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Endophytes colonize interior regions of oilseeds depending on water, nutrient, space availability and microbial competition. Oilseeds are
filled with oil globules making it difficult for microbes to obtain direct uptake of water and nutrient for growing into colonies. Recent
research shows very less areas explored in endophytic study in oilseeds and as endophytes play a vital part in managing diseases in plants
by releasing genes encoding jasmonate and salicylic acid which induces defense against pathogens and modify plant regions structurally

adding to their fitness and increased productivity, their study is indispensable. This review focuses on the bacterial endophytes in oilseeds,
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world.

the challenges faced in their isolation, their colonization and interactions with host and pathogens and their applications. Oilseed
endophytic study is essential for understanding the benefits of oilseeds consumed as vegetable oil or used as fuel by people all over the
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INTRODUCTION

Human population is increasing day by day and to cope up with the increasing
population, agricultural practices are increasing too for more production of crops
and plants for human consumption. Every plant is surrounded by millions of
microbes in air, soil and exposed regions of plant parts. But there is another section
of microbes that are away from the environmental stress residing inside the plants.
The microbes residing inside the plants, colonizing the different tissues and regions
of plant interior without causing harm to the plant are known as endophytes. They
may be bacteria, fungi or algae. In this review we will be discussing about bacterial
endophytes. These endophytes live a part of or all of their life cycle inside plant
without causing disease symptoms in their host (Le Cocq et al.,2017;Schulz &
Boyle,2005). Endophytes reside in plant regions such as roots, stem, leaf, flowers
and seeds. Seed is a basic and fundamental part of the plant through which an entire
plant develops using nutrients and water available inside the plant and from outer
areas like soil, air and water available to plant conferred by bacteria present in
those areas. Examples are phosphate solubilising bacteria, nitrogen fixation
bacteria etc. Endophytes presence inside seeds is a boon as bacteria derived
volatile organic compounds (VOCs) helped the plant in its growth promotion and
development, hence improving the plant health (Raza et al.,2016).

Vegetable oils produced from oilseed crops are oils or fats in the form of liquid
and is oily and fatty. They can be used as oil for cooking or as fuel or diesel. As
per market survey, since 2013 till 2011, palm oil followed by soybean oil and
rapeseed oil are the most consumed oil in the world. They are followed by palm
oil and peanut oil. Olive oil is the least consumed oil among global population.
Oilseeds have been one of the crops that though being essential have garnered less
interest among researchers especially on its microbiome. Abundant literature is
available on the internet on endophytes in different crops such as cereals, legumes,
but very less work has been reported in oilseeds. Therefore, a brief study on oilseed
endophytes is requisite and points out to the need for identifying questions that can
lead to more research on this subject. This study focuses on the bacterial
endophytes in oilseeds; their isolation, colonization, effect on phytopathogens and
importance of their study. A brief explanation of the process performed for
isolation and application of the endophytes has been shown in Fig. 1 taking
mustard-rapeseed as an example.
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Figure 1 A schematic diagram showing oilseed endophytes isolation, their
observation under confocal laser scanning microscope (CLSM) and scanning
electron microscopy (SEM) and its applications. An example of S.Sclerotiorum as
an example of fungal phytopathogen causing disease in mustard crops and its
management is shown above.

ISOLATION OF ENDOPHYTES FROM PARTS OF OILSEED PLANTS

Culture based techniques permit selection of strains tailored to soil environment as
well as for the characterization of microbial diversity and knowledge about which
microorganism is able to establish a relationship with the host plant (Ambrosini et
al.,2012). First step to isolate endophytes is surface sterilization of different parts
of oilseed crops considered for study. This step involves washing the parts in sterile
distilled water followed by immersion in 70% ethanol for 1 min and in sodium
hypochlorite solution (4%, v/v) for 2 min for roots of sunflower (Ambrosini et
al.,2012). Some parts like seeds of peanut were surface sterilized in 70 % Ethanol
for 4 mins followed by dipping in 1 % Sodium hypochlorite for 5 min with addition
of 100uL/L of Tween 20 (Sobolev et al.,2013). Seeds of pre germinated seeds of
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Brassica napus (oilseed rape) were surface-sterilized in 70% ethanol for 1 min
followed by thorough wash in sterile distilled water (SDW) and a rinse in sterile
phosphate buffer saline solution (0.14 M NaCl, 0.003 M KCl and 0.01 M phosphate
buffer, pH 7.4) (Granér et al.,2003). Different varieties of mustard seeds were
surface sterilized as per methods described by Sinha and Talukdar (2022) and
bacterial endophytes were isolated culturally using new developed methods using
centrifugation approach and surfactant. Surfactant was used to separate oil from
water in oil-water seed suspension and then used for bacterial colony isolation.
Stems and roots of soybean pants were washed in distilled water and rinsed in 70%
ethanol for 30 seconds followed by sterilization with 0.1% HgCI2 for 3 minutes
for roots and nodules and 5 minutes for stems. The tissues were then washed ten
times with sterile water. Immediately after disinfection the parts of crops are
checked for sterility by immersing them in 0.85% of sterile saline solution or
plating them in agar in triplicates followed by incubation at 28° C for 48-72 hrs
(Hung & Annapurna, 2004). Surface sterilized parts were aseptically macerated
or crushed with homogenizers. Macerated tissues were diluted into 10 dilution by
adding 9 volumes of SDW. Serial dilution was made up to 10 dilution by taking
1 ml of well-shaken suspension and adding to 9 ml water blank tubes (Hung &
Annapurna, 2004). 100 ul from appropriate dilutions were spread plated on media
plates in triplicates followed by incubation at 30° C for 72 hrs. Observed colonies
were streaked onto fresh agar plates for isolation and stored in glycerol at —80 °C
for later identification (Sobolev et al.,2013). Different bacterial species have been
isolated from oilseeds as listed in Table 1. In our previous study, bacteria of rod
shape have been observed inside mustard seed and germinated seed under scanning
electron microscope (SEM) (Fig.2).

In comparison to seeds of cereals and legumes, isolation of bacterial endophytes
from seeds of oilseed crops is challenging as observed in our previous study where
bacterial endophytes were isolated from mustard seeds of four varieties (Sinha and
Talukdar,2022). On plating crushed seed suspension on nutrient media, bacterial
colonies did not appear as the oil present in the suspension did not allow the
bacteria to settle on media and develop colonies. New methods were developed for
successful isolation. One such method is by performing centrifugation. Since oil
is immiscible in nature, if it can be removed from the seed suspension containing
seeds crushed in water by centrifugation process, then the bacteria present in the
suspension can develop colonies in media when the pellet is plated. The
supernatant containing oil can be discarded. This principle has been successfully
used for isolation of bacterial endophytes from mustard seeds. Since removal of oil
from oilseeds is a challenging task therefore the oil separation principle can be
used to isolate bacterial colonies from different sections of oilseed crops. There are
more oilseed crops which are yet to be explored for endophytic study.
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colonization depends on various factors such as type of microbe and strain, type of
plant genotype and tissue, its age (Bamisile et al.,2018;Hardoim et al.,2015).
Microbes generally colonize in regions where food, easy transportation is available
as observed under Scanning electron microscopy in our previous study using
mustard seeds (Fig.2). Bacteria were found to colonize in the vascular bundle’s
region and near the root regions. These regions provide nutrients and easy transport
throughout the plant interior regions. Bacteria were not observed in regions
containing oil globules indicating that colonization and growing in those regions
was not convenient for them as oil does not provide an easy substrate for their
growth and multiplication. When glucosinolates inside oilseeds hydrolyze, they
form bioactive products which are bactericidal (Brown and Morra,1997) and may
prevent colonization of microbes, but if the bacteria are established early in the
young plants, then the effect of glucosinolates is nil. The amount of glucosinolates
inside plants can be monitored using bacterial reporter gene assay (O'Callaghan
et al., 2000). This assay can be used to study the necessary phytochemicals which
influence colonization of bacteria in oilseed crops. Colonization patterns in
different oilseed crops can be studied to understand the bacterial movement pattern
and the core bacterial species present in certain regions inside plant. As movement
through oil is challenging, these regions can be studied to identify the presence or
absence of microbial species in these oily regions.

Different oilseed bacterial endophytes have been studied previously as mentioned
in Table 1.

Table 1 Endophytic bacteria isolated and colonized in oilseeds

Oilseed Phylum obtained from different
References
crops parts of the crops
Enterobacter, Klebsiella, (Ambrosini et al.,
Sunflower Burkholderia 2012)
I (Granér et al., 2003;
Mustard Protectadteria, Firmicutes Sinha &,
Talukdar,2024)
Peanut Firmicutes, Proteobacteria (Sobolev et al., 2013)
Deinococcota, Firmicutes, (Hung & Annapurna,
Soybean Actinomycetota 2004)
Firmicutes, Alphaproteobacteria, (Preyanga et al
Groundnut Betaproteobacteria, yang "
' 2021)
Gammaproteobacteria
Canola Actinobacteria, Firmicutes, (Germida et al., 1998)

Bacteroidetes

Figure 2 Mustard seed bacterial endophytes observed under Scanning electron
microscope (SEM).

COLONIZATION OF ENDOPHYTES IN OILSEED CROPS

Microbes face stress and competition for space and nutrients from surrounding
microbes. To avoid this, they tend to enter plants and colonize the interior regions.
Moreover, root exudates lure these microbes and the continuous flow of water and
nutrients through the plant vascular system forms a good source for microbial
survival by their moving into different regions inside and colonizing in those
regions. Microbes enter the plant through openings in roots where root hair
emerges, stomata, wounds and hydathodes in the shoot regions (Hardoim et
al.,2015). Microbes colonize different regions and tissues inside the plant
systematically (Compant,Clément & Sessitsch,2010). After entry inside the
plant, microbes face oxidative environments and have to survive that. Endophytes
benefit from host plants as they receive protective shed, organic nutrients and
assured transmission to next host generation (Mengistu, 2020). Endophyte

EFFECT OF ENDOPHYTES ON PATHOGENS OF OILSEED CROPS

Endophytes have the ability to inhibit pathogens and resist their growth in the host
plant. When they invade into the host plant, they compete with each other as their
patterns of colonization are similar. This makes the endophytes, potential
biocontrol agents. Endophytes may use mechanism for protecting plants like
producing antibiotics, production of lytic enzymes, siderophore, can solubilize
phosphate, phytohormones, competing with pathogens, producing secondary
metabolites and inducing plant systemic resistance. Oilseeds such as peanut,
rapeseed—-mustard, sunflower and soybean are subject to attack by numerous
pathogens (Table 2). The loss in yield of these crops may be different depending
upon the nature of pathogen and severity of attack (Chattopadhyay et al., 2015).
One of the oilseed crops, mustard contains glucosinolates inside the seeds.
Glucosinolates derivatives such as Isothyacyanates are formed when myrosinase
present in myrosin cells comes in contact with glucosinolates which are
antioxidant, antibacterial and antifungal (Ratzka et al., 2002). Some diseases
formed in oilseeds are rusts, downy mildews, leaf spots and blights.

Among different strains of endophytic bacteria, those from genera Bacillus,
Pseudomonas and Agrobacterium play the most vital role in biological control.
Medicinal plants are carriers of Bacillus and Paenibacillus strains for the
production of novel antimicrobial agents (Ghiasvand et al., 2020). Pseudomonas
fluorescens and Pseudomonas aeruginosa produce compounds such as 2, 4-
diacetylphloroglucinol, penazine-1-carboxylic acid, py-oleutirin, pyrrolnitrin, or
hydrogen cyanide, which suppresses pathogenic fungal growth (Lashin et al.,
2021). Bacillus group contains some important molecules such as circular
lipopeptides from surfactin, iturin and fengycin families which affect by
hydrolyzing the hyphal membrane of target cells of pathogens affecting their
growth and also induces plant systemic resistance (Fira et al., 2018). This
hydrolyzing of hyphal membrane of fungi promotes nutrient leakage reducing the
virulence of fungi (Lashin et al., 2021). The endophytes compete for nutrients,
space and ecological niches with the pathogens affecting the host plant. An
example is of Arabidopsis thaliana, whose bacterial endophyte; Bacillus subtilis
BSn5 produces subtilomycin which affects flg22-induced plant defense. It binds
with flagellin enhancing its ability to colonize plant interior (Deng et al., 2019).
When the fungal pathogen is bacteria-treated, it causes swelling of tip, leakage of
cytoplasm and shrinking of fungal hyphae. Higher vacuoles may be present in
those hyphal cells than those non-treated. Leakage of cytoplasm leads to reduction
of biomass thus reducing infection and its suppression (Chen et al., 2014).
Endophytes induce plant systemic resistance (PSR) by up regulation of genes
inducing jasmonic acid and ethylene pathways (Pangesti et al., 2016). Structural




J Microbiol Biotech Food Sci / Sinha and Talukdar 2024 : 14 (2) e9482

modifications such as lignin and callose deposition in tissues colonized by
endophytes (Constantin et al., 2019) and biochemical responses such as reactive
oxygen species (ROS) synthesis and production of bioactive metabolites (Samain
etal., 2017) and volatile compounds by endophytes are all as part of plant systemic
resistance.

Endophyte-pathogen interaction can be studied using marker approach using
fluorescent tags and later observed under microscope. Their pattern of interaction
can be studied using the same. The regions of interaction can be extracted to
explore the compounds and products involved in their interaction process and these
compounds can be studied for their importance. The biochemistry and mechanisms
involved can be explored for use in other crops and applications in agricultural and
pharmaceutical industry.

Table 2 Oilseed crop diseases and their causal organism

Diseases in Causal organism Symptoms Reported
oilseeds 9 ymp works
Alternaria Alternaria brassicae Leséc;n;n?jn Reshu &
Black spot P Khan, 2012
stems.
Chenetal.,
2014; de
Sclerotinia Sclerotinia Cottony Almeldal
stem rot sclerotiorum growth Lopesetal,
2018;
Massawe et
al., 2018
Lesion on
Alternaria Alternaria brassicae leaves and Yasinet al.,
blight shattering of 2017
pods
. Damage on
Phoma stem Leptosphaeria stem base Fitt et al. 2006
Canker maculans
canker
Plasmodiophora Stunted, Liao et
Club root - yellow and
brassicae ; al.,2022
wilted plants

PLANT-HOST MICROBE INTERACTIONS

The rhizosphere serves as a core for plant-endophyte communication during the
initial stages of the colonization progression and facilitates admission to the inside
of the plant tissues through openings in the plant. Some bacterial endophytes have
the potential to colonize every one of the plant parts and interact beneficially with
the host plant. Endophytic bacteria can promote growth in plant by synthesizing
plant hormones such as indole-3-acetic acid (IAA), cytokinin and gibberellin or by
regulating hormone levels inside plant body (Santoyo et al., 2016; Spaepen &
Vanderleyden, 2011). When plants were inoculated with bacterial endophytes
capable of producing auxin, plants showed growth (Barra et al., 2016; Z. Khan
et al., 2016; Santoyo et al., 2016; Shi et al., 2009;Xin et al., 2009). Bacteria
solubilizing phosphorus can help in plant growth promotion by solubilizing
immobile phosphorus in soil making it available for plants to absorb (Dias et al.,
2009; Joe et al., 2016; Oteino et al., 2015;Passari et al., 2015). Bacterial
endophytes can develop resistance and tolerance in plants from biotic and abiotic
stress by producing siderophores, releasing antimicrobial compounds, modulating
plant resistance response and by competing for space and nutrient (Friesen et al.,
2011; Mercado-Blanco & JJ Lugtenberg, 2014; Santoyo et al., 2016). Protein
secretions define plant-microbe interactions. Effector proteins when transferred
suppress host defense system thus supporting the parasitic lifestyle of bacteria
whereas the host stimulates immune responses triggered by the presence of those
effector proteins (Mengistu, 2020). In a study by Eslamyan et al. (2013),
Pseudomonas florescence was inoculated which led to increase in oil content and
plant growth. Several other microbes have shown to help in uptake of metals from
soil and promote plant biomass increase in oilseed crops (Sheng et al., 2008,
Sheng & Xia, 2006).

The topic of plant microbe interactions is vast but very less explored in oilseeds.
Oilseed crops have somehow been left behind in this area as oil provides a
completely different environment for microbes to associate together and interact
among each other. Some microbes specific to such environment form relationship
with the host by helping each other mutually but some microbes tend to be
removed, mutate or get lost inside such environments. Exploring this section would
be interesting and challenging and would unravel answers to various important
issues such as their core population, less diversity and population and toxic interior
environment.

APPLICATION OF ENDOPHYTES

Phosphorus solubilizing bacteria has applications in agriculture for promoting
plant growth (Hardoim et al., 2015; M. Khan, Zaidi, & Ahmad, 2014). Some
endophytic  strains of  Bacillus, Pseudomonas,  Burkholderia, Serratia
and Enterobacter were able to suppress the growth of pathogenic microbes in both

in vivo and in vitro conditions (Sinha et al., 2023). Alleviation of drought, heat
and salt stress in crops were successful by some strains of Bacillus, Streptomyces,
Pseudomonas, Enterobacter, Azotobacter, Arthrobacterand Isoptericola (Ali et
al., 2014; Naveed et al., 2014; Qin et al., 2014; Rojas-Tapias et al., 2012; Yaish
et al., 2015). Endophytic bacteria aids plants in metal uptake and maintaining of
Na* concentration thus helping the plant tolerate excessive salt concentration in
soil (Dodd & Pérez-Alfocea, 2012). Table 3 lists some applications of endophytes
in plant-microbe interactions.
1. In Agriculture
They help in plant growth promotion directly or indirectly by
performing the different functions. Endophytes possess biocontrol
activity and protect the plant from phytopathogens by inhibiting their
growth and colonization inside plants. Therefore, they can be used as
an alternative to fertilizers and pesticides.
2. Pharamaceutical applications
Endophytes can be used as insecticides, antioxidants and antimicrobial
agents, produce antiviral, anticancer, immunosuppressive and
antidiabetic compounds. They produce compounds which may help
against tuberculosis, malaria and cancer (Kapoor et al., 2019). Many
metabolites acting as anticancer or antimicrobial agents targets plants,
animals, and human pathogens and offer many scopes in veterinary and
medical therapy. Some bacteria are even considered eco-safe (Ek-
Ramos et al., 2019).
3. Industrial applications
Some bacteria produce nanoparticles and act as antimicrobial,
antifungal and antibacterial, anti-multidrug resistant (Baker & Satish,
2015; El-Moslamy, 2018; lIbrahim et al., 2019; Monowar et al.,
2018; Rajabairavi et al., 2017)

Table 3 Applications of endophytes and their role in plant-microbe interactions

Type of Applications Role of endophytes References
Production of
phytohormones
Plant nutrient availability Baker & Satish,
Alleviating abiotic stress 2015; Eid et al.,

Agricultural
Applications

Pharmaceutical

Suppressing plant
diseases
Induction of plant
systematic resistance
Protect the plant from
insects and pests
Help in phytoremediation
Insecticides, antioxidants
and antimicrobial agents,
produce antiviral,
anticancer,
immunosuppressive and

2021; Lugtenberg et
al., 2013; Mercado-
Blanco & JJ
Lugtenberg, 2014;
Sinha et al.,2023

Mercado-Blanco &
JJ Lugtenberg,
2014; Ryanetal.,

Applications antidiabetic compounds e
PP and antibiotics 200;3" g'onzga et
Anti-malarial, anti- "
tuberculosis, anti-cancer
compounds
Eid et al., 2021;

Nanoparticles acing as
antimicrobial, antifungal
and antibacterial, anti-
multidrug resistant

Mercado-Blanco &
JJ Lugtenberg,
2014; Ryanetal.,
2008

Industrial Applications

CONCLUSIONS AND FUTURE PERSPECTIVES

Isolation of bacterial endophytes from oilseeds is challenging especially from
seeds and those regions with oil globules. Isolation from other parts of plants has
been successfully performed as observed in different oilseed crops. The
colonization pattern of endophytes and pathogens inside the different regions of
the plant needs to be understood for developing isolation techniques for bacterial
isolation from difficult regions and advanced biocontrol mechanisms. The
movement of bacteria inside the plant can be tracked to understand their
colonization patterns and selection of a particular region for forming its niche.
Through this study, for the first time, we have provided a detailed study on oilseed
endophytes, its colonization and defense against pathogens. We have understood
that oil can be separated from certain regions and then bacteria can be isolated
using centrifugation techniques. Even though oilseeds contain a different type of
environment endophytic study is possible and necessary to understand their
functioning, importance and role in oilseeds. Using endophytes as biocontrol
agents in its independent form or as microbial inoculum where different beneficial
endophytes are mixed together can be a good alternative to chemical fertilizers and
pesticides. Tagged endophytes can be reintroduced in host plant to study their
pattern of movement and colonization. Furthermore their interaction with other
microbes can be studied and thus used as vectors in areas of infection and genetic
engineering.
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