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Introduction

Abstract

Resistance of Plutella xylostella populations to chemical insecticides has made its
management difficult, and the utilization of resistant cabbage cultivars has been shown to
be a useful alternative. The objective of this study was to demonstrate the induction of
cabbage plant resistance to P. xylostella using PGPR and injuries caused by the pest larvae
as elicitors. Therefore, we evaluated the insects’ responses utilizing a specific bioassay.
Furthermore, this assay was used for selecting a PGPR strain that affects the insect’s biology,
and to examine molecular and biochemical responses of the plants influenced by the plant-
microbe-insect interaction. Among the strains used in this study, Kluyvera ascorbata showed
the most relevant results by influencing biological characteristics of the insect. Thus, the
following tests demonstrated that the cited strain possesses a high influence on plant
metabolism when it undergoes different types of stress such as injuries caused by the pest.
These findings were determined from the different responses obtained by the chemical
analyses of the tested plants and from the differentiation in the genetic sequences obtained
from plants inoculated with or without PGPR that were injured by the pest. The PGPR K.
ascorbata alters the metabolism of cabbage plants, which directs a specific plant defense
against P. xylostella.
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management difficult, and as an alternative, the use of

The diamondback moth, Plutella xylostella (L., 1758)
(Lepidoptera: Plutellidae), is one of the principal pests of
the Brassicaceae family and is primarily found in
cabbage crops (1). The appearance of moth populations
that are resistant to insecticides has made their
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resistant cultivars has assumed an important role (2-5).
Currently, genetically modified cultivars are investigated
for the presence of resistance characteristics. For
example, Bt plants are capable of producing proteins
from the insecticidal bacteria, Bacillus thuringiensis (Bt),
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that creates resistance to attacks from specific
pests. Studies with Bt plants have been conducted
for half a century, and demonstrated that they are
efficient biopesticides and are harmless to humans
and the environment (6). However, the products
based on Bt are not prominent in the insecticide
market, principally due to problems with the loss
of stability, the absence of translocation in the
plants, the limited action spectrum and their rapid
degradation due to ultra-violet light.

Induced resistance (IR) initiated by biotic and
abiotic processes, is different from the use of
plants modified for resistance. Furthermore, IR
has lower metabolic costs, without large
physiological changes in the plant, and can be
highly efficient (7).

Most of the reports on IR are mediated by
microorganisms related to Plant Growth
Promoting Rhizobacteria (PGPR), organisms that
epiphytically or endophytically colonize any part
of the plant, promoting beneficial effects such as
greater plant development, resistance to diseases
and arthropods, as well as the adaptation to
environmental stresses (8-13). In Brazil, the
cabbage crop has received special attention, and
promising results have been obtained in the
control of diamondback moths through the use of
endophytic bacteria, such as Alcaligenes piechaudii
and Kluyvera ascorbata (14).

Plants are constantly damaged by insects and
pathogens, which feed on and colonize their
tissues. Thus, the plants create defense strategies
in response to these various invaders, including
physical and pre-existing chemical barriers, as
well as induced defense responses that are
activated before the perception of the invading
organism (15-17). There are two forms of IR:
systemic acquired resistance (SAR) that is
normally activated by a primary infection of a
physiopathic agent that induces a necrotic process
in the plants (18); and induced systemic resistance
(ISR), which is normally mediated by non-
pathogenic rhizobacteria that colonize the roots of
the plant (19).

Also, important information has been
generated concerning the direct action of
rhizobacteria through the production or alteration
of phytohormone concentrations, nitrogen
fixation, solubilization of phosphate minerals or
other soil nutrients, sulfur oxidation, increased
root permeability, and production of siderophores
(20, 21). The Pseudomonas (22) and Bacillus genera
have been well-studied (23,24), being the last one a
producer of endospores that survive for long
periods in the soil and in storage (24).

Some tests were performed with PGPR isolates.
Current information about the action on plants,
biochemically and molecularly, is still limited.
Basic information has been obtained in
Arabidopsis thaliana (25), without the specific
results necessary for the implementation of PGPR
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use in programs for pest management in different
Crops.

Given the worldwide importance of the
brassica crop and its reduced production in
tropical areas due to P. xylostella, the purpose of
this study was to observe the influence of PGPRs
on cabbage plants damaged by the moth. The
choice of efficient PGPRs in the induction of
systemic resistance is necessary to elucidate
mechanical alterations and metabolic compounds
involved in this process, and to detect genetic
sequences related to the induced resistance
response against P. xylostella.

Materials and Methods
Seed inoculation, planting and transplanting

Seeds of the cabbage cultivar, Brassica oleracea
var. capitata hybrid ‘Midori’, were immersed in
standardized bacterial suspensions [9x10' CFU
(colony-forming unit)/mL + Milli-Q sterile water +
Tween® 80] for 30 minutes, by the adaptation of
the method described by (26). The seeds were
dried at room temperature (25° C) for 12 hours.
The PGPR strains used in the cabbage seed
bacterization were provided by Dr. Rosa de Lima
Ramos Mariano of the Phytobacteriology
Laboratory of the Universidade Federal Rural de
Pernambuco, PE, Brazil (UFRPE) and are described
in Table 1. An untreated treatment (control) was
subjected to the same procedures, but with no
bacterial suspension.

The seeds were then sowed in polystyrene
trays containing a commercial substrate and kept
in a greenhouse. The seedlings were then
transplanted to another greenhouse and were
maintained using the necessary crop practices,
with corrective fertilization at planting and three
fertilizations at 15, 30 and 45 days after planting.

Bioassay with P. xylostella larvae

The bioassay was completed in the Laboratory of
Biology and Insect Creation (LBCI) of the College of
Veterinary and Agricultural Sciences at the
Universidade Estadual Paulista (FCAV-UNESP) in
Jaboticabal, SP, Brazil, at room temperature
(25+1°C), relative humidity (70+10%) and 14-hour
photoperiod.

For the completion of the bhioassay, leaves
removed from plants that underwent forced injury
in the greenhouses were used. The leaves were
removed 60 days after the transplant, when the
plants were of sufficient size to support infestation
and defoliation. To injure the plants, each plant
whose seeds were or were not inoculated (control)
with the PGPR strains described in Table 1, were
infested with 12 larvae in plastic cages (10 cm in
diameter by 4 cm in height). The median, lateral
and infested leaves were removed from the plant,
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Table 1. Strains used, host plants and location of the strains.
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Species Strains Host plant (tissue) Location
Alcaligenes piechaudii ENS5 B. oleracea var. capitata (leaf) Endophytic
Bacillus amyloliquefaciens PEP81 C. sativus (leaf) Epiphytic
B. cereus C210 Brassica oleracea var. acephala (leaf) Epiphytic
B. cereus C240 B. oleracea var. acephala (leaf) Epiphytic
B. megaterium pv. cerealis RAB7 Raphanus sativus (leaf) Epiphytic
B. pumilus Cl1e6 B. oleracea var. acephala (leaf) Epiphytic
B. subtillis R14 B. oleracea var. capitata (leaf) Epiphytic
B. thuringiensis kenyae C25 B. oleracea var. acephala (leaf) Epiphytic
B. thuringiensis kurstakii HPF14 Heliconia sp. (leaf) Epiphytic
Enterobacter cloacae ENF14 Phaseolus vulgaris (seed) Endophytic
E. cloacae PEP91 Cucumis sativus (seed) Epiphytic
Kluyvera ascorbata EN4 B. oleracea var. capitata (leaf) Endophytic

and a total of five discs were removed from these
leaves (8 cm in diameter) for the bioassay.

In the laboratory, the discs were added to Petri
dishes (9 cm in diameter) on lightly wetted filter
paper, with 12 second instar larvae placed over
the leaf discs for feeding, totalizing 60 individuals
per treatment.

The larvae were maintained in dishes until the
formation of pupae to determine larval endurance
and viability. The pupae were separated into
individual ELISA® plates (Thermo Fisher, USA)
until the emergence of the adults, when pupal
endurance, viability, pupal weight and sex ratio
were determined.

The data obtained from the bioassay were
submitted to analysis of variance and were
compared by the Tukey test (27). The Multivariate
Cluster exploratory analysis of the data was
applied (AA) (28), to select the best PGPR strain in
relation to the induction of resistance against P.
xylostella.

Collection and storage of samples for
biochemical and molecular tests

For the biochemical and molecular analysis, leaves
were collected from bacterized and non-bacterized
plants, both of which were injured with P.
xylostella larvae in the greenhouse. This collection
coincided with the formation period of the pupae
because so far, substances that would culminate in
plant defense have already accumulated. The
reference sample of Kluyvera ascorbata bacteria
was used in the tests and selected as a function of
the results obtained with the bioassay.

The samples were wrapped in aluminium foil,
and the leaves that were used in the biochemical
tests were stored at -20° ©. The leaves that were
used in the molecular tests were frozen in liquid
nitrogen and stored at -80° C.
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Biochemical analysis by High Performance
Liquid Chromatography (HPLC)

The biochemical tests were done at the Empresa
Brasileira de Pesquisa Agropecudria (EMBRAPA) in
Londrina, PR, Brazil.

The leaves from the plants frozen at -20° © were
used for biochemical evaluation by employing the
protocol utilized by (29), which was adapted by
(30). Each sample was analyzed by high
performance liquid chromatography (HPLC)
(Shimadzu, Japan) with a CLS-ODS-C18 reverse
phase column (internal diameter of 4.6 x 250 mm
of length).

Molecular analysis

Molecular tests were performed at the Bacterial
Genetics and Applied Biotechnology Laboratory
(LGBBA), at the College of Veterinary and
Agricultural Sciences of the Universidade Estadual
Paulista (FCAV-UNESP) in Jaboticabal, SP, Brazil.

Total RNA was isolated with TRIzol (Invitrogen,
Life Technologies, USA) from the leaf tissue of
cabbage plants that were injured by P. xylostella,
whose seeds had been inoculated with K.
ascorbata; and from plants whose seeds had not
been inoculated. The total extracted RNA was
treated with RNase-Free DNase (Promega, USA)
and the messenger RNA (mRNA) was isolated from
the total RNA with the Kit PolyATtract® mRNA
Isolation System III (Promega, USA). All the
procedures were completed conforming to the
instructions of the manufacturer. After the
extraction of genetic material, the integrity of the
total RNA and the mRNA was visualized on a 1.0%
agarose gel (Merck Millipore, USA), containing
ethidium bromide and submitted to
electrophoresis for 2 hours at 100 V in 1X TAE
buffer. The gels were visualized using a UV trans-
illuminator and photographed with a Gel Doc 2000
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device (BioRad, USA). The genetic material was
quantified in a spectrophotometer (BECKMAN®,
model DU-640B), measuring the absorbance
compared to a sample of DEPC water
(Diethylpyrocarbonate - Invitrogen) at
wavelengths of 260 and 280 nm. The quantity of
the RNA in the sample was estimated using the
standard of one optical density unit, equal to
approximately 40 pg of RNA per mL of solution.
The relationship between the readings of 2/,
provides an estimate of the purity of the nucleic
acid (31).

The cDNA library was constructed with 4 ug of
mRNA isolated from cabbage leaves in the two
treatments (injured and not injured) and the
“SuperScript™ Plasmid System for cDNA Synthesis
and Plasmid Cloning” kit (Invitrogen, USA) was
used. After synthesis of cDNA strands and the
ligation of the cDNA fragments into the
PCMV.SPORTS6 cloning vector (provided in the Kkit),
transformation of DH10B competent cells from
Escherichia coli was performed by heat shock,
according to the provided protocol (32).

The transformed clones were collected with
sterile tooth picks and cultivated in 96-well
microplates with 80 uL of CG medium (CircleGrow
B10101, MP Biomedicals, USA) and antibiotic
selection (ampicillin - 50 mg/mL) for 22 hours at
37° Cin an incubator. After this period, 40% sterile
glycerol was added to each clone (80 yL) and these
were stored at -80° C.

Extraction of the plasmid DNA was completed
in 96-well plates from 20 pL inoculations of each
clone in 1.0 mL of CG medium with ampicillin in
each well. The plates were incubated at 37° C for
22 hours, with agitation at 200 rpm. After this
period, the plates were centrifuged at 3220 x g for
5 minutes and the supernatant was discarded. The
cells obtained were homogenized in 240 pL of
solution I (50 mM Glucose + 25mM tris-HCl, pH 8.0
+ 10 mM EDTA), the DNA samples were collected
by centrifugation and the supernatant discarded.
The precipitates were resuspended in lysis
solution (4M NaOH + 10% SDS) with RNAse (10
mg/mL), in a volume of 60 pL. The plates were
agitated by inversion and incubated for 10
minutes. Neutralization solution (60 pL) was
added (3M CH;COOK- pH 5.8), followed by rapid
centrifugation and incubation for 30 minutes at
90° C. After this period, the plates were cooled on
ice for 10 minutes. The supernatants were
collected and transferred to new plates where 100
uL of absolute isopropanol was added, centrifuged
for 45 minutes at 3220 x g and the supernatant was
discarded. To the remaining pellet, 200 uL of ice
cold 70% ethanol was added, followed by
centrifugation for 5 minutes at 3220 x g. The plates
were placed in a laminar flow hood for 20 minutes
to dry, and the plasmid DNA samples were
resuspended in Milli-Q sterile water (30 pl).

The verification of the integrity of the
extracted plasmid DNA was visualized in a 0.8%
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agarose gel, containing ethidium bromide by
electrophoresis for 2 hours at 100 V in 1X TEB
buffer. The results were visualized under a UV
light with photo documenter equipment and were
analyzed using Quantity-one software. The
plasmid DNA samples were quantified in a
spectrophotometer (BECKMAN®, model DU-640B)
and the concentrations were adjusted to 40 ng/uL.

The cDNA fragments that were inserted into
the vector (pCMV.SPORT 6) and cloned in E. coli
were amplified by PCR using the wuniversal
oligonucleotide primers, T7 5
TAATACGACTCACTATAGGG 3) and Sp6 (3
ATTTAGGTGACACTATAG 5°), which recognize the
region of the vector where the fragments were
ligated. Both amplification reactions were
conducted in a volume of 20 pL in 96-well PCR
plates and contained the following: 160 ng of
plasmid DNA; 250 uM of a dNTP solution (10 mM);
MgCl* (1.5 Mm); 7 pmol of each primer; 1.0 U of the
Taq DNA polymerase enzyme (Invitrogen®, USA);
PCR buffer solution (1X) and Milli-Q sterile water.

The amplification reactions were carried out in
a thermocycler (model PTC-100, M]J Research Inc.,
USA), equipped with a “Hot Bonnet” circuit,
utilizing an initial denaturation cycle of 5 minutes
at 94° C and 35 cycles consisting of one
denaturation cycle at 94° C for 30 seconds;
annealing at 49° C for 1 minute and extension at
72° C for 1 minute, and at the end of the these
cycles, an extra extension cycle at 72° C for 1
minute.

After the amplifications, the samples (5 pL)
were transferred to another plate with 3 pl of
loading buffer (0.5% bromophenol blue in 50%
glycerol). Each sample (8 uL) was loaded on a 1.5%
agarose gel, containing ethidium bromide and
underwent horizontal electrophoresis in a
“sunrise” cube (96 channels), for 2 hours at 100 V,
in 1X TEB buffer. A DNA sample was used in all the
completed electrophoresis assays, with fragments
of known sizes, multiples of one kilobase “1kb
DNA ladder® (Fermentas), which served as an
electrophoretic migration reference for
verification of the fragment sizes obtained from
the amplification reactions. The agarose gels were
visualized under a UV light and photo documented
with photo documenter equipment (Gel-Doc 2000 -
Bio-Rad®, USA), using Quantity-one software. The
samples were quantified with a spectrophotometer
(model DU-640B, Beckman®, USA), the
concentrations were adjusted (100 ng/uL) and the
samples were stored at -20° C.

The unidirectional sequencing of each selected
clone was completed using the Sequencing-Big Dye
Terminator Cycle Sequencing-Ready ABI Prism Kit
(Version 3) (Applied Biosystems, USA), SP6
promoter primers (3.2 pmols), plasmid DNA (100
ng), 2.5X buffer (2.0 pyL), Big Dye and Milli-Q g.s.p
water (10 yL). The reactions were completed in a
thermocycler (model PTC-100, M] Research Inc.,
USA), with a program consisting of 34 cycles
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Fig. 1. Dendrogram showing the structure of groups formed by treatment with different PGPR (Plant Growth
Promoting Rhizobacteria) strains and the control (TEST), in comparison to the action of treatment on second instar
P. xylostella larvae that were maintained in the laboratory on cabbage plant leaves that were inoculated and

threatened in the greenhouse.

including denaturation of the DNA strand at 96°C
for 10 seconds, annealing of the DNA strands at
52°C for 5 seconds and extension at 60°C for 4
minutes.

After the sequencing reaction, the DNA
samples were precipitated with 125 mM EDTA (2
uL), 3M sodium acetate (2 uL) and absolute ethanol
(50 pL), followed by rapid agitation with a vortexer
and the material was incubated for 15 minutes at
room temperature. The samples were centrifuged
at 4°C for 25 minutes at 3,220 x g. The supernatant
was carefully discarded and 70% ethanol (70 pL)
was added. Next, the mixture was centrifuged
under the same conditions for 5 minutes. The
supernatant was carefully discarded and the
samples were placed in a dark laminar flow hood
for 30 minutes to dry.

HiDi Formamide (Applied Biosystems, USA) (10
uL) was added to each sample and they were
denatured in a thermocycler at 95°C for 5 minutes.
Next, the samples were immediately cooled on ice
before sequencing in a 3100 Genetic Analyzer
(Applied Biosystems, USA).

The sequences were visualized with MEGA
version 4 software (33) and electropherograms
were generated. These sequences were compared
using BLAST “Basic Local Alignment Search Tools”
(34), which is available at the National Center for
Biotechnology Information (NCBD
https://blast.ncbi.nlm.nih.gov/Blast.cgi. The
sequences were described based on the A. thaliana
genome, which is available at
http://www.arabidopsis.org/, which is a resource
for information on Arabidopsis (“The Arabidopsis
Information Resource” or TAIR).
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Results and Discussion
Bioassay with P. xylostella larvae

The biological parameters evaluated were
subjected to analysis of variance, which showed
significant differences. The table containing the
full analysis is not presented because the conjunct
effects over the insect’s biology were considered
more important. Conjunct effects are explained
using a multivariate analysis (see Fig. 1) that
generated a grouping among the treatments. This
helped selecting the most efficient strain for
managing P. xylostella.

The insects that fed on leaves from plants
treated with the EN4 strain of K. ascorbata
generally presented low larval and pupal viability,
pupal endurance, pupal weight and sex ratio, in
comparison to the other treatments and the
control. Duration of the larval period was elevated
in comparison to the other treatments, as well as
the total mortality. Larvae maintained on leaves
treated with the EN4 strain had a much longer
larval phase; however, they fed much less or not at
all, resulting in less damage to the plants.

Although the analysis of variance and the
Tukey comparisons did not reveal large
differences among the treatments, the various
observed effects on the different measured
biological characteristics jointly, culminate in a
considerable population reduction through the
passage of generations.

The dendogram (Fig. 1) generated from the
grouping analysis using the Statistica software,
directed the choice of the EN4 strain of K.
ascorbata because this treatment distanced itself
from the control, and formed a very distinct group

Horizon e-Publishing Group



126

mAU
4Ch3-237nm,4nm (1.00) 5]
4 o
S
125—
100—
75—
50—
25— ‘
o ) J L
_257‘ T T T T | T T T T | T T T T | T T T
0.0 5.0 10.0 15.0

LR B
20.0

Plant Science Today (2017) 4(3): 121-132

L I B B B
25.0 30.0 35.0 40.0 min

Fig. 2. Chromatogram of a pure sinigrin sample (4.8 mg in 5 mL MeOH - 80%) - IPC-A method (A=88% in MeOH;

B=66% in MeOH) - 1.0 mL/min

structure, where EN4 grouped similarly with the
HPF14 isolate.

The interactions between plants-
microorganisms and plants-insects are of
worldwide importance for agriculture and of
increased interest for microbiologists,
entomologists and other agriculture professionals.
The studies related to plant defense and the
interactions with microorganisms and insects
were treated until recently as distinct questions;
however, in recent years, it has become clear that
underlying physiological precursors substantially
overlap (35).

The utilization of PGPRs to assist in the pest
management was only occasionally observed in
the past decade (36), despite reports of the
influence of these bacteria as inducing agents of
plant resistance against pathogens, which dates to
1911, according to the review by (11).

Although there is little information on the
potential of these bacteria, the results obtained in
the assay, evaluating the different biological
characteristics of the pest fed on the treatments,
and indicating the performance of PGPRs in the
induction of plant resistance against insects, agree
with the points described by (36). In that work,
trying to manage bacterial wilt in cucurbits, was
observed that inducing resistance elicited by the
PGPR isolates, INR-7 of Bacillus pumillus and 90-
166 of Serratia marcescens, also affected the
colonization of the plants by the beetle vectors of
the disease, Acalymma vittatum and Diabrotica
undecimpunctata. This colonization causes greater
reductions in populations when compared to
treatments using the chemical insecticide
esfenvalerate, and is mostly attributed to a
reduction in cucurbitacin production, verified by
HPLC analysis (36). Curcubitacin is a triterpenoid
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of the secondary metabolism in the plant, which is
closely related to the food preference of the cited
insects. The findings that follow are the most
relevant with respect to the action of PGPRs to
induce plant resistance against insects.

Also, a decrease of 18% in female mite
Tetranychus cinnabarinus fecundity, in the
cucumber cv. ‘Corona’, was observed when the
seeds were treated with Pseudomonas sp., isolate
P-112 (9). An increase in the constitutive condition
of resistance in the Aramis cultivar still occurs due
to the mutualistic association established between
the bacteria and the cultivar (9).

Biochemical analysis

Chromatographs were obtained from the samples
subjected to HPLC that demonstrate the diversity
of the substances produced by the cabbage plants
that were grown in the presence or absence of the
PGPR K. ascorbata. Among the substances involved
in the secondary metabolism of Brassica, sinigrin
belongs to the glucosinolate group and is the most
cited in the literature; therefore, it is the most
understood substance in the biochemical complex
of this plant family. Due to the availability of
information and the ease of obtaining the
substance, which is commercially available as a
pure compound, it was used as a comparative
standard to analyze the treatment extract as
shown in the chromatograph presented in Fig. 2.
Sinigrin is known to be involved in the process
that stimulates P. xylostella feeding (37), by
directly acting on the behavior of this pest through
antixenosis.

The increment in the quantity produced, the
reduction in production or the supplantation of
determined substances were shown in Fig. 3.
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Fig. 3. Chromatogram showing the peaks of the eluted substances: A) extracts of leaves detached from cabbage
plants threatened by Plutella xylostella in the greenhouse, grown from non-inoculated seeds; B) extracts of leaves
detached from cabbage plants threatened by P. xylostella in the greenhouse, grown from seeds inoculated with

strain EN4 of Kluyvera ascorbata.

However, new studies are required to identify and
quantify these substances.

The measurement of peak intensities for each
sample as shown in the graph obtained by the
chromatographic method does not identify the
compounds; however, it can indicate a pathway to
study in future analysis.

In the chromatograms obtained (Fig. 3),
treatments can be compared that induced
resistance to inoculation with the PGPR K.
ascorbata in association with leaf injury, caused by
P. xylostella larval feeding, or just by injury,
present a sample of the involved complexity.

The eluted peaks differed among plants grown
from seeds that were either inoculated or not
inoculated with K. ascorbata, which were
threatened by the diamondback moth.

In the chromatogram obtained from samples
extracted from plants grown from non-inoculated
seeds (control), the peak retention times are RT=
6.111, RT= 6.378, RT= 7.522, RT= 19.386, RT=
20.479, RT= 22.000, RT= 23.150 (Fig. 3A). The
chromatogram resulting from seeds incoluated
with the K. ascorbate, which refers to the best
biological result obtained in the bioassay with P.
xylostella, has differences in intensity among the
peaks. For example, RT=5.999, RT= 14.849 and RT=
16.147 are highlighted and the intensity of the first
peak in the inoculated sample (Fig. 3B) is 2.5 times
greater than the non-inoculated sample (Fig. 3A).
This fact may suggest a synergistic effect between
the stimuli caused by the bacteria and by larval
injury.

The biochemical tests were conducted with the
intention of obtaining information about the
metabolic alterations that occurred in plants when
they are exposed to induction factors such as the
inoculation of bacteria or injuries caused by
insects. Sinigrin was used in this study as the basis
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of comparison between the visualized metabolic
alterations. This could be related to the results
obtained earlier by (29), where it was observed
that the absence of sinigrin in plants did not alter
the resistance response to the diamondback moth,
suggesting that these results are consistent with
those of (38). He reported that in Brassica,
cultivars with low content of the glucosinolates
sinigrin and sinalbin, showed no alteration in the
susceptibility to Phyllotreta cruciferae and P.
xylostella (specific to crucifers), despite noting a
five-fold increase in susceptibility of these
cultivars to Mamestra configurata (polyphagous
insect).

The increase in quantity, reduction or
supplanting in the production of determined
substances require complementary studies for
their identification and quantification. However,
metabolic increase was observed only in the plants
that were injured by larvae, and a decrease of
compounds occurred when the injured plants
were inoculated with the PGPR, and these data are
similar to the results obtained with the sequencing
of the ESTs (expressed sequence tag).

Molecular analysis

After isolating the genetic material from the
cabbage leaf tissue, analysing its integrity and
quantifying its concentrations, a cDNA library was
constructed of plants attacked by P. xylostella
larvae, and in only one situation, the cabbage
seeds were previously inoculated with K.
ascorbata. In the library of injured plants, a total
of 1,709 clones were obtained. In the plant library,
whose seeds had been inoculated with K.
ascorbata, the number of clones was extremely
lower than those obtained from plants that had
not been inoculated with a PGPR, leading to the
construction of the library in triplicate. Even
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Fig. 4. (A) Percentage of expressed sequence tags (EST) related to cabbage plant metabolism induced by injury from
Plutella xylostella. (B) Percentage of ESTs related to cabbage plant metabolism induced by injury from P. xylostella

and inoculation of strain EN4 of Kluyvera ascorbata.

repeating the construction of this library, only 395
clones were obtained from plants inoculated with
the PGPR. The repetition procedure for the library
construction was adopted to overcome the
possibility of inefficiency in the methodology used.
The presence of the K. ascorbata bacterium in
cabbage plants attacked by P. xylostella could alter
the metabolism of the plants, which could be
attempting to defend themselves against injury.

When the T7 and SP6 oligonucleotide primers
were used, it was possible to observe which clones
carried the inserted fragment in the vector and,
therefore, select them for sequencing analysis. The
clones that had strands less than 250 bp (base
pairs) were excluded because this size indicates
that the vector was inserted into the cell without a
cDNA fragment. However, from data generated
from the gel electrophoresis, 1,108 clones were
selected in the cDNA library of cabbage plants
inoculated with K. ascorbata and attacked by P.
xylostella.

By using the BLAST tool, a comparative
analysis with genetic sequences was completed
and deposited in the National Center for
Biotechnology Information (NCBI) website.

The sequences generated and compared with
the data available on the site were selected using
pre-established criteria, and sequences of greater
confidence were selected. The sequences are
shown in the supplementary file. Therefore, 376
sequences were selected that are clones from non-
inoculated plants and 29 sequences were selected
that are clones of inoculated plants in which both
were injured. These clones had estimated
similarity values (e-value > 10) between the
deposited sequences, and are also compatible with
the sequences from the genome of the plant model,
A. thaliana. Information on Brassicas is rare,
especially for cabbage, which increases the
validity and the importance of the information
described here, given the pioneering vision of the
present study.

% Horizon e-Publishing Group

With the information concerning the A.
thaliana genome, the basic functions of each
sequence were described. The 376 sequences
obtained from the cabbage plants threatened by P.
xylostella larvae are classified as follows: 42 genes
related to plant defense, 23 genes involved in
protein degradation or modification, 14 signal
transduction genes, 40 stress genes, 59 related to
photosynthesis, 49 genes involved in metabolism,
69 with translation and transcription, 35 plant
growth and development genes, 28 genes involved
in endogenous transport and 17 classified as
“other” due to the scarcity of information.

The 29 sequences from cabbage plants that
were injured by larvae and were grown from
seeds inoculated with the PGPR K. ascorbata were
classified as follows: 4 sequences refer to genes
directly related to plant defense, 7 genes related to
stress, 2 genes involved in photosynthesis, 5 genes
with metabolism, 4 genes related to the translation
and transcription of proteins, 2 genes controlling
plant growth and development and 5 related to
endogenous transport.

A pie graph of metabolic performance of the
plants injured by P. xylostella with or without
stimuli of induction of resistance by the PGPR K.
ascorbata was constructed from the sequencing
results (Fig. 4).

In the molecular analysis, the cabbage plants
that were only threatened by P. xylostella larvae,
presented about 13 times more ESTs in
comparison to the plants that were inoculated
with the bacterium K. ascorbate, which acted as a
resistance inducing agent. Among the validated
transcripts, most of the transcripts are related to
some plant defense pathways, and they were
classified according to the basal function
described. However, to determine their exact roles
in a specific plant defense pathway, quantification
of the protein expression levels will be necessary
in future investigations. An enormous discrepancy
exists between the number of transcripts in the
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two situations in the study, which was also
visualized in the chromatograms (Figs. 2 and 3).
This means that when a plant is defending itself
against insect infestations, the plant utilizes many
mechanisms to survive the injuries caused by the
feeding of the pests (39).

The great difference among the quantities of
ESTs obtained in the two situations was also
observed in the HPLC tests of differences between
the metabolites (Fig. 3). This finding can be
attributed to the inoculation of the seeds because
various previous studies report the molecular and
biochemical differentiation among inoculated and
non-inoculated plants (40,41). Thus, the increased
production of certain compounds over others may
be related to a possible increase in the expression
of genes related to plant defense, giving the plant
the ability to defend itself more precisely. This
assumption could be supported by the results of
the bioassay carried out in the present study,
where the worst biological results were observed
for the insects that fed on plants inoculated with
the PGPR K. ascorbata.

According to (42), the maintenance of plant
defense promotes energy expenditures, and to
reduce the energy necessary, plants might use
induced defenses to economize energy during the
herbivorous attack. In the absence of an induction
mechanism, the plant defends itself from
herbivores by constitutive mechanisms where
most of the energy expenditure is dispensed in
defense. However, in the presence of the PGPR,
this energy 1is allocated to plant growth,
development and reproduction (Fig. 4A).
According to (7), this induced resistance against
disease and herbivores, triggered by both biotic
and abiotic processes, has much lower metabolic
costs because the plant does not undergo large
physiological modifications, being highly efficient.

Several metabolic pathways may be accessed
by the plants because their defense against insect
infestation or infection by pathogens involves
basically the same pathways, as a complex
network of signals mediated by three main
signaling molecules: salicylic acid (SA), ethylene
(ET) and jasmonic acid (JA) (43,44). The resistance
pathway mediated by SA involves the activation of
defense responses at the infection site and
systemic responses (SAR) (45). The process occurs
by an ion flux through the plasma membrane,
followed by the accumulation of superoxide
radicals (0;) and hydrogen peroxide (H;O), which
are reactive oxygen species (ROS) that interact
with nitric oxide and may cause cell death at the
infection site (HR — hypersensitivity reaction) (46).
In the results obtained by EST sequencing, various
genes described in the literature as players in
certain metabolic pathways of plant defense were
found, as in the case of EST related with ROS
(AT1G07890) (47).

The SAR type resistance results in the actuation
of elicitors that are involved in the accumulation
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of PRPs (Proteins Related to Pathogenesis). Their
induction is salicylic-dependent and can result in
visual alterations such as necrosis of plants that
suffered induction, and generally, it is elicited by
pathogens, natural substances or synthetic
substances (48). Sequences present in this study
were also described as PRPs, as is the case of the
transcripts AT1G33970, AT5G39730, AT2G38540,
AT5G59320, AT5G59310 and AT5G55450, that were
encountered in sequences of plants that were not
inoculated with K. ascorbata.

Some ESTs that may belong to the resistance
pathway mediated by SA may have been active in
the treatment when the plants were attacked by P.
xylostella larvae. The appearance of genes related
to the difference in the flow of O, and Ca* ions was
observed (Supplementary file). For example,
calcineurin (AT4G17615), which participates in the
calcium signaling pathway and sequences
corresponding to avr proteins (AT4G17615,
AT5G39730, AT5G13320), hydrogen ion transport
(AT4G00895) and calmodulins (AT2G26190,
AT4G25800) increased when the plants were
injured.

Some cases exist in which gene expression is
directly related to the accumulation of SA or it is a
response to bacteria, fungi and viruses’ infection.
However, in the present study, the abiotic factors
were controlled so that the plants were
maintained in conditions similar to commercial
plants (in roofed shelters). Therefore, it can be
inferred that most of the genes activated and
related to different types of stress, principally
those stimulated by abscisic acid, oxidative
reductions, SA and JA are related to plant defense
against injuries caused by pests.

The suppression or enhancement of biological
characteristics of the insects tested in this study’s
bioassay are likely to have closer relationships
with the expression of genes related to the
induction of responses to injury, or the formation
of glucosinolates and brassinosteroids.
Glucosinolates and brassinosteroids are regularly
reported as sources of resistance to insect pests of
brassicas (49).

The plant defense response against insects is
principally regulated by the action of the JA
molecule, which is also related to defense against
environmental stresses, mechanical injury and
phytopathogenic infections (50,51), and some of
these responses may also involve the synergistic
participation of ET (52). JA is synthesized from
linolenic acid, which is liberated from plasma
membrane lipids by the octadecanoid pathway
(53). Nevertheless, it is possibly recognized and
transduced by currently unidentified receptors.
Various ESTs had high homology with genes that
participated in the formation pathway of JA or ET,
suggesting that some of the genes described in this
work are not involved in plant defense against
insects. However, they may be involved but are
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not yet recognized as playing a role in the defense
against insects.

The appearance of the same gene can be
observed in both situations, as is the case with
Cytochrome p450 (Supplementary file). This gene
is part of a large family of monooxygenases
involved in the synthesis of various secondary
metabolites including hormones, sterols, fatty
acids and plant allelochemicals (54). The enzymes
of the Cytochrome p450 family are capable of
hydrolysing fatty acids, and these enzymes are
involved in the plant response to abiotic stress as
well as stress by insects and pathogens (55).
Nevertheless, the quantification of expression
levels of this gene would be necessary, as with
others that repeat in both situations, to establish
the gene’s influence on the different situations
evaluated in this study.

The roles of the genes cited in the present study
suggest potential pathways involved in defense
and more detailed studies of these pathways are
necessary to gain information on their roles in
defense.

Given the results obtained with the molecular
and biochemical studies, little information is
found in the literature, regarding the chemical
constitution and alterations that occur due to the
variation of stimuli such as infection by
microorganisms and/or damage caused by insects.

There are various possibilities and pathways
indicated in these tests that suggest that continued
verifications of substances and their intensities
and the search for their function are necessary.
Specifically, the substances that undergo the most
alterations need to be studied to uncover the
characteristics of induced defense by PGPR in
Brassica plants. Such defense systems suggest that
traditional improvement techniques such as
crossbreeding or more modern techniques such as
the insertion of genes that code for such
characteristics could be utilized.

Nonetheless, numerous clarifications are still
necessary regarding the genetic sequences, which
have not yet been paired. Furthermore, the
metabolic pathways and protein formation
involved in the defense against insects have not
yet been studied.
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