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Erwinia mallotivora has been identified as the causal pathogen of papaya dieback disease in
Malaysia, and has become one of the major threats to the papaya industry. Pathogenesis-related (PR)
proteins are considered as plant defense proteins, where they are capable to prevent or reduce the
effect of pathogen and insect attacks. Accumulation of PR proteins is associated with the
development of systemic acquired resistance (SAR) in plants. The PR gene expressions can be
induced by signaling compounds such as abscisic acid (ABA), ethylene, jasmonic acid (JA), salicylic
acid (SA), mechanical wounding, osmotic stress and microbial infection. In this study, salicylic acid
(SA) was used as a chemical inducer and their effectiveness in inducing SAR in papaya for enhanced
disease resistance to papaya dieback was evaluated. Carica papaya was grown in a glasshouse with
complete randomized block design (CRBD) arrangement. Salicylic acid (SA) treatment with three
concentrations (1 mM, 3 mM, 5 mM) and observation of papaya seedlings physiology were carried
out to evaluate the effect of SA on the plant growth. Erwinia mallotivora was inoculated to the
papaya seedlings after 1 month of SA applications, and evaluation of disease assessment was done
weekly. From statistical analysis (proc ANOVA), no significance difference on the seedlings growth
was observed when different concentrations of SA applied. As for the disease assessment, highly
significantly differences were recorded between the control and the treatments. Among 10 PR genes
analyzed using quantitative real Time PCR, only Osmotin, CPBI 13 and CPBI 17 were down
regulated for all SA-treatments; whereas increased of expression were observed for the rest of the
genes.
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INTRODUCTION

Asia region, leading to elevated global production because of
popular demands from consumers (Evans & Ballen 2012;).

Papaya (Carica papaya) is an important herbaceous plant in
the family Caricaceae. It is cultivated widely for consumption
as a fresh fruit or products like drinks and jams candies. It is
also a very popular fruit tree because of its nutritious and
medicinal qualities. Carica papaya continues to be broadly
cultivated in most parts around the globe including South-East
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This plant is an important crop in Malaysia with an export
value of about RM100-120 million per year (Rabu et al., 2005;
Abu Bakar et al, 2018). In 2004, Malaysia was the second
most important exporter of papaya in the world with a total
volume of 58,149 mt accounting for 21% of the global trade.
After 2005, Malaysian papaya production declined rapidly due
to two reasons which are the outbreak of the bacterial dieback
(Erwinia) disease and fruit fly quarantine restrictions from
China. These situations have affected Malaysian papaya export
industry leading to decrease of production by 60% (Chan and
Baharuddin, 2010). The disease was caused by Erwinia
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mallotivora (Noriha et al., 2011). Erwinia mallotivora (EM)
enters its papaya host through stomata and wound openings.
Subsequently, the whole areas of the papaya plant including
shoot, leaf, frond and bar as well as the fruit are going to be
infected leading to early slimy, greasy, water-drenched patches
in addition to signs and symptoms around the foliage and
petioles. Eventually, this leads to necrosis, blemished or
premature fruit drop and death of the papaya plant (Abu Bakar
et al., 2017).When attacked by pathogen, plants will defend
themselves through activation of defense mechanism which
includes oxidative burst of cells, changes in cell wall
composition and de-novo synthesis of compounds like
phytoalexin and increased expression of pathogenesis-related
(PR) proteins. Production of PR genes/proteins can lead to
increase resistance against pathogen attack (Adrienne and
Barbara 2006; Baskaran et al., 2015). The increased resistance
of the whole plant is known as Systemic Acquired Resistance
(SAR) which is an inducible defense response found in a large
range of plant species including papaya (Qiu et al, 2004). PR
proteins can be triggered by exposing the plant to virulent,
avirulent and nonpathogenic microbes, or artificially with low
molecular weight and sometimes volatile molecules such as
salicylic acid and methyl jasmonate (Delaney et al., 1994; Xu
et al., 1994; Wu and Bradford 2003).

Strategies for combating disease include traditional
technologies such as plant breeding and chemical applications.
Currently, technologies such as generation of transgenic plants
that express components of known defense signaling pathways,
application of salicylic acid (SA) analogs for SAR responses
and the adaptation of newer technologies such as RNA
silencing of pathogen and plant transcripts are also adopted
(Matthew et al., 2002). Many of these strategies show great
promise and exciting opportunities in the development of new
tools for combating plant pests (Matthew et al, 2002).
Salicylic acid is a natural signaling molecule naturally found in
plants and plays an important role in plant defense against
infection by various pathogen (Kawano and Furuichi, 2007;
Chaturvedi and Shah 2007). Its role in plant disease resistance
has been extensively characterized in dicotyledonous plants,
where it is required for basal resistance against pathogens as
well as for the inducible SAR response which confers
resistance against a broad-spectrum of pathogens. The
activation of SAR is associated with heightened level of
expression of the pathogenesis-related proteins, some of which
possess antimicrobial activity. Studies in the model plant
Arabidopsis thaliana have provided important insights into the
mechanism of SA signaling in plant defense (Chaturvedi and
Shah 2007). The induction of SAR using SA has been
investigated in the past in plants such as tobacco against
tobacco mosaic virus (TMV) (White 1979; Antoniw and White
1980; Sticher et al., 1997) and Arabidopsis thaliana (Mauch et
al., 2001). Since then, application of SA and its functional
analogs, for example, 2,6-dichloroisonicotinic acid (INA) and
benzothiadiazole S-methyl ester (BTH) have been found to
induce expression of the PR genes and confer resistance
against viral, bacterial, oomycete and fungal pathogens in a
variety of dicotyledonous (Malamy and Klessig, 1992; Ryals et
al., 1996; Shah and Klessig, 1999) and monocotyledonous
plants (Wasternack et al., 1994; Kogel et al., 1994; Gorlach et
al., 1996; Morris et al., 1998; Pasquer et al., 2005; Makandar
et al., 2006). In case of virus infections, SA is also shown to
promote the inhibition of viral replication, -cell-to-cell
movement and also long-distance movement of the virus
(Singh et al., 2004).

Nevertheless, there is still lack of information and study to
determine the effect of salicylic acid as a potential SAR
inducer in controlling the papaya dieback disease. This study
was conducted to investigate the effect of exogenous salicylic
acid (SA) application in papaya seedling and to study their
effectiveness in combating papaya dieback disease. This can
be achieved through the study of the concentrations of salicylic
acid that were applied to papaya and their effect in the
expression of selected PR genes in papaya.

MATERIALS AND METHODS

Plant growth: Carica papaya (Eksotika 1) seeds were
germinated in the greenhouse in flats containing potting soil.
Four-week-old papaya seedlings were divided into four groups
of 12 plants each to serve as experimental replicates for disease
resistance and induced activity experiments. Each replicate
contained four treatment blocks of four plants each,
randomized in a complete block design. Plants were grown in
the greenhouse MARDI in natural condition (modified from
Zhu et al., 2003).

Salicylic acid treatment, pathogen inoculation and
observation: The papaya seedlings were treated at three
different concentrations of Salicylic Acid treatments, 1 mM, 3
mM and 5 mM through foliar application. To assure complete
solubility, each solution was stirred with a magnet bar for at
least 1 h and also vigorously shaken before application. Sterile
distilled water was used as the non-treated control. The
treatment was repeated 1 month after the first spraying.
Physiological data on parameters such as stem height and gird
size were taken weekly, using Mitutoya Vernier Calliper. For
molecular analysis, leaves were collected on day 3, day 10 and
day 31 after treatment, frozen in liquid nitrogen, and stored at -
80 °C until further analysis (modified from Belhadj et al,
2006). Pathogen inoculation was done one week after the
second treatment. Each seedling (at the first three shoot) was
inoculated with 10 ml of pathogen (Erwinia mallativora) (OD
= 0.4 — 0.7) at the infection house.

Symptom evaluation: After inoculation of pathogen, disease
assessments which included disease incidence and disease
severity were carried out. For disease severity, it was evaluated
using score system consisting of; Stage 0: symtompless, Stage
1: leaf vein blackening, Stage 2: leaf vein blackening and
slightly wilting, Stage 3: leaf stalk wilting, Stage 4: stem
blackening and Stage 5: plant died.

Statistical analysis: Data of stem height and gird size were
analyzed using analysis of variance (ANOVA) followed by
comparison of means using Duncan Multiple Range Test
(DMRT).

Primer Design: Sequences data for PR genes that are
associated with SAR especially in papaya were obtained from
public databases and publicly submitted information. The
gene-specific primers for PCR (Table 1) were designed using
web-based tools primer 3 (http://bioinfo.ut.ee/primer3-0.4.0/)

Tissue collection and total RNA extraction: Leaf tissue
amounting to 30g were grounded to a fine powder using liquid
nitrogen, and divided into approximately 100mg into each 2ml
tubes. Total RNA was extracted using RNeasy Plant Mini Kit
(Qiagen) method, following the manufacture’s instruction. For
gPCR analysis, small scale RNA isolation were performed for
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approximately 100mg grounded leaf tissue followed by
DNAse treatment to remove genomic DNA contamination.
After the DNAse treatment, 2ul of RNA were viewed using
1% agarose gel. RNA concentrations were estimated after
DNAse treatment using NanoDrop 1000v. All RNA was
transcripts were converted into cDNA using Biorad Reverse
Transcription. The total RNA were stored at -80°C, and while
the cDNA were stored in -20°C.

Synthesis of complimentary DNA (¢cDNA) and PCR
analysis: Total RNA was extracted from leaves of four month-
old seedlings at day 3 and day 10 after chemical inducer
treatments. About 2 ug of DNase treated total RNA were used
for first strand cDNA synthesis using iScript™ Reverse
Transcription Supermix for RT-qPCR (Biorad). kit. PCR
products were separated on 2% agarose gels and stained with
ethidium bromide to determine the size of the PCR products.

Primer testing: The performance of the designed primer sets
were evaluated according to their standard curve and melting
curve. Good quality standard curve was chosen based on the
value of primer efficiency which is between 90 —110 and R*
value which must be as near as possible to the value of 1.0.
Good sharp peaks of a melting curve are an indicator of
specific primer amplification.

Characterization of PR genes via Real Time PCR: The
resulting cDNA (5 ul) were diluted with 20 ul of ultrapure H,O
(scale 1:4) and this dilution were used as template for qPCR.
Real Time qPCR were performed using Fast SYBR Green
gPCR with 20 mM each primer. Cycling profile was at 95°C
(2 mins); 40 cycles of 95°C (5 sec); 60°C (30 s); 95°C (15
sec); 60°C (1 min) followed by denaturation 95°C (15s) for
melting curve analysis. The fluorescence thresholds for
determining CT were set at 0.15 for all experiments. Primers
were designed to amplify fragments of 90-150 bp PCR
products using primer design software from Genescript.com.

RESULTS AND DISCUSSION

Physiological parameter analysis: Salicylic acid (SA) has an
essential function in regulating plant developmental processes
that affect nutrient uptake and their status. This includes
vascular differentiation, stem elongation, leaf development and
senescence (Rubio et al., 2009). Mineral nutrients are essential
for growth and development of plants and microorganisms, as
they are important factors in the regulation of wvarious
physiological and biochemical processes in plants. How each
element affects a plant’s physiological and biochemical
processes, (positively or negatively), is unique to each plant. In
recent years, SA has been in focus of intensive research due to
its crucial role in the regulation of physiological and
biochemical processes during the entire life span of the plants
and its roles in regulating their growth and productivity
(Arberg 1981; Rubio ef al.,, 2009). In this study, phenotypic
data were taken to see if there was any effect of exogenous
application of salicylic acid to papaya plants physiology. A
good inducer will not affect the growth of the plant. Based on
Table 2, there is no significance difference observed between
the control and treated plants for the gird size parameter.
Statistical analysis also showed there is no significant
relationship between the control and treated plants for stem
height. These results proved that foliar application of 1 mM, 3
mM and 5 mM of SA did not affect the growth of papaya.

However, these results differ with the study carried out by
Chinnasri (2006) where the foliar spray of SA was shown to
stunt and reduced pineapple growth by P > 0.05. This however
might be due to the high concentration of SA (10 mM) used
during the study. Interestingly, Hussein et al., (2007) reported
an enhanced productivity and improvement in all growth
characteristics including plant height, number and area of
green leaves, stem diameter and dry weight of stem, leaves and
of the wheat plant as a whole in their pot experiment where
foliage of wheat plants were sprayed with SA,.

Disease Severity Assessment: Forty eight papaya seedlings
were observed at a 2-day interval for the recording of the mean
disease severity percentage with a method developed from
Masood et al, (2010). Disease severity (Table 3) showed
highly significant difference between the control and the SA
treatments. However there is no difference of severity between
the SA treatments according to the same letter of mean value.
This can be proved via Figure 1, where on day 6, the
symptoms of papaya dieback disease on SA treatments were
low at 20%, compared to the control seedling where the
severity increased rapidly to 60%. From this result, SA
exogenous application was shown to slow the infection rate of
E. mallotivora. The defence mechanism of plant might be
successfully induced by SA treatment. Figure 2 showed the
morphology of papaya dieback disease according to the disease
severity assessment. Initial disease symptom was brown
discoloration, yellowing and necrosis along leaf edges
followed by water soaked symptom on the bases of leaf stalks,
crown and along leaf mid-ribs (Figure 2: A) (Gardan et al.,
2004). The other typical external symptoms of papaya dieback
disease were bunching of crown leaves, bending of the apical
growing point, and chlorosis of crown leaves (Figure 2: B),
followed by necrosis of young leaf and stem tissue (Figure 2:
C) (Glennie and Chapman, 1976). Later, necrotic and water
soaked areas developed on the papaya stem and spread to the
internal tissues (Figure 2: D). In advanced stages bending of
watersoaked leaf stalk occurred, leading to dieback and death
of trees (Figure 2: E) (Gardan et al., 2004).

Disease Assessment: Disease Incidence: For the disease
incidence analysis (Table 3), there was highly significant
relationship between the control and the three SA
concentrations used. Control plants, which were untreated,
showed faster disease infection rate when compared to SA
treated plants. However, no significant differences were
observed for the three concentrations used. Graph 2 showed
that by day 6, 100% of disease occurred in the control
compared to the treated plants where the disease incidence was
shown to be lower than 20%.

This evaluation showed that all the treated plants eventually
succumb to the disease but there was a different in the time of
the treated plants achieving the stage 5. An earlier study has
reported that the expression of PR genes were greater in
osmotin OsAOS2-overexpressed grain plants, contributing to
higher tolerance to rice Magnaporthe oryzae pathogen (Mei et
al., 2006). This also suggested the roles of PR genes in plant
defence. In this current study, gene expression profiles
obtained from the qPCR analysis revealed that PR genes were
regulated in E. mallotivora-infected papaya seedlings at
different concentrations of SA as compared to control. Among
the 10 PR-genes tested, only one gene showed up-regulation
for all the concentrations of SA used (low-1mM, medium-
3mM and high-5mM).
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Figure 1. Disease severity (%) on papaya seedling according to scale stage 1 -5 (Asad Masood et al, 2010)

Table 1. Primer sequences of housekeeping and pathogenesis-related genes used in Real Time-PCR analysis.

Target Gene Forward primer (5°-3°) Reverse primer (3°-5°) Product size (bp)
Pathogenesis-related genes
Peroxidase (Qiu et al., 2004) TGCTGCAGTTCCAATGGTAT TCCCAACATTCCTGCATTTA 121
Osmotin (Qiu et al., 2004) TCTACTTGCCAAGCTCCAAA GGGCAATTGTTCCTTACTTGA 132
PR_1b Set2 CGTCCTTTTGGTTTCTGGGA TTTTTGTTCGTTACTCACACATGA 151
PR_1d Set3 CTCGGTTCGTTTAGGGTGTG TGGATTATTGGGAAACTTTTATTGA 155
PR1_a (Qiu et al., 2004) CCCGGAGGATCATAGTTACAAG ACTCAGGTTGTGTGGAGAAC 98
PR1 _c (Qiu et al., 2004) AATTGGGTGCGCGAGAGT GGCCTTTCGCCAATGTAATTCC 93
CPBI 3 CCTATTGTTGGGATCGCAGT GTGCCGGGAAAAGGTTTTAT 185
CPBI 4 CCGTAGGAACTGGCCAACTA CGATCCTTATTGAGGGGTCA 198
CPBI 13 CCGAGGAAAGTGTTCCAGAG ACTCCCCAACAGCTGCATAC 162
CPBI 17 CTTGCCAAGCTCCAAAACAT CCTCGGTTCAACTGTCTTCC 182
Housekeeping gene
actin TTCCACTATGTTCCCTGGTATT TCCTATCCAGACGCTGTATTTC 119
40sRP TGGCAAAGCCTACAAAGACTATCA AGGAATGGGAAGGGAGGGAGAT 78
Table 2. Parameter of gird size and stem height of seedling
SA concentration Gird size of stem (mm) Stem height (mm)

Control 11.1495 53.083°

1 mM 11.0453° 54.367"

3 mM 12.0013* 55.867°

5 mM 11.1925° 53.775°

F-test ns ns

Gird size and stem height showed non-significant difference (F-test: ns) between the control and SA treatments.
Means separation within columns and factors by LSD at P<0.05. Mean values in each column with the same letter are

not significantly different at P<0.05 according to LSD.

Table 3. Observation on disease incidence and disease severity after bacterial inoculation

SA Concentration

Disease incidence (%)

Disease severity (%)

Control 0.58333a
1 mM 0.31667b
3 mM 0.35000b
S mM 0.30000b
F-test ok

68.264a
48.715b
48.611b
46.606b

skoksk

Disease incidence and disease severity showed highly significant (F-test:***). Mean values in each column with the same

letter are not significantly different at P<0.05 according to LSD.

Three genes showed up-regulation at low and medium
concentrations, two genes were up-regulated at medium
concentration, one gene showed up-regulation at the highest
concentration and another genes showed down-regulation for
all the concentrations of SA used (Figure 3). Osmotin, PBI 13
and CPBI 17 gene expressions were downregulated for all
concentrations of SA-induced compared to control. In the case
where application of 1mM, 3mM and SmM of SA did not
elevate the PR genes expression after inoculation with E.

mallotivora, there are chances of non occurrence of SAR. Qiu
et al (2004) uncovered the CPBI 17 gene during their EST
(Expressed Sequence Tag) analysis which showed similarity to
tomato osmotin precursor. Both genes were shown to function
in plant defense against pathogen attack (Qiu et al, 2004).
Another gene, CPBI 13 was also discovered during the
analysis and was shown to be similar with chitinase that
function as cell wall fungal hydrolase (Qiu et al., 2004; Abiri
etal., 2017).
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Disease Severity of SA
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Figure 1. Disease severity of SA treatment on papaya seedling

Figure 2. Disease symptom on papaya seeding after E. mallotivora-inoculation A) stage 1, B) stage 2,
C) Stage 3, D) Stage 4 and E) stage 5
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Figure 2. Disease Incidence of SA treatment on papaya seedling
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Peroxidase was only upregulated at medium SA concentration
where the expression was 37.9658 fold compared to the
control. Peroxidase gene that was used in this study was named
as CPBI 4. The CPBI 4 showed up regulation for both low
concentration and medium concentration where their
expressions were 43.7538 fold and 93.9055 fold respectively.
Both Peroxidase and CPBI 4 functioned during oxidative
stress response. Nie (2006) and Vidhyasekaran (2015) stated
that peroxidase activity was successfully induced by SA
treatment and the peroxidase activity has suppressed the
replication and accumulation of Potato virus Y in tobacco.
Peroxidase also has roles in detoxifying ROS and establishing
reducing conditions in the cell during pathogen invasion.

PRI a were found up to be regulated at all concentrations of
SA. At the concentrations of 1mM and 3mM, similar level of
expressions were observed with 2.7336 fold for ImM and
2.7292 fold for 3mM. However the fold expression decreased
when papaya was induced with high concentrations of SA
(5mM) where only 1.626 fold of expression was observed.
These results are agreeable to the statement from Kohler et al
(2002) where SA at low concentrations were shown to promote
faster and stronger activation of gene expression in response to
pathogen or microbial elicitors. The process is known as
‘priming’ and contributes to induce defense mechanisms
activation. In previous study, PAL gene and PR [ gene were
induced by SA at the concentrations of 300uM when applied
on Arabidopsis plant (Kohler et al., 2002). PR1a has similarity
with Arabidopsis PR-genes (Qiu et al., 2004). Study from van
Verk et al., (2008) showed that PRI was successfully induced
by SA. Apart from PR1a, the PRI genes are also divided into
several groups consisting of PRIb to PRId based on their
alignment with other known PR/ genes in other plant species
(van Loon and van Strien, 1999). Nie, (2006) proved that SA
induced PRIb expression. In this study, PR _1b Set2 was
successfully induced by low (ImM) and medium (3mM)
concentrations of SA but was down regulated by SmM of SA.
The PR1b Set2 gene was induced at 408.0386 fold by 1mM of
SA and 339.7556 fold by 3mM of SA. However, for SmM SA,
the gene expression decreased to 11.369 fold. It has been
shown on previous studies PRIb can be induced through
application of other SA analog such as BTH (Zhu ef al., 2003;
Shimono et al., 2007; Jamalnasir et al., 2013). This suggested
that low and medium concentrations of SA were the best
concentration for the development of SAR in papaya and can
successfully be used to induce SAR in papaya seedling for
increased protection against papaya dieback disease.

Conclusion

Application of salicylic acid as a synthetic inducer to the
papaya seedlings showed no effect on the growth of the
seedlings. It was concluded that salicylic acid is safe to be used
as SAR chemical inducer. After the inoculation of pathogen,
high significant difference was observed between the salicylic
acid-treated and untreated plants. Treated papaya seedlings
showed increased tolerance to the papaya dieback pathogen.
However, there is no significance difference when different
concentrations of SA were used. It can be concluded that for
positive SAR inducement, a low concentration of salicylic acid
is enough to enhance the defense system of papaya to combat
papaya dieback disease. This may indicate a degree of
improvement towards the tolerance to the pathogen after SA
application. However, from the qPCR expression results, 3mM
showed the best concentration to use as a SAR inducement,

where 7 out of 10 PR genes showed high regulation compared
to the control plant. They were peroxidase, PRIb Set2,
PRId Set3, PRI a, PRI _C,CPBI 3 and CPBI 4. These genes
were proposed as a convenient and good candidate for SAR
induction marker. Osmotin, CPBI 13 and CBBI 17 showed
down regulation in all treatments. From this study, it was
shown that salicylic acid is effective in inducing SAR in

papaya.
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