced by MSEB inoculation

Various stress conditions cause altered gene expression in the biological systems.
Understanding the functions of the stress responsive genes can help to unravel the
possible mechanisms of stress tolerance in a biological system. According to
Ghosh et al., (2017) a drought tolerant Pseudomonas putida GAP45 resulted in
several fold increase in the expression of proline biosynthesis genes in drought
stressed Arabidopsis thaliana and the altered expression could be positively
correlated with morpho-physiological evidences of water-stress mitigation in the
plants. Gupta et al. (2010) reported that the recombinant E coli cells harboring
SbDREB2A (dehydration-responsive element binding transcription factor) from a
halophyte, exhibited better growth under stress conditions indicating the role of
this transcription factor in regulation of stress related functional genes. Gene
expression analysis by Gond et al. (2015) revealed that inoculation with P.
agglomerans caused upregulation of the aquaporin genes in maize plants under
salt stress conditions.

Zmdhn1l (dehydrin) is a stress responsive gene. The role of dehydrins, however,
could be part of defence mechanisms against pathogen infection, usually present
during periods of water scarcity. In the present study seed inoculation with all the
three isolates enhanced the expression of Zmdhnl in drought stressed maize
plants with MSEB 72 exhibiting maximum increase in expression of Zmdhnl
gene (2-fold). Evidence exists of an induction by wounding, which is a common
stress due to insect attack, but which is also considered a dehydration stress, as
the cellular damage can lead to water loss (Hanin et al., 2011). Inoculation with
endophytic Trichoderma harzianum mitigated abiotic stress in rice by
upregulating aquaporin, dehydrin, and malonialdehyde genes (Pandey et al.,
2016).

The gene GRMZM2G055844 has been related with protein kinase activity.
Protein kinases are important components in the signal transduction pathways of
various environmental signals in plants. Expression of several plant protein
kinase genes has been shown to be induced by water deficit conditions. Protein
reversible phosphorylation is catalyzed by protein kinases and phosphatases and
also is one of the most ubiquitous and important regulatory pathways of signal
transduction and physiological metabolism in plants (Hong et al., 1997; Li et al.,
2009). In present study treatment with MSEB 17 showed increased expression of
GRMZM2G055844 gene by 13% compared with uninoculated control under
drought stress (Table 2 and Fig. 2).

Table 2 Drought responsive genes used for the study expression of maize leaf protein under drought stress

Genes Target genes

Primer sequences

G1. Zmabp3 — actin binding protein

Z. mays encoding the actin binding protein, the 18S small

subunit of ribosomal RNA (Zm18SRNA)

G2. Zmdhn1 - Dehydrin as stress responsive gene

G3. GRMZM2G055844 - Protein kinase activity

G4. GRMZM2G467339 - Sorghum bicolor hypothetical protein

Gb. GRMZM2G109448 - Histone H2A Protein Zea mays

Forward:
TGTGAACGATGAGTGCATGCT
Reverse:

CGGTGCAGCCTCTTCGA

Forward:
AGGAAGAAGGGAATCAAGGAGAAGA
Reverse:

CGTGCTGGTCGTCCTTGT

Forward:
TATGTCCAGTCAGCGAGAG
Reverse:
GGCTATGTCCACGATCATTG
Forward:
GTATGTCTTAATAGGTATGTCTCA
Reverse:

GTACACCCGATGTTCTTC

Forward:

GCTGTCTCATCCTCATCG

Reverse:
CCAATCTGTGAAGAAGTGAAG

The GRMZM2G467339 is a Sorghum bicolor hypothetical protein and has been
related to drought response (Xu et al., 2014). Treatment with MSEB 17 exhibited
higher expression by 78.4% followed by MSEB 78 that showed 2.7% increase in
the expression of GRMZM2G467339 as compared with control treatment under
drought stress condition (Table 2 and Fig. 2). The GRMZM2G109448 is a histone
H2A protein (Zea mays). A basic core histone octamer for nucleosomes is
composed of histones H2A, H2B, H3, and H4. Histone variants, such as H2A
function in precise and specific regulation of gene activity and genome structure.
H2A deposition plays an important role in thermal stress responses. It has been
reported to be up-regulated under water stress conditions (Yu et al., 2003).
Treatment with MSEB 17 resulted in highest expression of GRMZM2G109448
gene by 113.3% compared to uninoculated control under drought stress condition
(Table 2 and Fig. 2). We noted that the treatment with MSEB 72 down-regulated
GRMZM2G055844 and GRMZM2G467339 genes and MSEB 78 down-regulated
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GRMZM2G109448 gene in leaves. This might indicate different levels of
interaction between host plant and various microbial strains. Down regulation of
stress responsive gene also indicate homeostatic effect of the inoculated strains.
In a study by Fukami et al. (2018) maize plants inoculated with Azospirillum
brasilense strains alone or in combination with Rhizobium tropici responded
positively under saline conditions, however the response varied with the
microbial strains. They observed that heat-shock protein hsp70 were down-
regulated in leaves and roots, indicating that inoculation with PGPB might reduce
the need for this protection. However, more studies are needed to understand the
variation among different strains in influencing the stress response of host plant.
The present study reveals the role of endophytic bacteria in influencing the
drought response of maize plant as indicated by altered expression of selected
stress responsive genes in the inoculated treatments oven control. Further, the
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response of the host plant towards stress conditions varies with the inoculant
strains, indicating the need to scrutinize the strains at molecular levels.

CONCLUSION

These efficient maize seed endophytic bacterial strains improved the plant growth
and physiological parameters under drought condition. These strains can be
further evaluated under field conditions and the potential strain/s may be
developed as bioinoculant for important rain-fed crops. Inoculation with MSEB
17 increased the expression of Zmdhnl (dehydrin) gene, GRMZM2G467339 gene
and GRMZM2G109448 gene by several folds. These genes have been associated
with drought response in maize plant, indicating that bacterial endophytes
influence the response of host plant to drought conditions at genetic levels. This
study can form the basis to understand the molecular host-endophyte interactions
and population dynamics under stress conditions and advantages of using
endophytes over rhizobacteria.
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