Screening of PRSV-P resistance and profiling of defensive secondary metabolites
in Carica papaya and interspecific hybrid of Vasconcellea
ABSTRACT

Aims: To Screen for PRSV-P resistance in Carica papaya and interspecific hybrid
of Vasconcellea (IR) and to determine the secondary metabolites difference
between PRSV-P resistant and susceptible papaya using LCMS-QTOF.
Study design: The experiment was carried out using completely randomized
design (CRD).
Place and Duration of Study: MARDI Headquarters, Persiaran MARDI-UPM,
43400 Serdang, Selangor, Malaysia between January 2017 to June 2019.
Methodology: C. papaya lines L33, L90, L13 and Eksotika were germinated from
seed whilst IR was imported in tissue culture from Griffith University Australia.
Screening for PRSV-P resistance was carried out using completely randomized
design in the glasshouse of Agrobiodiversity and Environment Research Centre,
MARDI. Percentage of disease incidence and disease severity of inoculated papaya
plant were evaluated weekly for eight weeks. The generated data of disease
incidence and disease score were then statistically analysed using SAS 9.4
software. Secondary metabolites analysis of Carica papaya and interspecific hybrid
of Vasconcellea (IR) was carried out using LCMS Q-TOF in phytochemical
laboratory MARDI. The accurate mass compound in the MassHunter Qualitative
analysis was confirmed by hits from existing databases [Metlin - Scripps, PCDL
(MassHunter Personal Compound Database and Library - Agilent Technologies)].
Results: Screening for PRSV-P resistance amongst Malaysian local lines showed a
significant difference (Alpha=0.05) between line L90 [disease incidence (55%);
disease score (1.2)] and the PRSV-P susceptible (Eksotika) over eight weeks
observation. IR that was also significantly difference to Eksotika categorized as
PRSV-P resistance. In order to profile the defense-related secondary metabolites
before and after PRSV-P entry in plant, C. papaya (Eksotika) and IR were used to
represent PRSV-P susceptible and PRSV-P resistant respectively. IR was used to
develop partial resistance to PRSV-P in C. papaya via introgression of resistance
genes in other study. Analysis of secondary metabolites using LCMS-QTOF
detected anthranilic acid (AA) and p-aminobenzoic acid (pABA) in C. papaya
(Eksotika) and IR at day five after inoculation. Interestingly, ϒ-aminobutyric acid
(GABA) was only found in IR at rt, 1.881 min based on their accurate mass using
LCMS Q-TOF prior to PRSV-P inoculation.
Conclusion: Findings of this study recommended the usage of L90 in future
conventional breeding with other local PRSV-P susceptible varieties such as
Eksotika that has better taste and market. ϒ-aminobutyric acid (GABA) that was
only found in IR was presumed to be involved in the plant defense response to
PRSV-P. It potential to be developed as a resistance chemical marker could be
explored in the near future.
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1. INTRODUCTION
Papaya Ringspot Virus type P (PRSV-P) is a devastating disease in papaya industries worldwide. In
Malaysia, the first outbreak of PRSV-P was detected in 1991 in the district of Johor Baharu, Johor. Since
then, many efforts have been made to overcome the disease and one of which focused on the
development of resistant varieties. [1] reported of PRSV-P tolerance for 11 lines that had been screened
at the F5 population of Tainung No 5 x Eksotika. In other research, [2] reported Carciflora as a tolerant
cultivar in the screening of PRSV-P resistance amongst 31 cultivars and lines of Carica papaya. In 2017,
the effort was extended to Vasconcellea genus in Caricaceae family.
Vasconcellea is the largest genus containing 21 species that are often called ‘highland papayas’
or ‘mountain papayas’ [3]. Vasconcellea species vary in leaf shape, leaf size, fruit colour, fruit shape,
flower colour and flower shape making each species uniquely different from C. papaya [4]. Vasconcellea
pubescens has been consistently reported resistant to PRSV-P. Rapid amplification of cDNA endspolymerase chain reaction (RACE-PCR) identified a sequence polymorphisms between PRSV-P
susceptible (Carica papaya) and resistant (Vasconcellea pubescens) species [5]. The genetic traits of V.
pubescens and interspecific hybrid of V. pubescens x V. parviflora (IR) have been explored by many
researchers via breeding programs.
Systemic acquired resistance (SAR) is an induced defence response known to activate plant
defense mechanisms against pathogen invasion by the induction of pathogen Avr gene. SAR leads to cell
wall reinforcement (lignin), an oxidative burst, induction of pathogenesis related (PR) proteins and
phytoalexins [6]. Phytoalexins is an antimicrobial chemicals that confer resistance in plants. There are
numerous natural products function against predator or microbial pathogens. Different kinds of
compounds as well as plant species synthesize vary secondary metabolites (SM) as a plant chemical
defense depending on the pathway and sites of production. SM in plants can be divided into three main
groups according to their biosynthetic origin: terpenes, nitrogen or sulphur-containing compounds
(alkaloids, glucosinolates and cyanohydrins) and phenylpropanoids also known as phenolic compounds
[7]. Plant phenols constitute is one of the most common defensive compounds against pests and
diseases including root parasitic nematodes [8]. SM generally, but not always, occur in relatively low
quantities and their production may be widespread or restricted to particular families, genera, or even
species. Higher concentrations of SM might result in a more resistant plant [9] and thus, resistant plants
respond more rapidly and more vigorously to pathogens than susceptible plants do.
In this study, the status of PRSV-P tolerant lines of Carica papaya that reported by [1] were redetermined using local PRSV-P inoculum collected under nowadays extreme climate and unpleasant

weather. Rather than that, IR that was imported from Australia has been used in this study to explore its
endogenous defensive SM compared to C. papaya variety Eksotika (PRSV-P susceptible) before and
after PRSV-P entry using mass spectrometry. Metabolomics analysis using analytical platform such as
Liquid chromatography-mass spectrometry (LC-MS) could capture as many metabolites as possible in the
samples.

We anticipate defensive SM is available in more resistant plant. Should a defensive SM

determined from the disease resistant plant, understanding of it roles could be enhanced and used as an
assisted-metabolic marker for disease resistance selection in breeding program in the near future.

2. MATERIAL AND METHODS

Screening for PRSV-P resistance in C. papaya and IR
1. Planting of C. papaya
Seeds of each C. papaya lines (L33, L90, L13) including Eksotika (as a control positive) were germinated
on germination tray containing 3:2:1 mixture of top soil: sand: organic manure. Approximately one month
after germination, C. papaya were transferred into a pot and placed in a glasshouse for further use.

2. Multiplication of IR
Multiplication and acclimatization of imported IR in tissue culture was carried out according to [5] and [10].

3. PRSV-P incidence and severity in C. papaya and IR
PRSV-P has a linear stranded positive sense RNA genome. Leaves of PRSV-P infected papaya
(inoculum) were extracted using Nucleospin RNA plant kit (Macherey-Nagel) followed by cDNA synthesis
using PrimeScript

TM

RT-PCR kit (Takara) according to their manufacturer’s protocol. Subsequently, PCR

amplifiication of the PRSV-P coat protein gene was performed using Cp2 forward primer: 5’
CTAACACTCGTGCCACTCAGTC 3’ and Cp2 reverse primer: 5’ TTCCACTGTGTGTCTCTCCGTG 3’.
The derived DNA sequence of this local PRSV-P was registered in National Center for Biotechnology
Information (NCBI). Upon confirmation of the PRSV-P presence and sequencing result, mechanical
inoculation of PRSV-P towards those tested plants was conducted in a glasshouse. The inoculum was
prepared by grinding PRSV-P infected leaves in a mortar and pestle with 0.01 M phosphate buffer, pH 7.0
in a ratio 1:3. For each lines, 3 - 9 seedlings were inoculated depending on the number of seedlings
germinated. Eksotika variety was used as a control positive. The leaves were manually dusted with
carborundum (600 mesh) and mechanically inoculated by hand rubbing at the 6 to 8 leaf stage. Control
negative plants of each line were similarly treated with carborundum and inoculated with virus free 0.01M
phosphate buffer. Excess of PRSV-P inoculum was rinse off with running tap water. Plants were kept at
relative humidity near 85-90% and temperature between 28°C and 32°C in the day and 25°C and 28°C at

night. PRSV-P symptoms were determined and scored through physiological disorders shown in C.
papaya leaves, stem and petiole. Evaluation on the degree of severity used for rating is as follows:

0=no symptoms;
1=very mild mottling/ mosaic symptoms and water-soaking streaks on stem, petiole and under leaf
surface;
2=severe mottling or mosaic and water-soaking streaks on stem, petiole and under leaf surface;
3=leaf distortion and water-soaking streaks on stem, petiole and under leaf surface;
4= shoe stringing and water-soaking streaks on stem, petiole and under leaf surface.

Plants with no symptoms in 20 days after inoculation were re-inoculated. Percentage of disease incidence
and disease severity of inoculated papaya plant was evaluated weekly for eight weeks and rated as
following [2].

Disease incidence (%) =

Disease score =

Number of diseased plants
Total number of plants inoculated

X 100

Ʃ (Number of papaya seedlings x Degree of severity) n
Total number of seedlings

4. Statistical analysis
The data generated were subjected to statistical analysis using one-way ANOVA without interaction (SAS
9.4). The means significance differences between the papaya lines disease incidence and disease score
were then performed using Duncan’s multiple range test (the minimum significance was set at P < 0.05).

Secondary metabolite profiling in C. papaya (Eksotika) and IR
In order to profile the defense-related secondary metabolites before and after PRSV-P entry in plant,
Carica papaya (Eksotika) and IR were used in this study to represent PRSV-P susceptible and PRSV-P
resistant respectively.

1. Extraction of Eksotika and IR leaves from PRSV-P inoculated plants
Inoculation of PRSV-P into Eksotika and IR were conducted similarly as described earlier. Leaves tissues
of Eksotika and IR were collected at day 0 (before inoculation), day 5 and 10 (after inoculation) for SM
profiling. The extraction was carried out using 0.1 gram dried sample. This samples were mixed with ratio
amount of organic solvents (20:79:1) of methanol, isopropanol and acetic acid. Samples were sonicated
and centrifuged with 10,000 rpm for 10 minutes. The supernatant was collected and dried. Subsequently,
the extract was mixed with 85% water and 15% acetonitrile before injected to LCMS-QTOF.

2. Secondary metabolites analysis using LCMS Q-TOF
To investigate the metabolites differences between Eksotika and IR, sample analysis was performed on
an Agilent 1290 Infinity HPLC system (Agilent Technologies) coupled with an Agilent 6540 Accurate-Mass
◦

Q-TOF LC/MS system. Samples were placed in cooled autosamplers (4 C) to maintain sample stability
throughout the analysis. Chromatographic separations were performed with Kinetex reverse phase C18
column (4.6 mm × 100 mm; 2.6 �m, Phenomenex). The pump was connected to a gradient quaternary
solvent system: A, 0.1% formic acid in H2O (v/v) and B, 0.1% formic acid in acetonitrile. The gradient was
performed at 0.5 mL/min with an initial condition of 5% B and linearly increased to 85% B at 25min
followed by a 10 min post-run. The sample injection volume was 5 μL. The instruments detection was
carried out by using Dual Agilent Jet Stream ionization source, with electrospray ionization (ESI) positive
mode employed for acquisition of mass spectra.
The operation parameters of the mass spectrometer were set as follows, nebulizer pressure of 45
◦

psi, drying nitrogen gas flow of 10 L/min at 300 °C, and sheath gas flow of 12 L/min at 350 C. Capillary
voltage was set to 3500 V and nozzle voltage to 1000 V. Acquisition type for Q-TOF was Auto MS/MS
(data-dependent) in High Resolution (4 GHz) mode at a rate of 2 spectra/sec in positive mode. The mass
spectra were acquired in positive mode with mass to charge ratio (m/z) ranging from 50 to 1000. A
differential analysis of the Q-TOF data was performed using Mass Profiler software (Agilent
Technologies). Compounds were identified based on their accurate mass using LCMS-Q-TOF. The
identified compound in the MassHunter Qualitative analysis was confirmed by hits from existing
databases [Metlin - Scripps, PCDL (MassHunter Personal Compound Database and Library - Agilent
Technologies)].

3. RESULTS AND DISCUSSION
Evaluation of PRSV-P resistance in C. papaya and IR

Multiplication of IR in tissue culture

IR tissue culture used in this study was imported from Australia. Single node sections from apically
dominant plants of IR that cultured on multiplication medium of [10] containing 0.5 μM of each of 6Benzylaminopurine (BAP), Naphthalene acetic acid (NAA) and 2% sucrose needs at least three months
to grow in multiplication media (Figure 1A). Figure 1B shows of dissected shoots from nodal sections that
were induced with 10 μM Indole-3-butyric acid (IBA) and 2% sucrose for rooting. Figure 1C shows the
rooted shoots of IR plantlets that grow vigorously for approximately two months in individual containers
contained of potting mix (vermiculate: sand: top soil in a ratio 1:1:1

Figure 1. Micropropagation stages of imported IR in tissue culture. Single node section from apically
dominat plants in multiplication medium (A), Dissected shoots fom nodal section in rooting medium (B),
Plantlets in potting mix (C).

Screening of PRSV-P resistance in C. papaya and IR
PRSV-P-infected papaya leaves used as an inoculum for this study was tested for its purity using PCR to
confirm the presence of PRSV-P DNA. The partial sequence of coat protein gene of PRSV-P DNA was
then registered in NCBI under accession number MG252957. The symptoms of PRSV-P such as mild
mosaic patterns and water soaked lesions on the stems were first observed as early as 10 days after
inoculation (dai) in C. papaya. Figure 2A shows PRSV-P symptoms in the inoculated plants. Moderate
mosaic symptoms developed at 15 dai on the fully developed leaf above the point of inoculation. These
mosaic patterns that were normally seen as dark and yellow green then became severe together with leaf
distortion and shoe stringing symptoms between 25 to 30 dai. The observed symptoms continuously
developed in all the newly emerged leaves above the point of inoculation. On the other hand, all control
plants from each line that were inoculated with phosphate buffer without PRSV-P inoculum were free of
PRSV-P symptoms up to eight weeks after inoculation (Figure 2B). Interestingly there was no PRSV-P
symptom observed in IR up to 90 days after inoculation (Figure 2C).
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Figure 2. PRSV-P resistance screening at 15 dai. PRSV-P symptom in susceptible plant (A); PRSV-P
free symptom in control plant (B). PRSV-P free symptom in IR plant (C).

Results of three C. papaya lines and IR disease incidence percentage in a glasshouse is shown
in Figure 3 meanwhile their disease score and resistance level towards PRSV-P is shown in Table 1.
Lines with rating 1 - 2 normally exhibited symptoms of mottling, mosaic and water soaking whilst lines
with symptom rating 3 - 4 exhibited symptoms of leaf distortion and shoe stringing. In this study, line L13
had 100% disease incidence with disease score 4.0.
Disease resistance is defined as reduction of pathogen growth on or in the plant while tolerant
plants exhibit disease damage and symptoms when subjected to similar levels of a pathogen. According
to [2] those with disease score above 2.5 was categorized as highly susceptible of which reflected to line
L13 and control positive (Eksotika) used in this study. Line L33 although showed 100% disease incidence
was categorized as susceptible to PRSV-P as it had disease score 2.4 of which significantly difference to
the control (Eksotika). Many researchers reported breeding for PRSV-P within the Carica genus has
resulted in tolerant varieties only. The only tolerant PRSV-P line with least disease incidence (55%) and
low disease score (1.2) was exhibited in line L90. The result showed that line L90 is potential to be used
as donor parent in developing PRSV-P tolerant line despite its poor yield and low TSS as reported by [1].
Interestingly the complete resistance against PRSV-P was shown by IR with disease score value of 0.
Based on the statistical analysis, both line L90 and IR were significantly difference to the control
(Eksotika).
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Figure 3. Mean of disease incidence percentage in different C. papaya lines and IR towards PRSV-P.
Mean covered with the same letter are not significantly different at Alpha=0.05.

Table 1: Disease score and resistance level of different C. papaya lines and IR towards PRSV-P. Mean
covered with the same letter are not significantly difference at Alpha=0.05.
Lines

Disease score

Resistance level

L33

2.4a

Susceptible

L13

4.0b

Highly susceptible

L90

1.2c

Tolerant

Eksotika (Pos ctrl)

3.7b

Highly susceptible

IR

0.0d

Resistant

There was none completely PRSV-P resistant determined in the screening of local C. papaya
lines. In practical plant breeding programs, genes for plant disease resistance are frequently identified in
non-commercial wild plant relatives. V. pubescens has been reported to be resistant against all strains of
PRSV-P in all countries for more than half century and thus IR that derived by standard breeding
procedures of selection and hybridization [11] was used to represent PRSV-P resistant species in this
study. C. papaya (Eksotika) that represented PRSV-P susceptible species exhibited PRSV-P symptoms
as early as ten days after inoculation differently to IR that was free of PRSV-P symptoms.

IR showed symptoms of hypersensitive response (HR) on the inoculated and first systemic
leaves. Yellow spots were observed followed by rapid death cells that resulted in necrotic lesions in the
center of the yellow spots (Figure 4A). This was a HR rather than more typical PRSV-P symptoms that
occur as yellow spots on inoculated leaves (Figure 4B). The HR that occurred in IR was presumed as
defense mechanism that inhibits the growth of pathogens within the infected tissue. HR always occurs in
race-specific resistance as a response of rapid and localized cell death in the host to the invading
pathogen species that colonizes primarily through the living plant tissue [12]. Cells in the vicinity of the
infection synthesize a burst of toxic compounds formed by the reduction of molecular oxygen. Active
oxygen species may contribute to host cell death as part of the hypersensitive response or act to kill the
pathogen directly. At 45 dai, a complete HR can be seen in IR. HR were not present in the new emerge
leaves in contrast to C. papaya that displayed PRSV-P symptoms on its newly emerged leaves.
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Figure 4. Hypersensitive response (HR) in IR after inoculation with PRSV-P (A). Yellow spot commonly
seen as PRSV-P symptom after inoculation in C. papaya (B).

Analysis of secondary metabolites related to defense mechanism in C. papaya (Eksotika)
and IR
SAR is a defence response to pathogen attack in plants. The dramatically increased concentration of
Salicylic acid (SA) in plant after pathogen infection has proposed it as one signal leading to SAR [13] and
[14] that can elicit the production of secondary metabolites in plants [15] and [16]. In the final step of SA
synthesis, benzoic acid (BA) is converted to SA by benzoic acid 2-hydroxylase. Biosynthesis of all plants
BA and their products are derived from shikimate pathway. Plant BA encompass BA and all its C6-C1
hydroxy and amino substituents [17].
The leaves tissues of C. papaya (Eksotika) and IR at day 0 (before inoculation), day 5 and 10
(after inoculation) were extracted and undergo chemical profiling using LCMS-QTOF. Most of the
compounds belongs to the multiple classes of primary and secondary metabolites (SM). This study
interest is more to discriminate the compositional differences of SM presence between C. papaya and IR
as it is more related to the plant defense mechanism towards pathogen attack. Chemical profiling in both

plants revealed the presence of SM corresponded to the plant defense identified as anthranilic acid (AA),
p-aminobenzoic acid (pABA) and γ-aminobutryic acid (GABA). Plate 1 showed the presence of those
compounds in C. papaya and IR detected at different time points.

Plate 1: Chromatogram of day 5 after inoculation in C. papaya (A); day 0 (before inoculation) in IR (B)
and day 5 after inoculation in IR (C). Anthranilic acid, AA indicated by [i], p-aminobenzoic acid (pABA) [ii]
and γ-aminobutryic acid (GABA) [iii].

LCMS expansion chromatogram for these compound are shown in Figure 5-7. Chorismic acid
that aminated at C-2 will yield an AA. AA was presence in C. papaya and IR after virus entry in plants of
which represented by the samples collected at day 5 after inoculation (Plate 1A and 1C respectively).
Peaks of AA were shown in the expansion chromatogram at retention time (rt), 1.851 min and 1.848 min
in C. papaya and IR respectively (Figure 5). The presence of pABA was detected in C. papaya and IR at
day 5 after inoculation (Plate 1A and 1C). The peak of pABA was observed at rt, 1.915 min in C. papaya
and rt, 1.909 min in IR (Figure 6). GABA was observed only in IR at day 0 before inoculation (Plate 1B).
The peak of GABA was observed at rt, 1.881 min (Figure 7).

Figure 5. LCMS expansion chromatogram for AA in C. papaya (A) and IR(B).

Figure 6. LCMS expansion chromatogram for pABA in C. papaya (A) and IR (B).

Figure 7. LCMS expansion chromatogram for GABA in IR at day 0 before inoculation.

AA is known to have a similar structure to pABA and is produced from the same precursor. pABA
that is important for the synthesis of folic acid, an irreplaceable vitamin B group component has been
reported to activate the synthesis of interferon, which has an important antiviral effect [18]. AA and pABA
are the plant benzoic acid that is important as the precursor of essential compound in plant. [19] reported
that pABA was capable to induce resistance against Cucumber mosaic virus and Xanthomonas
axonopodis. We presumed AA and pABA have the capacity to induce SAR in Eksotika and IR grown
under green house conditions few days after being infected by PRSV-P. This is supported by the
chemical profiling of C. papaya (Eksotika) and IR that detected AA and pABA only at day five after
inoculation of PRSV-P in both samples but not at day 0 (before inoculation). In other study, [20] reported
the production of phytoalexin may take two or three days after microbial attack as plant needs to
transcribe, translate an appropriate mRNAs and synthesizing enzymes de novo. Nevertheless, AA and
pABA were not sustain up to 10 dai as they were absence in both samples. At this time point, PRSV-P
symptoms were started to emerge in susceptible species (Eksotika).
PRSV-P symptoms were not emerged in IR that was detected having endogenous GABA prior to
PRSV-P inoculation. GABA accumulation and/or production that commonly reported as plant responses
to stress [21] was also demonstrate as an adaptive signal in plant defence resulting of pathogen
restriction. GABA can act as protection agent for plant cell against oxidative damage that caused by
oxidative burst of which elicit as a defence response against invading pathogens. [22] reported that GABA
treatments in transgenic plants expressing SA hydrolase (NahG) partially reversed its hyper susceptibility
to citrus exocortis viroid (CEVd). It had been demonstrated in other plant that exogenous treatment of
GABA could play an important role in the plant defense. Moreover, exogenously applied GABA is
reported capable to enhance the endogenous GABA of which providing the beneficial effects to the plant
development and plant growth [23]. On basis of our result, endogenous GABA is worthy to be stated
possesses a defensive role against PRSV-P where the absence of it would result in enhanced
susceptibility. However additional studies are needed in future to further understand the specific roles of
GABA in the defensive mechanism of broad range of plants.

4. CONCLUSION
Findings of this study recommended the usage of L90 in future conventional breeding with other local
PRSV-P susceptible varieties such as Eksotika that has better taste and market in future. Secondary
metabolites determined in this study were presumed to be involved in the plant defense response. This
knowledge would lead to a better understanding of SM function as a new source of resistance to PRSV-P
in papaya. Furthermore, the information could be used to facilitate the development of chemical markers
in selection of resistant varieties in the plant breeding programs.
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