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ABSTRACT

The potential plant growth promoting rhizobacterium Serratia liquefaciens
isolate KM2 (SL-KM2) was evaluated for its effect on the growth and
hormonal homeostatic in rice cv. ‘Dandi’. The rice seeds were treated with
SL-KM2 and sown in po;ybags. The phytohormonal analysis of rice
seedlings was performed 20 days after sowing (DAS) by using UFLC
techniques. The study showed that SL-KM2 seed treatment balanced
phytohormones homeostatic wherein gibberellic acid (GAs) and indole
acetic acid (IAA) contents in leaves and root tissues were affected positively
whereas abscisic acid (ABA) and jasmonic acid (JA) were negatively
affected. The balanced phytohormone contents resulted in improvement in
physiological parameters viz., root length, root volume, shoot length and
fresh weight as compared to the untreated control. The expression analysis
of genes involved in phytohormones perception and signaling was
performed by qRT-PCR technique at 20 DAS which further confirmed seed
treatment-mediated hormonal modulation. Under seed treatment condition,
the genes GAIL, EIL1, PR1, PAL, EDS1 and AOS2 were up-regulated in leaf
tissue whereas ERF1 gene was down-regulated. In case of root tissue, genes
GAIL, EIL1, ERF1, PAL and EDS1 were up-regulated whereas genes PR1
and AOS2 were down-regulated. Besides improving the seedling physiology,
the up-regulation of PAL and PR1 by SL-KM2 seed treatment imparted
better stress tolerance in plant. This study confirms the association of
phytohormone-related gene expression with observed hormonal state
contributing toward enhanced physiological response in rice.
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INTRODUCTION

The rhizosphere is a narrow zone of soil which is specifically influenced by root system (Dobbelaere
et al., 2003). This zone is rich in nutrients than bulk soil due to the accumulation of a variety of plant
exudates such as amino acids and sugars which serve as a rich source of energy and nutrients for
bacteria leading to higher bacterial population in this zone (Gray and Smith, 2005). The rhizosphere
microorganisms have become important tool in guarding plant health in eco-friendly manner
(Kloepper et al., 1980). These plant growth-promoting rhizobacteria (PGPR) positively affect the
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plant growth by direct and indirect mechanisms (Ahemad and Khan, 2009). PGPRs reportedly
enhance plant growth through a variety of mechanisms like fixation of atmospheric nitrogen,
production of iron-chelating siderophores, solubilization of minerals like phosphorus, and synthesis
of phytohormones (Zakry et al., 2012).

The ability of rhizospheric bacteria to influence plant hormonal status is likely involved in most
known mechanisms of growth promotion action by PGPR (Kudoyarova et al., 2019). Molecular
approaches using microbial and plant mutants (with altered ability to synthesize or respond to specific
phytohormones) have helped in understanding the role of phytohormone synthesis as a direct
mechanism of plant growth enhancement by PGPRs (Egamberdieva et al., 2017; Hassan and Bano,
2019). The growth-stimulating hormones are produced by plants under the influence of micro-
organisms (Shi et al., 2017); whereas the metabolizing growth-inhibitory hormone leads to the plant
growth promoting activity (Glick, 2014). The pivotal changes in plant expression of hormone-
mediated genes have highlighted the importance of hormones in plant-microbe interactions
(Ambreetha et al., 2018; Jatan et al., 2018). PGPRs synthesizing auxins and cytokinins that interfere
plant ethylene synthesis have been identified. Only 1 to 2% of bacteria promote plant growth in
rhizosphere (Antoun and Kloepper, 2001). PGPR can alter root architecture and promote plant
development by producing different phytohormones like 1AA, gibberellic acid, cytokinins, etc.
(Kloepper et al. 2007, Sun et al., 2018). The PGPR modulate phytohormone level in plant by
regulating the expression of various genes viz., gibberellic acid insensitive (GAI), ethylene insensitive
3-like El (EIL1), ethylene-responsive factor (ERF), pathogenesis-related gene (PRG), phenylalanine
ammonia-lyase (PAL), enhanced disease susceptibility 1-like (EDS1) and allene oxide synthase
(AOS) show influence both at biochemical and morphological levels. The present study was aimed to
assess the influence of transcript level change in reported regulatory genes with phytohormones level
and its effect on growth in model plant system rice.

MATERIALS AND METHODS

Plant material

The seeds of rice (Oryza sativa) cv. ‘Dandi’ was procured from Agronomy Farm, N.M. College of
Agriculture, Navsari Agricultural University (NAU), Navsari, Gujarat (India). The seeds were surface
sterilized with 0.01% HgCl, for 1 min followed by four rinsing with autoclaved double distilled water
to remove all the traces of HgCl..

PGPR treatment

The potential PGPR isolate (Serratia liquefaciens isolate KM2) was procured from the Department
of Plant Pathology, N.M. College of Agriculture, NAU, Navsari and used for seed treatment of
surface sterilized rice seeds cv. ‘Dandi’. The overnight grown culture (1 x 108 cfu mL™) was used for
seed treatment @ 10 mL kg™. The treated seeds were shade-dried and then sown in polybags
containing aseptic potting mixture (50:50, sand:soil). Ten seeds were sown per polybag. The
experiment was conducted in a complete randomized design and each treatment was replicated 10
times. The bags were irrigated and nourished with Hoagland’s solution as and when required. A
suitable untreated control was also maintained.

Physiological analysis

The root length, root volume, shoot length and fresh weight were measured 10 and 20 days after
sowing (DAS). The uprooted plants were washed under clean water and then air-dried before analysis.
The root and shoot length were measured with a scale from below and above the collar region at
root/shoot junction. The root volume was measured by dipping the roots into measuring cylinder and
calculating the rise in volume. The fresh weight was measured using weighing balance.
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Molecular and phytohormonal analysis

For molecular and phytohormonal analysis, the leaves and root tissue were collected at 20 DAS. The
phytohormones viz., gibberellic acid (GAs), indole acetic acid (IAA), abscisic acid (ABA) and
jasmonic acid (JA) were analyzed as per the method of Yuan et al. (2010) using Ultra-Fast Liquid
Chromatography (UFLC; Shimadzu, Japan) equipped with PDA detector 2800 and C-18 column. The
samples were separated using methanol: water (60:40) mobile phase having a flow rate of 1.0 mL
min, followed by visualization with UV visible detectors (GA, 1AA and JA at 208 nm and ABA at
265 nm). The detection and quantification of phytohormones were done by comparison with
standards based on retention time and area-concentration response, respectively.

The RNA was extracted by TRIzol method following the instruction of manufacturer
(Invitrogen). The QuantiTect reverse transcription kit (QIAGEN) was used for cDNA synthesis with
integrated removal of genomic DNA contamination as per the manufacturer’s instructions. The
expression analysis of PGPR trait-related genes viz., gibberelic acid insensitive (GAI): F- GGATCC
AAATCCCAACCTATCC, R- GTACTCGCGCTTCATGATCTC, ethylene insensitive 3-like E1
(EIL1): F- ATCACCAGCGCCATATCGTT, R- CACGGTTGTTCAGCATCAGC, ethylene-respon-
sive factor 1 (ERF1): F- CATATCACCTTGACGCCCCA, R- ACCCTCACAAACTCACTCGG,
pathogenesis-related gene 1 (PR1): F- TCGTATGCTATGCTACGTGTTT, R- CAC TAAGCAAAT
ACGGCTGACA, phenylalanine ammonia lyase (PAL): F- GCGGATTCAATGAGAGGTAGTC, R-
CCGCAGCCACTTGAGATATT, enhanced disease susceptibility 1-like (EDS1): F- CATTCCAAG
AACGAGGACACTG,R-CAAGACTCAAGGCTAGAACCGA and allene oxide synthase 2 (AOS2):
F- CTCGTCGGAAGGCTGTTGCT, R- ACGATTGACGGCGGA GGTT were done using Quanti-
Fast™ SYBR® Green PCR kit (QIAGEN) through ABI 7300 real time cycler (ABI, USA). The relative
guantification of genes was calculated as fold changes in gene expression using actin (ACT; F-
CCCTGCTATGTATGTCGCTATT, R- GAAGGGCATAACCCT CGTAAA) as an endogenous
control for normalization of gene expression data analyzed by Applied Biosystems 7300 Real-Time
PCR System software SDS v1.4.

The standard basic descriptive statistical analysis was performed for physiological and
phytohormones study as per Panse and Sukhatme (1978).

RESULTS AND DISCUSSION

The SL-KM2 seed treatments showed positive influence on root, shoot and overall plant growth at 10
and 20 DAS (Fig. 1). The maximum root length (23.67 cm), shoot length (16.58 cm), root volume
(1.356 mL) and fresh weight (0.42 g) was noticed in SL-KM2 seed treatments at 10 DAS. The same
trend was observed at 20 DAS also. The phytohormones analysis carried out at 20 DAS showed that
GA; and IAA were positively influenced by seed treatments whereas ABA and JA in leaf and root
tissues were negatively influenced (Fig. 3). The GAs content was higher in leaf tissue as compared to
the root tissue, whereas IAA content was higher in root tissue as compared to the leaf tissue. The
highest GA; content of 56.12 nM g* FW and IAA content of 27.53 nM g* FW were found in SL-
KM2 seed treatment in leaf and root tissue, respectively. The highest ABA content of 3.01 nM g*
FW and JA content of 7.85 nM g FW were noticed in leaf tissue of untreated rice plant. The SL-
KM2 seed treatment decreased ABA and JA contents in both leaf and root tissues. Further, the
contents of these phytohormones were higher in leaf tissue as compared to root tissue. The balanced
phytohormone content favoured the vigorous seedling growth.

The amplification plot and dissociation analysis of GAI, EIL, PR1, PAL, EDS1, AOS2 and
ERF1 genes showed single melt curve which indicated that only specific product was amplified
during qPCR analysis (data not shown). The SL-KM2 seed treatment influenced the expression of
different PGPR trait-related genes in both root and leaf tissue of rice at 20 DAS (Fig. 4). The GAIl gene
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was up-regulated in leaves (0.04 Rq)
and root tissue (0.76 Rq). There was
significant up-regulation of EIL1
gene in leaves tissue (3.46 Rq) and it
was also up-regulated in root tissue
(0.25 Rq) by seed treatment. The
ERF1 gene was down-regulated in
leaves tissue (-4.73 Rq) whereas up-
regulated in root tissue (0.25 Rq). The
PR1 gene expression was 1.55-fold
higher in leaf tissue whereas it was
down-regulated in root tissue (-1.88
Rq) by seed treatment. The SL-KM2

| seed treatment increased PAL gene

expression in leaf (2.48 Rq) and root
tissue (0.54 Rq). The EDS1 gene was
also up-regulated in leaf tissue (0.72
Rq) and root tissue (0.31 Rq). There
was up-regulation observed for AOS2
gene in leaves (1.92 Rq) whereas it
was down-regulated in root tissue
(-1.01 RQ).

The interaction between
microbes and the host plant is a
mutualistic interaction that improves
plant growth under stress through the
induction of osmoregulation,
hormonal  balance, biochemical
processes and changes in metabolic
interfaces among partners (Nadeem et

al.,, 2014; Park et al, 2017,
Kudoyarova et al., 2019). In this
study, SL-KM2 seed treatments

improved the seedling physiology
which coincided with the hormonal
balanced in rice. Reports reveal that
some bacteria in various crops may
produce several types of
phytohormones in plant tissues that
interact to modulate important
physiological processes in plants,
including hormonal balance (Asaf et
al., 2017, Zhao and Zhang, 2015,
Cohen et al., 2015, Ambreetha et al.,
2018; Jatan et al., 2018).

In present study, GAI1, EIL1,
PR1, PAL, EDS1 and AOS2 genes
were up-regulated in leaf tissue
whereas ERF1 was down-regulated
under seed treatment condition. In
case of root tissue, GAIll, EIL1,
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Fig. 3: A) Chromatogram of standard phytohormones analyzed through UFLC; B) Effect of
SL-KM2 seed treatment on phytohormones at 20 DAS; So - without SL-KM2 seed
treatment; Si - with SL-KM?2 seed treatment
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ERF1, PAL and EDS1 were up-regulated whereas PR1 and AOS2 were down-regulated. The OsEIL1
is probable transcription factor acting as a positive regulator in the ethylene response pathway. It is
required for ethylene responsiveness in adult plant tissues and binds a primary ethylene response
element present in the ethylene-response-factorl (ERFI) promoter with consequence to activate the
transcription of this gene (Chao et al., 1997; Solano et al., 1998). The least expression of OsEIL1
found in root tissue reports lower cellular ethylene production in root tissue that further supported by
lower expression of ethylene-response-factorl (ERF1). In leaf tissue the manifold increase in EIL1
did not lead to enhanced expression of ERF1 and reveals lower cellular ethylene in leaves tissue
which is further evidenced from shoot morphology. Mao et al. (2006) in transgenic rice plants found
that the over-expression of OsEIL1 exhibited short root, coiled primary root and slightly short shoot
phenotype as well as elevated response to exogenous ethylene and acted as a positive regulator of
ethylene response. Inoculation of wheat plants with auxin-producing bacteria Paenibacillus
illinoisensis IB 1087 and Pseudomonas extremaustralis 1B-K13-1A enhanced root mass and root
auxin concentrations (Kudoyarova et al., 2017). Mei et al. (2006) found that the transgenic rice lines
carrying the OsAQOS2 transgene exhibited enhanced activation of pathogenesis-related (PR) genes



Phytohormonal modulatory effect of Serratia liquefaciens on rice 131

4.0
3.0

2.0

1.0
00 | — H
-1.0
-2.0
-3.0
-4.0

EDS1 AdQ

Relative quantification Rq(AAC;)

-0 Bleaves ERoot

-6.0
Fig. 4: Effect of SL-KM2 on expression of PGPR traits related genes in rice at 20 DAS

such as PR1a, PR3, and PR5 and increased resistance to M. grisea infection. In present study, the
AOS2 gene was down-regulated in root tissue by seed treatment that influenced the PR1 gene
expression and it was also down regulated. In case of leaf tissue, the up-regulation of AOS2 gene was
observed that further improved the PR1 gene expression. The seed treatment of rice with SL-KM2
lead to the up-regulation of PAL gene in leaf and root tissues. Tanaka et al., (2003) also reported
increase in PAL enzymatic activities by inoculation of rice with an incompatible strain of Acidovorax
avenae. The slight increase in GAI1 expression was observed in root and leaves tissue; however, its
phenotypic effect on plant was insignificant. Fu et al. (2001) reported that high-level expression of
GAI caused dwarfism and reduced GA responses. Falk et al. (1999) suggested a possible role of SA
and EDS1 in potentiating the defense response. This gene was up-regulated in leaf and root tissues
by seed treatment. Overall, the PGPR bacteria stimulate plant growth by influencing phytohormonal
status.

The seed treatment with Serratia liquefaciens isolate KM2 in rice improved the seedling vigour
by properly balancing the hormonal homeostasis in plant. The gene expression analysis also
supported the morphological and biochemical data. This study reported the expression regulation of
PGPR traits related genes in response to seed treatments with micro-organism contributing toward
hormonal homeostasis and plant growth.
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