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1. INTRODUCTION

Papaya (Carica papaya L.), is a dicotyledonous crop belonging to the family
Caricaceae. It is a fast growing perennial herb with an economic life not more than
three years. It is a powerhouse of nutrients and a good source of calcium, vitamins and
proteolytic enzymes and can be considered as a multifaceted plant with anti- cancerous,
anti- inflammatory, anti-diabetic and anti-oxidant effects (Yogiraj et al., 2014).
Realising such nutritional and medicinal values of papaya, its cultivation has
significantly increased across the globe. India is the largest producer of papaya with a
share of 44 per cent in global production (FAOSTAT, 2014). However, the major
challenge faced in profitable cultivation is the incidence of many fungal and viral
diseases. Of these, papaya ringspot disease caused by Papaya ringspot virus (PRSV)
have devastating effects on the economic yield of the crop. In the last decade, the
occurrence of papaya ringspot disease has become a major constraint in papaya

cultivation and has resulted in economic loss upto 100 per cent (Tennant et al., 2007).

PRSV is one of the most serious pathogens infecting papaya (Fermin and
Gonsalves, 2003). It belongs to the genus Potyvirus which includes most economically
devastating plant viruses. The members of this genus are sap and aphid transmissible.
Two strains of PRSV exist of which type P infects papaya and cucurbits wheras type
W infects only cucurbits. PRSV-P was thought to have arisen by mutation from PRSV-
W. PRSV- P has been isolated from almost all papaya growing regions of the world
including the Caribbean, tropical Asia, Africa, Central and South America and South
Pacific (Tennant et al., 2007)

In India, the incidence of PRSV was first reported by Capoor and Varma
(1948). Since then, it has spread to different locations of the country irrespective of the

agroclimatic conditions. In south India, PRSV was not reported until 1995.Within a
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span of five years, it had spread throughout south India causing significant yield loss
in papaya. Now, it is the most widespread and damaging viral disease affecting papaya
production causing heavy economic loss to papaya growers not only in the country, but
throughout the world. The widely grown variety ‘Red Lady’ is found to be highly
susceptible and about 86 per cent disease incidence has been reported (Chavan et al.,
2010.). The disease has now become a major limiting factor for successful cultivation
of papaya in India. The incidence reported in different states of the country ranges from
3 to 100 per cent and 35-66 per cent disease incidence was reported in Kerala (Verma
et al., 2007). Considering, the importance of this emerging disease, this project was
undertaken to characterize the virus and develop suitable management strategies

against the disease.

Papaya plants of all stages are vulnerable to the disease. The fruits of the
infected plants become small, deformed, and unfit for consumption rendering them
unmarketable. In the recent years, the incidence of disease has become very severe and
this could be attributed to the secondary spread through the insect vectors. The role of
collateral hosts in the wide spread of the disease also needs to be suspected. A detailed
study on the symptomatology of the disease and host range of PRSV will help in the

early diagnosis and management.

Despite the scope for commercial cultivation and export of papaya
fruits, the disease is a major limitation. In case of papaya ringspot, early detection and
diagnosis of infection is of prime importance because symptomless hosts may carry the
viral inoculum and spread disease in a short period of time. Detection of the pathogen
which remain latent in the plant could be done through various nucleic acid and protein-
based indexing techniques which have been developed in virus indexing laboratories
across the world. Considering this aspect, the serodiagnostic approaches for detection

of PRSV were undertaken.



Coat protein mediated resistance has been successfully employed for
developing transgenic papaya (Gonsalves, 1998). However, the distinct nature of coat
protein gene necessitates molecular characterization of PRSV isolates of a particular
location in order to determine the divergence of PRSV isolates (Hema and Prasad,
2004). This would help in the development of a location specific transgenic papaya. A
perusal of literature also revealed that not much work has been done on the
characterization of PRSV isolates in Kerala. Availability of more sequences of coat
protein gene of PRSV from new locations in the Indian subcontinent would help in
better assessment of sequence divergence within the PRSV population. Hence,
molecular characterization of local isolates of PRSV was proposed in the project which
will provide detailed knowledge regarding the nucleotide and amino acid sequences
and aid in a comparative study with other isolates and help in development of suitable

management strategies in the future.

Several defense inducers, anti-viral principles from botanicals and mircrobial
formulations are reported as useful for the management of plant diseases especially
viral diseases. Hence, the present study was undertaken to evaluate the effects of

different treatments in reducing the severity of papaya ringspot disease.

Therefore, the project was proposed with the main objective of biological and
molecular characterization of the virus, immunological studies and management of

papaya ringspot disease.
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2. REVIEW OF LITERATURE

Papaya (Carica papaya L.) is one of the most important fruit crops that is
cultivated widely in the tropics and subtropics. India is the largest producer of papaya
with a share of 44 per cent in global production (FAOSTAT, 2014). During the last
decade, the area under papaya cultivation has dramatically increased due to
liberalization and introduction of superior Taiwanese and Hawaiian hybrid varieties.
But, the major setback subsequent to the introduction of such varieties has been the
occurrence of papaya ringspot disease which resulted in severe yield loss in papaya.
The disease is caused by Papaya ringspot virus (PRSV) which belongs to genus
Potyvirus and family Potyviridae. The virus is transmitted mechanically through sap
(Bayot et al.,1990) as well as by insect vectors like aphids viz., Aphis gossypii, A.
craccivora and Myzus persicae in a non-persistent manner (Kalleshwaraswamy et

al.,2007).
2.1 OCCURRENCE AND GEOGRAPHICAL DISTRIBUTION OF PRSV

During the last few decades, over 20 plant virus species are reported as potential
pathogens of papaya (Tennant ef al., 2007). Of these different viruses, PRSV has been
identified as the most destructive one across the globe, both in tropical and subtropical
regions (Prowidentii, 1996). The origin of the disease outbreak is not known. It was
first identified and reported by Lindner (1945) from Hawaii and since then, it has been
reported from different parts of the world. Later, it was documented as the major
challenge for papaya production in many tropical and subtropical regions including
South and Central America, Asia, Africa and Carribean Islands (Tripathi et al.,2008).
The global distribution and occurrence of the disease have been thoroughly reviewed

and enlisted in Table 1.

Nationally also, PRSV poses a major threat to papaya cultivation throughout

the country by rendering the orchards economically unproductive. The virus was



reported to occur in every region of the country where papaya was grown, irrespective

of the agroclimatic conditions resulting in severe crop losses (Lokhande and Moghe,

1992; Hussain and Varma, 1994)

Table 1: Geographical distribution of papaya ringspot disease

SIL. No. | Year of report Country/ region Reference

1. 1945 Hawaii Lindner,1945

2. 71948 India Capoor and Varma, 1948

3. 1966 Colombia Torres and Giacometti,1966
4 1969 Brazil Costa et al.,1969

5 1986 Philippines Opina,1986

6. 1987 Mexico Alvizo and Rojkind, 1987
7. 1991 Malaysia Wahab, 1991

8. 1991 Australia Thomas and Dodman,1993
9. 1992 Nepal Shrestha and Albrechtsen, 1992
10. 1995 Japan Maoka ef al.1995

11. 1997 China Xiao et al., 1997

12. 1998 Sri Lanka Perera et al.,1998

13. 2002 Papau New Guinea Davis ef al.,2002

14. 2003 Bangladesh Jain et al.,2004a

15. 2004 Pakistan Ali et al.,2004

16. 2005 French Polynesia and | Davis ef al.,2005

Cook Islands

17. 2005 Cyprus Papayiannis et al.,2005

18. 2006 Cote d Ivoire Diallo et al.,2007

19. 2011 Egypt Omar et al.,2011
20. 2015 South Africa Ibaba et al., 2015
21. 2016 Argentina Maderos et al., 2016

2\



In India, the disease was first reported as papaya mosaic in Poona, Bombay
Province (Capoor and Varma, 1948). Although it was called ‘papaya mosaic’, the
symptoms described indicated that the causal agent was PRSV. Subsequently, it was
reported from Madhya Pradesh (Garga,1963) and later reported as papaya ringspot in
Uttar Pradesh (Khurana and Bhargava,1970). Surekha et al. (1977) reported the
occurrence of the virus in Udaipur of Rajasthan. In south India, PRSV was reported
only in 1995 in Karnataka (Byadgi ef al., 1995). Later, Philip and Nair (1999) reported
the disease from Vellayani, Kerala. PRSV was reported to have spread within a short
period of time of 5-6 years throughout south India (Verghese, 2001). The distribution

of the disease in India is summarized in Table 2.

Table 2: Distribution of papaya ringpsot disease in India

Sl No. Year of State Reference
report

1. 1948 Bombay Province Capoor and Verma,1948
2. 1955 Bihar Mishra and Jha, 1955
3. 1963 Madhya Pradesh Garga, 1963
4. 1970 Uttar Pradesh Khurana and Bhargawa, 1970
3. 1977 Rajasthan Surekha et al.,1977
6. 1980 Mabharashtra Yemevar and Mali, 1980
7. 1995 Karnataka Byadgi et al.,1995
8. 1999 Kerala Philip and Nair, 1999
8. 2002 Andhra Pradesh Gourgopal and Jain,2002
9. 2005 Tamil Nadu Sharma et al.,2005

10. 2007 Kerala Verma et al.,2007
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2.1.1 Disease Incidence and Economic Impact

PRSV is a very serious pathogen and 70 per cent yield loss was observed due
to disease incidence (Barbosa and Paguio, 1982).Wan and Conover (1983) surveyed
30 papaya plantations in Southern Florida and an incidence upto 100 per cent was
recorded. Wahab (1991) reported that out of 74 hectares of field surveyed in Johore,
Malaysia, PRSV incidence was recorded in 26 hectares. Papaya ringspot disease
severely limited the production of papaya in many countries of South East Asia viz.,
Philippines, Taiwan, Thailand and Vietnam. It also affected other regions including

Indian Subcontinent, Africa, South and Central America (Kiritani and Su Hong, 1999).

In India, Lokhande and Moghe (1992) reported the occurrence of PRSV on
different cultivars during different seasons. The incidence ranged from 75 to 100 per
cent and was found to be high during rainy season. Lakshminarayan Reddy (2000)
surveyed homesteads and commercial orchards in and around Bangalore and reported
an incidence from 75 to 100 percent. Singh et al. (2003) reported PRSV incidence
ranging from 48 to 100 per cent in all the districts of Eastern Uttar Pradesh while Vimla
et al. (2005) conducted a survey in commercially cultivated papaya orchards of Eastern
U.P., and reported 95 per cent disease incidence with 70 per cent yield loss. The disease
incidence reported in different states viz., Bihar, Maharashtra, Uttar Pradesh,
Karnataka, Kerala and West Bengal were 100, 3 to 100, 74 to 90, 60, 35 to 66 and 40
per cent respectively (Verma et al., 2007). Singh and Shukla (2009) reported an
average yield loss of 61.3 per cent in the infected plants. The economic value of the
infected plant was reduced up to 38.7 per cent. Gonsalves et al. (2010) stated that the
plants infected at young stage remained stunted and did not produce any economic
yield.

Chavan et al. (2010) conducted a screening of eight commercial papaya
cultivars and reported the lowest disease incidence (13.2 %) in the cultivar Madhubala
followed by cultivars CO2 (39.8 per cent) and Pusa Nanha (44.8 %) when compared

to the widely grown papaya Red Lady which showed the maximum disease incidence

2
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(86 %). A survey on disease incidence revealed that the commonly cultivated varieties
viz., Sunrise Solo, Red Lady, Surya and Coorg Honey Dew were susceptible to PRSV.
Among the viruses infecting papaya, PRSV is found to be very serious causing yield

loss up to 70 per cent (Reddy et al., 2011).

Out of 15 surveyed districts of Assam, highest PRSV incidence of 74.3% was
noticed in Goalpara district followed by 70% in Kokrajhar district and the lowest in
Nagaon district (28.0%) (Talukdar et al., 2013).

2.2. SYMPTOMATOLOGY OF PAPAYA RINGSPOT DISEASE

Capoor and Varma (1948) reported the occurrence of mosaic disease in papaya
which expressed symptoms similar to PRSV infection. The symptoms included
reduction in size of leaf lamina, malformed fruits with circular or concentric water
soaked lesions all over the fruit surface. Jensen (1949) reported that the initial symptom
of the disease appeared on young leaves as puckering of leaf tissue between veins and
veinlets resulting in upward curling of leaves followed by chlorotic mottling and
blistering on leaf surface. In severe cases, leaves become highly distorted. Moreover,
the PRSV infection was typically characterized by the production of circular or
concentric water soaked lesions all over the fruit surface. PRSV-P isolates differed in
the severity of symptoms produced. Symptom expression is highly influenced by
environmental conditions and were more severely expressed during cooler months

(Gonsalves and Ishii, 1980).

The symptoms like chlorotic ringspots, mosaic pattern, leaf distortion,
shoestring effect on leaves, oily rings on stem, petioles and fruits, malformed double
fruits, stunting of plants and failure in production of flowers and fruits in later stages
of infection were reported by many workers (Torres and Giacometti,1966; Khurana

and Bhargava,1970; Surekha ef al.,1977; Almeida and Carvalho,1978; Yemewar and
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Mai,1980; Lana,1980; Kitajima et al.,1987; Lokhande and Moghe ,1992; Thomas and
Dodman,1993; Hussain and Varma,1994; Dahal et al.,1997; Gonsalves,1998).

Kunkalikar (2003) studied the symptoms on mechanically inoculated papaya
var. Surya and Solo Sunrise and reported that the incubation period of the virus was 15
days. Initially, the leaves turned pale green and later developed chlorotic spots.
Subsequently, the entire leaf produced mosaic symptoms. In advanced stages, the
leaves exhibited severe distortion leading to shoestring effect. Stem started tapering
within the canopy and developed rosette appearance. On the stem surface, concentric
rings and oily streaks were formed which extended up to the base of the petioles. Singh
et al. (2003) reported similar symptoms on the foliage along with thickening of

veinlets.

The development of circular and concentric water soaked lesions and necrotic
rings with solid central spots on mature green fruits were the most characteristic
symptom of the disease (Rao et al., 2008). Singh and Shukla (2011) reported that PRSV
infection induced ringspot, distortion and mottling symptoms on the foliage, stunting,
fragile roots and deteriorated fruit quality and quantity. Plants showed crowding of
apical leaves and denuded appearance due to reduced fruiting, defoliation and severe
stunting. Furthermore, on studying the influence of inoculation time on severity of the
disease, it was observed that symptom expression was severe under low temperatures
but the symptoms were masked during high temperatures resulting in mild incidence

of the disease.

Apart from chlorotic spots and puckering symptoms on leaves, Krishnapriya
(2015) also recorded vein banding symptom. Additionally, the production of flowers
and fruits in the infected plants were drastically reduced and the fruits were disfigured

with development of bumps.

Singh et al. (2017) described the nature of ringspots which appeared on the

skin of infected fruits. Size of these necrotic spots ranged from 3- 20 mm in diameter.
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The number of ringspots in a single fruit varied from a few to more than 200
depending upon the size of fruits and the disease severity. Furthermore, they stated that
maximum number of ringspots were observed on the side where the fruit was exposed
to the sun. These spots coalesce with each other and turned to distorted ringspots on

most of the fruits.
2.3. HISTOPATHOLOGY OF PAPAYA RINGSPOT VIRUS DISEASE

Histopathological studies of PRSV infected leaves conducted by Kunkalikar et
al. (2007) revealed distortion of palisade parenchyma. They also reported that the
spongy parenchyma cells lost their normal round shape and showed complete
disintegration. Singh and Shukla (2012) stated that there was extensive deformation of
parenchyma tissues in leaf, poor differentiation of vascular tissue, disintegration of
chloroplasts, increased number of calcium oxalate crystals in stem, reduced size of

xylem cells in roots. They also reported that the lactiferous tubes remain unaffected.

2.4. BIOLOGICAL CHARACTERIZATION OF THE VIRUS
2.4.1. Transmission Studies
2.4.1.1. Mechanical Transmission

Capoor and Varma (1948) proved sap transmissibility of PRSV under insect-
proof glass house conditions. The symptoms first appeared as necrotic spots on leaf
lamina of newly developing leaves in about 20 days following inoculation.
Furthermore, the use of 600 mesh fine carborundum powder as an abrasive gave a
higher percentage of infection and the disease symptoms also appeared earlier

compared to plants which were inoculated without the use of an abrasive.

Conover (1962) reported mechanical transmission of Papaya distortion
ringspot virus to papaya. Similarly, many researchers have reported the mechanical

transmission of PRSV to papaya (Zettler et al., 1968; Story and Halliwell, 1969; Lima
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and Gomes, 1975, Yemewar and Mali, 1980; Bayot et al., 1990; Yeh et al., 1984 and
Thomas and Dodman, 1993).

Kunkalikar (2003) proved mechanical transmission of PRSV with 0.5 M
phosphate buffer (pH: 7.5) from infected papaya plants to healthy test plants. 100 per
cent transmission was recorded with an incubation period of 18 days. The results were
confirmed with DAC- ELISA. Reddy et al., (2007) established successful transmission
of PRSV through mechanical inoculation under glass house conditions using 0.1M

potassium phosphate buffer (pH: 7.0) to healthy test plants.

Similar results on 100 per cent mechanical transmission was reported but with
0.1 M sodium phosphate buffer (pH: 7.2) with an incubation period of 18-22 days
(Dhanam ef al.,2011) and 0.1 M sodium phosphate buffer (pH: 7.0) with an incubation
period of 20 days (Krishnapriya, 2015).

2.4.1.2. Seed Transmission

Capoor and Varma (1948) investigated the transmission of the virus through
seeds. Out of 450 seeds from a diseased fruit sown, 340 germinated and produced only
healthy seedlings. Wang et al. (1978) reported that PRSV is not transmitted through
seeds. Prasad and Sarkar (1989) also failed to establish transmission of PRSV through

seeds.

On the contrary, Bayot et al.(1990) reported that 2 out of 1355 seedlings viz.,
0.15 per cent from the fruit of an infected tree exhibited symptoms caused by PRSV.
Moreover, they stated that the transmission is dependent on weather factors, variety of

papaya and the assay methods used.

Dahal et al. (1997) reported that none of the seeds collected from infected
papaya fruits produced diseased seedlings. Kunkalikar (2003) conducted seed
transmission studies on different varieties of papaya viz., Surya, Sunrise solo, Taiwan,

Solo, Red Lady and local varieties of which none of them exhibited seed transmission.
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Additionally, seed transmission studies carried out by Reddy et al. (2007) revelaed that
the virus was not seed borne. Laney et al. (2012) reported that black locust isolates of
PRSV and WMV are seed borne. Krishnapriya (2015) recorded no seed transmission
from seeds of infected fruits upto 60 days after sowing.

2.4.2. Host Range Studies

Capoor and Varma (1958) have reported that the Maharashtra isolate of PRSV
could infect seven cucurbitaceous hosts viz. Lagenaria siceraria, Trichosanthes
anguina, Cucumis sativus, Luffa acutangula, Cucurbita moschata, C. pepo and C.
maxima. Conover (1962) reported mechanical transmission of Papaya distortion
ringspot virus to cucumber, muskmelon, summer squash and water melon. Zettler et

al. (1968) successfully proved that cucurbitaceous plants are hosts of PRSV.

Story and Halliwell (1969) mechanically transmitted Distortion ringspot virus
to papaya and Cucurbita pepo L. but not to Chenopodium amaranticolor and Vinca
rosea. Similarly, other research workers reported the transmission of PRSV from
infected papaya to healthy papaya and cucurbits (Lima and Gomes,1975; Yemewar and
Mali, 1980 and Yeh et al,1984). Yeh and Gonsalves (1984) reported that PRSV could
induce local lesions in Chenopodium quinoa. In contrast, Opina (1986) and Ramos
(1987) failed to induce local lesions on C. quinoa. Bayot et al.(1990) stated that these
conflicting observations are probably due to differences in virus strain, environmental

factors and the strain of the host used in the study.

The members of Leguminoceae, Solanaceae, Mahaceae, Amaranthaceae,
Asteraceae,  Cruciferaceae,  Euphorbiaceae, = Chenopodiaceae,  Labitaceae,
Caesalpinaceae, Fabaceae and Convulvulaceae were not susceptible to PRSV
(Lakshminarayan Reddy, 2000). Kunkalikar (2003) established successful
transmission of PRSV from infected papaya plants to healthy test plants belonging to
Cucurbitaceae viz., Momordica charantia, Cucurbita pepo, C. moschata Cucumis

sativus, Luffa acutangula and Trichosanthes anguina. However, transmission of PRSV

pL
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to Nicotiana tabacum, Solanum melongena and Helianthus annuus could not be

established.

The most commonly observed symptom of PRSV-W strain were leaf distortion,
blisters and shoe string effect on zucchini and mosaic or yellow mosaic , blisters and
leaf distortion on other cucurbits. Disease incidence ranged from 85-100 per cent in
zucchini, 4- 100 per cent in cucumber, 4 — 100 per cent in pumpkin and 10 — 100 per
cent on bottlegourd, choyote and watermelon (Dahal et al., 1997). Tripathi et al. (2008)
reported that PRSV has a limited number of hosts belonging to the families Caricaceae,

Chenopodiaceae and Cucurbitaceae.

In contrast to this, Kelaniyangoda and Madhubashini (2008) reported that
Cucumis melo, Cucumis sativus, Nicotiana tabaccum, N. glutinosa, Gomphrena
globosa and Chenopodium amaranticolor did not take up PRSV inection up to 3 weeks
after mechanical inoculation. This was also confirmed through indirect ELISA.
However, Chenopodium quioa produced local lesions following three weeks after

inoculation and gave a positive ELISA reading.

The biological indexing and electron microscopic studies conducted by Chavan
etal. (2010) revealed Cucumis melo L., Alternanthera sessilis, Datura metel, Xanthium
indicum, Cassia tora and Physalis minima as off season weed hosts of PRSV. Dhanam
et al. (2011) conducted host range studies on different cucurbitaceous plants
viz.;ashgourd, bittergourd, bottlegourd, ridgegourd, snakegourd, cucumber and
zucchini. Among them, zucchini alone exhibited chlorotic lesions on leaves within 18-
20 days after inoculation. None of the other cucurbits showed any symptom. Similar
studies conducted on Chenopodium amaranticolor and C. quinoa revealed that the

former expressed chlorotic local lesions on leaves within 20-22 days of inoculation.

Singh et al. (2017) reported that members of Cucurbitaceae viz., Cucumis melo,
C. sativus, Cucurbita moschata, C. pepo, Luffa acutangula, L. cylindrica, Lagenaria

siceraria and Momordica charantia are hosts of PRSV and expressed mosaic mottling

A
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symptoms on inoculation. They also stated that members of Solanaceae and
Leguminosae are not susceptible to PRSV. Chenopodium amaranticolor and C. quinoa

expressed necrotic local lesions on PRSV inoculation.
2.4.3. Morphology of Viral Particles

Kulkarni (1970) purified three viruses of papaya by density gradient
centrifugation. Electron microscopy revealed rod shaped particles of 750 x 12 nm. Lana
(1980) obtained purified virus from papaya using density gradient centrifugation. The
virus particles measured 791 x 12 nm. Chen (1984) observed filamentous particles of
PRSV measuring 700 - 750 nm when negatively stained in leaf dip preparation. In the
sections, cellular inclusions in the form of pinwheels, tubular and short laminated
aggregates were observed. Hussain and Varma (1994) identified PRSV in electron

microscope which revealed flexuous particles measuring 780 x 12 nm.

Examination of infected samples used in ELISA tests by electron microscopy
and immunosorbent electron microscopy (ISEM) confirmed the presence of typical
potyvirus flexuous particles of size 700-800 nm long which reacted strongly to PRSV-
W antiserum (Dahal et al, 1997). Kunkalikar (2003) reported similar observations
regarding the morphology of virus particles. PRSV particles of leaf dip preparation and
decoration were flexuous rods of size 750 x 12nm. Tripathi et al. (2008) reported that
the virions are filamentous, non-enveloped and flexuous measuring 760-800 x 12 nm,

confirming the morphological features of Potyviridae.

Flexuous rod shaped virus particles were observed under electron microscopy
by Dhanam et al. (2011) in infected leaf samples collected from field as well as
artificially inoculated plants. In ISEM, the virus particles got decorated with PRSV

specific polyclonal antibodies.
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2.5. PROTEIN BASED DETECTION OF PRSV

Gonsalves and Ishii (1980) detected the presence of Hawaiian isolate of PRSV
using DAC - ELISA. The ELISA readings were found to be comparitively higher when
the molarity of the phosphate buffer was increased (>0.2 M). Bayot et al. (1990) could
detect PRSV in both papaya seeds and seedlings using polyclonal antibodies and
monoclonal antibodies. Kuan et al., (1999) studies 27 isolates of PRSV showing
different symptoms. PRSV- P and PRSV- W were serologically indistinguishable as
determined by polyclonal antibodies but were found to be distinguishable when
determined by monoclonal antibodies. Kunkalikar (2003) conducted DAC - ELISA on
symptomatic leaves, skin of diseased fruit and from stem. The skin of diseases fruit
and stem showed mild positive reaction indicating the low concentration of virus.
However, strong positive reaction was shown from the leaves. Cruz et al. (2009)
detected PRSV by direct ELISA using AGDIA kit and indirect ELISA using polyclonal
antibodies. Krishnapriya (2015) standardized the detection of Vellayani isolate of
PRSV using DAC - ELISA.

2.6. MOLECULAR CHARACTERIZATION OF PRSV

Papaya ringspot virus belongs to the genus Potyvirus, family Potyviridae. The
virus consists of non- enveloped flexuous filamentous particles which consists of a
positive sense, single-stranded, unipartite RNA genome encapsidated by the genome-
encoded coap protein (CP). The genomic RNA of PRSV is 10326 nucleotides long
followed by a tract of poly A sequence. An open reading frame starting at nucleotide
86 and ending at nucleotide 10120 encoodes a polyprotein of 3344 aminoacids from
which all the proteins of the virus are derived. As with other potyviruses, several
proteins are produced through a combination of co-translational, post-translational,
auto-proteolytic and transproteolytic processing by three virus-encoded endoproteases,

P1, HC-Pro and Nia (Yeh and Gonsalves, 1985; Yeh ef al., 1992). About 21 isolates



16

were recorded worldwide so far and were grouped into two types; Type W (PRSV —
W) infects only cucurbits and Type P (PRSV — P), which infects both papaya and

cucurbits (Gonsalves, 1998).

The name and size of the viral genes listed in the order of their occurrence (5
to 37) in the PRSV genome are: P1(63k), helper component (HC-Pro,52k), P3( 46k),
cylindrical inclusion protein(CI,72k), 6K(6k), nuclear inclusion protein a (NIa, 48k),
nuclear inclusion protein b (NIb,59k) and coat protein (CP, 35k) (Yeh and Gonsalves,
1985; Quemada et al.,1990; Yeh et al,,1992;Wang and Yeh,1997).

Comparison of CP gene sequences is one of the most reliable way of studying
the variability among the virus isolates. Coat Protein Mediated Resistance (CPMR) has
been successfully used to confer resistance to a wide range of viruses including PRSV
(Gonsalves, 1998). Previous studies indicate that coat protein genes of PRSV strains
are very distinct in geographic origin and pathogenicity (Bateson et al., 1994). A
transgenic papaya with CP genes specific to the PRSV-P strains existing in a particular
region needs to be developed for effective control of the disease in that region.
However, in India the strains responsible have not been adequately characterized at the
molecular level. Therefore, a region — specific molecular characterization is necessary
in order to know the nucleotide and amino acid sequeces of the CP gene and to

determine the degree of variation from other isolates (Hema and Prasad, 2004).

2.6.1. Reverse Transcription- Polymerase Chain Reaction

PCR is an in vitro method for amplification of target nucleic acid sequences.
DNA plant viruses (caulimo, gemini and badnaviruses) could be detected directly by
PCR; however for detecting RNA viruses, RNA needs to be converted to
complementary DNA (cDNA) by reverse transcription prior to PCR. The cDNA

provided suitable DNA target for subsequent amplification and this modified technique

Ay
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for detection of RNA plant viruses was called RT-PCR (Reverse Transcription-

Polymerase Chain Reaction) (Henson and French, 1993).

A coat protein gene fragment of PRSV of size 950 bp was amplified by RT-
PCR (Quemada et al., 1990). Bateson et al. (1994) used synthetic primers MB11 and
MB12, homologous to the part of PRSV-W (Aust- DB1) coat protein gene sequence to
amplify the coat protein gene of two Australian field isolates and three Asian field
isolates. Jain ef al. (1998) characterized P and W isolates of PRSV from India at
molecular level by cloning and sequencing the 3’ terminal regions comprising a part of
the nuclear inclusion b (NIb ) gene, the complete coat protein (CP) and the untranslated
region (UTR) which has a size of 1.7 kb. Kunkalikar (2003) developed immunocapture
RT-PCR for detection of PRSV and yielded a PCR product of size 550bp.

Hema and Prasad (2004) used RT- PCR technique to amplify the CP region of
a south Indian isolate which yielded a product of 900 bp. Jain et al. (2004b) also carried
out RT-PCR to amplify coat protein region of PRSV isolates from multiple locations
in India. The product size of the amplicon varied from 840- 858 nucleotides, encoding

protein of 280-286 amino acids.

Ha et al. (2008) designed two pairs of novel degenerate primers from sequences
within the potyviral CI and HC-Pro-coding region, and these were highly specific to
the memebers of the genus Potyvirus. RT-PCR using the novel primers NIb2F and
NIb3R was proved as a routine diagnostic assay for detection of all the major groups

within the genus Potyvirus (Zheng et al., 2010).

Srinivasulu and Sai Gopal (2011) cloned and sequenced the 3' terminal region
of about 1.7 kb comprising a part of nuclear inclusion b NIb gene, complete coat protein

(CP) and 3" untranslated region (3’UTR) of seven PRSV isolates from south India.
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Similarly, RT-PCR of symptomatic papaya leaves in Coimbatore yielded an amplicon
of 850 bp corresponding to the coat protein gene of the virus (Dhanam et al., 2011).
Krishnapriya (2015) standardized molecular detection and characterization of PRSV in
papaya. RT-PCR amplification of the CP gene using gene specific primers resulted in

the amplification of 220 bp fragment.

Usharani ef al. (2012) used duplex PCR to simultaneously detect PRSV and
Papaya leaf curl virus from papaya. Tuo et al. (2014) used multiplex RT-PCR with a
mixture of three specific primer pairs to amplify three distinct fragments of 613 bp
from the P3 gene of PRSV, 355 bp from the CP gene of PLDMV and 205 bp from the
CP gene of PapMV.

2.6.2. Sequence Diversity of PRSV Isolates

In the case of Papaya ringspot virus, most studies have been focused on
examining sequence variation in the CP gene from PRSV isolates. Earlier, studies
carried out in USA and Australia (Quemada et al., 1990; Bateson et al., 1994)

suggested that there was little sequence variation in the CP gene of PRSV isolates.

Later, Bateson et al. (2002) studied the evolution and molecular epidemiology
of PRSV-P by sequencing CP genes of both PRSV P and W type isolates from
Vietnam, Thailand, India and Philippines. On comparison with sequences of 28 other
isolates, they found that mutation together with long distance movement had
contributed for variation in isolates and evolution of type P from W. Phylogenetic
analyses of PRSV also showed its closest known relative, Moroccan watermelon
mosaic virus, indicate that PRSV might have originated in Asia, particularly in the

Indian subcontinent.

N
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The homology of twelve Brazilian isolates of PRSV were studied by Lima et
al. (2002). The CP gene from these isolates have shared an average homology of 97.3
per cent at the nucleotide level among Brazilian isolates. When compared to 27 isolates
from outside the Brazil in a homology tree, these isolates showed clustering with
Australian, Hawaiian, Central and North American isolates, with an average degree of

homology of 90.7 per cent among them.

Recent sequence data of PRSV CP genes of isolates from India indicate greater
sequence variation among the local populations of PRSV in other countries. CP
sequence diversity at the amino acid (10%) and nucleic acid (14%) levels were highest

among the Asian populations of PRSV isolates (Jain ef al., 2004b).

Hema and Prasad (2004) compared the CP gene of south Indian strain (INP-
UAS) of PRSV with 74 other sequences reported from different geographical isolates.
They concluded that the variation and distinctiveness in the N terminal region from the
previously reported isolates, was linked to its geographical location. The CP gene of
INP- UAS isolate had a deletion of 24 nucleotides, corresponding to 8 amino acids in
this region in contrast to P-IND isolate (Jain et al., 1998) which showed a deletion of
4 amino acids in the N terminal region of CP. Furthermore, comparison of sequences
corresponding to the CP N-terminal regions of PRSV isolates revealed two lineages.
Among them, all the American isolates (USA, Mexico, Brazil, Puerto Rico), Australian
isolates, isolate P-IND from India and Sri Lanka formed one lineage whereas the rest
of South East Asian and Western Pacific isolates (China, Indonesia, Thailand,
Vietnam, Taiwan, Japan) formed another. However, the south Indian strain INP-UAS
did not fall into any of these two lineages but formed a separate and distinct group

outside the major cluster.
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Bag et al. (2007) studied the sequence diversity in the coat proteins of 28 PRSV
isolates originating from different locations in India. There was heterogeneity in CP
gene length (275-289 amino acids) among the isolates from central, eastern, northern,
southern and western India (up to 23%). Among all the isolates, KA4, INU-01 and AP2
from southern India were found to be unique. Maximum heterogeneity was observed
in southern isolates (up to 23 %), followed by central (upto 11%), eastern and northern
(upto 10%) and western (upto 7%) isolates. Lack of relationship between variability

and geographical origin of the isolates was also found.

The complete sequencing of New Delhi Indian isolate of PRSV (PRSV-DEL)
from TARI was done by Parameswari et al. (2007). Comparative sequence analyses
revealed that the PRSV-DEL shared 83-89 per cent and 90-92 per cent overall
sequence identities at the nucleotide and amino acid levels respectively, with other
PRSV isolates. Maximum sequence identity at the amino acid level (92%) was
observed with isolates from the America forming one cluster, followed by 90 to 91 per
cent identity with Asian isolates, forming a distinct cluster.

Srinivasulu and Sai Gopal (2011) compared the coat protein nucleotide and
deduced amino acid sequences of seven isolates from different locations of south India
and also with 22 other PRSV isolates from different geographical locations in the
Indian subcontinent. The sequence comparison revealed greater sequence divergence
upto 18.4 per cent and 15 per cent at nucleotide and amino acid level respectively
within Indian PRSV populations. All south Indian isolates were clearly separated from
isolates of other geographical regions and formed a major group in phylogenetic trees
and the clustering pattern of the isolates did not correlate well with their geographical

origins.

Castillo et al. (2011) stated that nucleotide sequences of CP gene of Indian

isolates had the highest level of diversity and this may suggest an ancestral Indian

%\a
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origin. Omar et al. (2011) reported that the Egyptian isolates of PRSV grouped together
in a distinct clade. Comparison with PRSV sequences from the GenBank presented

nucleotide identities in the range of 87.5 to 97.1 per cent.

Krishnapriya (2015) characterized the PRSV isolate from Vellayani, Kerala.
Comparative nucleotide sequence alignment of the virus with the available databases
from NCBI revealed a 99 per cent homology with PRSV isolate from Andhra Pradesh.
It also shared 93 per cent homology with PRSV isolate biotype W from Brazil.

2.7. MANAGEMENT OF PAPAYA RINGSPOT DISEASE
2.7.1. Effect of various chemicals, nutrients, microbial formulations and plant
extracts on incidence of PRSV

Salicylic acid (SA) is a signal required for the activation of systemic acquired
resistance (SAR) (Malamy et al., 1990). SAR is dependent on the production of SA in
response to infection (Gaffney et al., 1993) and is associated with the accumulation of
pathogenesis-related proteins (PRs) both in the inoculated and in distant leaves (Ryals
et al., 1996, Van Loon and Kammen, 1970). Because exogenous application of SA
induces both SAR and PRs, the latter are commonly taken as markers of the induced
state. SAR is non-specific with respect to both the inducing and the challenging
pathogen and therefore, a primary infection in plant caused by either fungi, bacteria or

virus may lead to an enhanced systemic resistance against them (Kuc, 1982).

Root drench of papaya seedlings with BTH, an analogue of SA resulted in
increased accumulation of a PR1 (a gene widely used as a marker for SAR) mRNA.
This indicated that papaya has a SAR response which can be induced by BTH, making
this chemical a valuable research tool and possible future field treatment (Qiu et al.,
2003). The disease was effectively controlled by SA treatment of 50 mg/L. The SA

treatment in the form of spraying showed a considerable reduction in disease more than
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70 per cent in the variety Solo (Zhang et al., 2007). SAR induction is triggered,
typically, by recognition of a specific incompatible pathogen but its effects can enhance
plant resistance indiscriminately against a very broad range of both viral and non-viral

pathogens (Palukaitis and Carr, 2008; Lewsey et al., 2009).

Both spray and seed treatment of salicylic acid against tobamoviruses reduced
the concentration of virus and this was confirmed through DAC- ELISA
(Madhusudhan et al., 2011).

Effects of viruside, 83-fatty acid and salicylic acid (SA) on PRSV and relative
defensing enzyme activities in papaya leaves were studied by Zhang ef al. (2009) by
artificial PRSV inoculation. They reported that, both 83-fatty acid and salicylic acid
could activate polyphenol oxidase (PPO), superoxide dismutase (SOD) and peroxidase
(POD). Hence the PRSV resistance increased and the virus levels were controlled

effectively.

The control efficiency of different defence inducers viz., salicylic acid (SA) @
50 mg/L, methyl jasmonate (MeJA) @ 0.05 mmol/L and chitosan (CTS) @ 1% were
recorded by Lai ef al. (2012) against PRSV by inoculating papaya plants after spraying
inducers of different concentrations. Every inducer increased the resistance of PRSV,
while the control efficiency of SA was superior (77.19%) to MeJA (53.11%) and CTS
(22.95%).

Antoniw and White (1979) conducted preliminary investigations on the effect
of aspirin against mosaic virus in tobacco. They observed that injection of plants with
aspirin induced virus resistance and associated proteins and can therefore be considered
as a potential antiviral chemical. Aspirin applied as root drenches or leaf injections
(1.1mM) reduced the disease severity following challenge with Tobacco necrosis virus

in tobacco. However, spray treatments were found to be ineffective (Dennis and Guest,
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1995). Systemic resistance to tomato plants against Ralstonia solanacearum was
induced following the application of acetyl salicylic acid or SA @ 0.25 mM and 0.5
mM and considerably reduced disease severity (Abd-el-Said et al., 1996)

Senaratna et al. (2000) studied the effects of SA and acetyl salicylic acid in
bean and tomato plants grown from seeds treated with these chemicals. They observed
that the application imparts multiple stress tolerance which is more consistent with the
signaling role of these molecules. Similar results were obtained when the treatments

were applied in the form of soil drenching.

El Mougy (2004) reported that application of acetyl salicylic acid gave a
considerable reduction in the root rot disease of lupine and that it may be because of
the action of aspirin as a plant defense inducer. Reddy er al. (2006) evaluated the
efficacy of antiphytoviral chemicals viz., DHT [2,4-dioxo-hexahydro-1,3,5-triazine],
acetylsalicylic acid [aspirin], salicylic acid and benzoic acid against Urdbean leaf
crinkle virus (ULCV) in urdbean (Vigna mungo) and reported that, DHT significantly
increased the incubation period whereas acetyl salicylic acid was found to be the least
effective. Horotan and Apahidean (2015) stated that aspirin generates normal growth

and resistance against fungal pathogens in tomato.

Rhizobacteria — mediated induced systemic resistance has been discussed by
Van Loon et al. (1998) and it is stated that various strains of Pseudomonas putida, and
P. fluorescens confer resistance in plants against Cucumber mosaic virus in cucumber
and tomato; Tobacco mosaic virus and Tobacco necrosis virus in tobacco. Similarly,
treatment of seeds and seedlings with Pseudomonas fluorescens was effective in
reducing the incidence of Bean common mosaic virus on French bean (Kumar et al.,
2005). A study was conducted by Barakat et al. (2012) on induction of systemic

resistance in watermelon plants against Watermelon mosaic virus- 2, which is a
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potyvirus whose genome structure is closely related to PRSV. The study revealed that
bacterial and fungal inducers were more effective bioagents than plant oils to induce
SAR in water melon plants. Seed inoculation with Bacillus polymyxa, B. megaterium
and Trichoderma harzianum gave a reduction of infection by 29.10 per cent, 35.5 per

cent and 42 per cent respectively.

The efficiency of two Bacillus species viz., B. firmus and B. subtilis and a
mixture of both was investigated by Abd El- Shafi and Yesser (2012) against ZYMV,
a potyvirus in squash plants. A reduction in percentage of infection was observed when
the two species were mixed and applied. Moreover, it showed an increase in the growth

rate of plants.

Ruwanthi et al. (2014) demonstrated the influence of PGPR on disease
incidence by PRSV. Five Bacillus spp. were isolated from the rhizosphere of papaya
and these were applied to papaya plants with a concentration of 10® cfu/ml in the form
of soil application followed by mechanical inoculation of PRSV and spraying on test
plants already inoculated with PRSV. Isolate B2 Madampe (T5) was recorded as the
most effective isolate giving considerable reduction in virus titre in plants which was
validated through DAC- ELISA. Abdalla ef al. (2017) reported that PGPR strains are
superior to conventional chemicals for controlling PRSV- W in squash and soil
drenching was recorded as the best method of application followed by root dipping and
seed coating.

Lecanicillium spp., which are entomopathogenic fungi exhibit high pathogenic
activity against aphids (Jackson et al., 1985). Cherian (1998) reported that Verticillium
lecanii is effective against whitefly, Bemisia tabaci, which are vectors of Tomato leaf
curl virus. Yeon et al. (2008) reported 72 to 97 per cent mortality in field evaluation of
Lecanicillium against green peach aphid, Myzus persicae which is a potential vector of

PRSV.

1O
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A study was conducted by Rajinimala et al. (2009) on management of Bitter
gourd yellow mosaic virus BGYMV using biotic and abiotic defense inducers viz.,
Pseudomonas chlororaphis, P. fluorescens-A, Bougainvillae spectabilis leaf extract,
Bion 200 ppm and insecticide monocrotophos in bittergourd plants. All the treatments,
except Pseudomonas spp. were applied four times starting from 15 DAS at 15 days
interval and the Pseudomonas spp was applied as seed treatment. The BGYMV was
artificially inoculated at 15 days after sowing. The results revealed that the B.
spectabilis treated plots recorded the least disease incidence of 33.33%. Other
treatments recorded 66.66 % whereas control recorded 100 % incidence of BGYMV
at 75 DAS.

Experiments carried out to manage PRSV disease by insecticides and mineral
oil sprays were not successful because of large number of species of aphids acting as
vectors and their non - persistent relationship with the virus (Horkness, 1967; Acosta,
1969). Bhargava and Khurana (1969) reported that spray of castor and light paraffin
oils (as 1 % emulsion in water) caused acute phytotoxicity whereas mustard and
coconut oils induced milder effect on 6 to 8 weeks old papaya seedlings, which
recovered later. Transmission of the virus by Aphis gossypii from or to sprayed plants
was reduced or prevented. Groundnut oil (2%) caused slight stunting and at one per

cent totally inhibited aphid transmission upto 3 days without phytotoxicity.

Verma and Kumar (1980) reported that foliar sprays of leaf extract of Mirabilis
jalapa caused a marked symptom suppression along with improved growth and
flowering in tomato infected with Tomato yellow mosaic virus and Tomato yellow
mottle virus;, cucumber infected with Cucumber mosaic virus and urd bean infected

with Urd bean mosaic virus.
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Antiviral activity of Mirabilis jalapa containing a ribosome inactivating protein
(RIP) called Mirabilis antiviral protein (MAP) against mechanically transmitted
viruses (PVX, PVY, PoLRV and PSTVd) was studied (Vivanco et al., 1999). Root
extracts of M. jalapa sprayed on test plants 24 h before virus or viroid inoculation
inhibited infection by almost 100 per cent as corroborated by infectivity assays and the

nucleic acid spot hybridization test.

Reddy et al. (2006) tested the efficacy of various plant extracts on the inhibiton
of ULCV in urdbean plants mechanically inoculated with the virus and a maximum
reduction in transmission of 30 per cent was observed in plants sprayed with Mirabilis
Jjalapa leaf extract and 50 per cent reduction of transmission was observed in plants
sprayed with leaf extracts of Datura metel, Bougainvillae spectabilis, Boerrhavia
diffusa and Azadirachta indica as against 80 per cent reduction of transmission in
control. Moreover, an increase in incubation period was recorded in all the leaf extract
applications with the maximum increase of 8.8 days recorded in case of Mirabilis

Jjalapa leaf extract.

Prasad et al. (2007) evaluated the antiviral properties of certain botanicals viz.,
Azadirachta indica, Boerhaavia diffusa, Bougainvillea spectabilis, Clerodendrum
inerme, Psidium guajava, and Thuja occidentalis against potyviruses infecting cowpea.
Maximum disease reduction upto 40 per cent was recorded in case of B. diffusa in field
conditions at 0.75 percent concentration of extract. In spray treatment, B. diffusa and B.
spectabilis reduced the disease incidence up to 13 and 12 per cent under screenhouse
conditions, whereas B. diffusa and C. inerme reduced the disease incidence up to 31
and 32 per cent under field conditions. When plant extracts were mixed with BCMV-
BICMYV inoculum and young seedlings inoculated, B. spectabilis, C. inerme and M.
Jjalapa extracts reduced the disease incidence up to 42, 40 and 48 per cent respectively

under screenhouse conditions as against 80 per cent in control.

W2



27

Delaying the sowing date along with spraying the faba bean seedlings with six
aqueous botanicals extracts under field conditions at fortnightly intervals was reported
as a simple strategy for BYMV control in faba beans (Mahdy et al., 2007). The
systemic inhibitory effect after three sprays of botanicals viz.,Chrysanthemum
cinerariifolium (leaves), Clerodendrum inerme (leaves), Dianthus caryophyllus
(leaves), Mirabilis jalapa (roots), Phytolacca americana (leaves), P. americana
(roots), Schinus terebinthifolius (fruits), and S. terebinthifolius (leaves) was recorded

as 71,81, 89, 96, 97, 98, 85 and 68 percent respectively.

Elsharkawy and El- Sawy (2015) studied the effect of various plant extracts
viz., Plectranthus tenuiflorus, Azadirachta indica, Clerodendrum inerme, Schinus
terebinthifolius and Mirabilis jalapa as antiviral materials against Bean common
mosaic virus (BCMV), a potyvirus in bean plants. The mixing of P. tenuiflorus
extracts with BCMV inoculum achieved the highest reduction in BCMV infection
(92%), while the mixing of S. terebinthifolius extracts with BCMV inoculum
recorded the lowest reduction in BCMV infection (68%). Spray treatments of P.
tenuiflorus and M. jalapa reduced disease incidence to 12 per cent and 17 per cent
under greenhouse conditions, whereas under field conditions they reduced

disease incidence to 17 and 23 percent respectively.

Humic acid (HA) is a compound, constructed on potassium-humates, which can
be utilized successfully in many parts of plant production as a plant growth promoting
or soil conditioner for enhancing natural resistance against plant diseases (Scheuerell
and Mahaffee, 2006). Moreover, humic acid trigger the soil microorganisms (Qualls,
2004).

Humic acids in organic soils are known to inhibit the infectivity of TMV in

tobacco (Polak and Pospisil, 1995). Application of HA consistently enhanced the
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concentration of some antioxidants such as, B-carotene, superoxide dismutases, and
ascorbic acid. These antioxidants may play an important role in the regulation of plant

growth and development of disease resistance (Dmitrier ef al., 2003).

Kshirsagar (2014) investigated the influence of HA on incubation period of
PRSV in papaya seedlings. The incubation period (in days) was recorded as 23, 27 and
26 in seeds pre- treated with 10 ppm, seedlings sprayed with 10 ppm HA 72 hours prior

inoculation and seedlings sprayed with HA 72 after virus inoculation respectively.

Bondok and Thabet (2016) conducted an experiment where exogenous
application of HA (at 0,1 and 2g/l) and a combination of HA and riboflavin, an
antioxidant was done on tomato plants to induce systemic resistance against TMV.
Based on the estimation of phenolic compounds in the inoculated plants, a combination
of HA with riboflavin was considered a better treatment than HA alone. At that,
Nagendran et al. (2017) reported that 0.2 per cent humic acid given as soil drenching

can be practiced for managing mosaic disease in cucumber.

Additionally, Wu et al. (2016) reported that humic acid and fulvic acid
extracted and purified from soil collected in green houses, where vegetables were

grown, had antifungal properties too.

Use of insecticides and micronutrients was one of the strategies outlines by
Verghese et al. (2001) for the management of papaya ringspot disease. Dar- Non-
Wang and Ko (1975) reported that mosaic affected papaya developed deficiency of
boron resulting in deformation of fruits which could be rectified by application of 0.25
per cent borax on diseased plants. A study conducted by Lokhande and Moghe (1992)
on correlation between yield and different fruit quality traits on PRSV inoculated field
grown papaya cv. Honeydew showed highly significant result with inhibited disease
severity and improved fruit quality and yield with soil application of 200g N+100g

Lk
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P/plant in four equal splits followed by foliar spray of 1% urea+0.2% boron+50ppm
IAA @ 50, 100, 200 and 300ml spray solutions of each test chemical respectively
applied at 90 days interval starting 15 days after transplanting. A combination of 0.5
per cent zinc sulphate and 0.1 per cent boric acid when sprayed in monthly intervals

were found to improve the fruit yield and quality.

Jahir Basha (2002) reported that foliar application of boron at 0.2 per cent
delayed the symptom expression of PRSV by 3 and 5 days with 70 and 60 per cent
disease incidence, when applied before and after inoculation respectively. Under glass
house and field condition, the same treatment applied at 15 days intervals showed
promising effect with increased petiole length and reduced blister number,
distortion of leaves, vein clearing of leaf and shoestring leaf, with mild mosaic

symptoms in the seedlings of papaya cv. Solo.

Kunkalikar (2003) investigated the effect of combining insecticide with
boron and spraying boron alone. It was observed that the disease incidence was
seen 293 days after planting with a fruit yield of 9.12 kg fruit per plant on spraying
a combination of phorate and boron whereas the disease incidence occurred 292
days later with a yield of 8.92 kg fruit per plant when boron alone was sprayed.
Similarly, delayed occurrence of the PRSV disease incidence by 42 days after sowing
was also recorded by Hemavati (2005) with application of boron @1.5 g/l which may

be due to callose deposition along the lesion.

Manjunatha (2012) reported the effect of certain micronutrients and their
combinations on the incidence of PRSV in papaya variety Red Lady. The percentage
of PRSV incidence was recorded in plants which were given foliar sprays of zinc
sulphate (0.5 %), iron sulphate (0.5 %) and borax (0.1 %) at 3, 6 and 9 months after

transplanting. A gradual increase was seen in borax treated papaya plants and a disease
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incidence of 43 percent was recorded 9 months after transplanting (MAT) and a similar
trend was observed in the case of plants treated with iron sulphate and zinc sulphate
with a maximum disease incidence of 41.33 and 46.33 per cent as against 48.67 percent
in untreated control. However, combining the above three treatments in the same
concentration except for zinc sulphate @ 0.25 per cent gave a much reduced disease

incidence of 33.33 percent as against 48. 67 in untreated control.

The effect of soluble silicic acid on PRSV incidence was also studied
(Manjunatha, 2012) at different concentrations viz., Sml/l, 4ml/l and 3ml/l and the
disease incidence of 25, 26.67 and 28.33 were recorded in each concentration, 9 MAT

as against 48.67 in untreated control.

Lokesh (2014) studied the influence of micronutrients on PRSV incidence of
papaya cv. Red Lady and reported that no significant difference was recorded among
the treatments viz., borax, zinc sulphate and their combination at different
concentrations. However, the least incidence of PRSV was observed in plants applied
with borax at 0.50% + ZnSO4 at 0.25% (26.50 %) whereas the maximum incidence

was noticed in the untreated control (52.08%).

Furthermore, as a part of integrated disease management, Nagendran et al.
(2017) recommended that a spray of boron 0.2 per cent, 0.5 per cent zinc or
micronuritent mix @ 2ml/l combined with soil drenching with humic acid @ 5ml/ 1

against yellow vein mosaic disease in okra.

The effect of potassium silicate against many fungal diseases has been reported
by researchers. However, a perusal of literature shows that not much has been studied

about the effect of silicon/ silicate in controlling viral pathogens.

W
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Zellner et al. (2011) observed that most of the tobacco plants treated with 0.1
mM potassium silicate did not exhibit levels of systemic Tobacco ringspot virus
(TRSV) symptoms to the same extent as the controls, and plants grown in elevated
levels of silicon showed a delay in Tobacco ringspot virus systemic symptom
formation. It was also noticed that the foliar accumulation of silicon may be part of a
defense response in tobacco to TRSV. Silicon supplementation in cucumber plants
infected with Cucumber mosaic virus caused a shift in gene expression (Holz et al.
2014). Elsharkawy and Mousa (2015) found that silicon application to cucumber plants
significantly reduced the severity of PRSV and its accumulation in leaves. The
expression of the majority of various pathogen-related genes was meditated by silicon

treatment.
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3. MATERIALS AND METHODS

The present study on “Characterization, host range and management of Papaya
ringspot virus (PRSV)” was carried out in the Department of Plant Pathology, College
of Horticulture, Vellanikkara during 2016-2018. The details of materials and methods
are described in this chapter. The details of laboratory equipments used in the study are

given in Appendix V.
3.1 SURVEY FOR PRSV INCIDENCE AND COLLECTION OF SAMPLES

Purposive sampling surveys were conducted at selected locations of Thrissur
district, Kerala where papaya was grown commercially. The locations were,
Vellikulangara, Muringoor, Koratty, Venginissery, Melur, Pazhayanur, Puthur and
Vellanikkara (Plate 1). The observations on growth stage of the crop, the variety grown,
total number of plants, number of infected plants, per cent disease incidence, per cent
disease severity and symptoms expressed on different parts of plant were recorded. The

per cent disease incidence at each location was recorded using the following formula:

Per cent disease incidence = Number of infected plants X 100

Total number of plants observed

Based on the severity of the symptoms, the vulnerability index (V) was calculated. The

scoring was done as per the 0-5 scale developed by Bos (1982) as mentioned below:
0 = no symptom
1 = slight vein clearing, very little mottling of light and dark green colour in

younger leaves

2 = mottling of leaves with light and dark green
3 = blisters and raised surfaces on the leaves
4 = distortion of leaves
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5 = stunting of plant with negligible or no flowering and fruiting

Based on the scoring, vulnerability index (V) was calculated using the following

equation,

V = (0no + Ini + 2n2+ 3n3 + 4n4 + 5ns) x 100

nt (ne—1)
where, no, ni,. ns = number of plants in disease category 0 to 5 respectively
nt = total number of plants
nc = total number of categories
This index obtained was expressed as Per cent disease severity (PDS).
3.2. MAINTENANCE OF VIRUS CULTURE

The virus culture was maintained by repeated transfers of the virus inoculum
collected from the field to healthy plants through mechanical inoculation using 0.1 M
potassium phosphate buffer (pH 7.0) (Appendix I) and these were maintained in plant
virology glass house under insect proof conditions. This was served as inoculum for

further studies in the present investigation.
3.3. SYMPTOMATOLOGY OF PAPAYA RINGSPOT DISEASE

The types of symptoms expressed on different parts of the infected plant viz.,
leaves, petiole, fruits and stem were documented in naturally occurring field conditions
during the survey. The leaves showing typical symptoms were collected from the field
and artificial inoculation with infectious sap was carried out on healthy papaya plants
and maintained in insect proof glass house conditions. The symptoms produced on the
inoculated plants and the incubation period of the virus i.e. the number of days to

develop symptoms under artificial conditions were documented.



Plate 1: Locations of purposive sampling surveys
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3.4. HISTOPATHOLOGY OF PAPAYA RINGSPOT VIRUS DISEASE

Thin sections of healthy and infected leaves showing different symptoms
mainly, chlorosis, mottling, green island symptom and puckering were taken and
observed under the microscope to study the histological changes brought about due to

virus infection.

3.5. BIOLOGICAL CHARACTERIZATION OF THE VIRUS
3.5.1 Transmission studies

3.5.1.1. Mechanical Transmission

Virus infected papaya plants maintained in insect proof net house were used as
source of virus inoculum. Sap transmission was conducted using 0.1 M potassium
phosphate buffer (pH 7.0). Seedlings of papaya var. Red Lady were raised in polybags
under insect proof net house conditions. The leaf sample was homogenized in a pre-
chilled pestle and mortar using an equal quantity of buffer. The crude sap was filtered
using a double layered muslin cloth. The papaya plants at six leaf stage were used as
test plants and leaves were uniformly dusted with carborundum powder (600 mesh)
prior to inoculation. The filtered sap was rubbed on the leaf surface carefully using
cotton in one direction from petiole towards apex on the leaves of test plants which
were uniformly dusted with carborundum powder (600 mesh). After five minutes, the
test plants were washed with distilled water to remove excess inoculum and extraneous
particles. The inoculated plants were then kept under insect proof conditions and
monitored for symptom development. The procedure followed for mechanical
inoculation is illustrated in Plate 2. The number of infected plants were recorded and
the symptoms developed were documented upto 60 days after inoculation (DAI). The
symptomatic plants were subjected to DAC — ELISA as described in section 3.6.1. to

confirm the presence of the virus.
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3.5.1.2. Seed Transmission

Seeds were collected from infected as well as healthy papaya fruits. The seeds
were extracted, washed thoroughly under running water to remove the gelatinous
material and air-dried for one week. These were sown in pro-trays filled with a mixture
of vermicompost and coirpith in 1:1 ratio. The germinated seedlings were transplanted
in polybags kept under insect proof conditions and monitored for symptom expression
for up to 60 days. The seedlings raised from seeds of healthy and infected fruits were
subjected to DAC- ELISA as described under section 3.6.1. to confirm the presence of

virus.
3.5.2 Host range studies

The host range of PRSV was investigated by artificial inoculation of the virus
to plant species belonging to different families including common weeds seen in and
around papaya fields (Table 3). The plants were raised from healthy seeds in polybags
containing soil and vermicompost in 1:1 ratio. Virus infected papaya plants maintained
in insect proof net house were used as source of inoculum. Ten plants of each species
were sap inoculated following the same procedure as in section 3.5.1.1.and monitored
for symptom expression. An uninoculated plant was also maintained as control. The
number of infected plants were recorded and plants were monitored for the
development of symptoms for upto 60 DAI. The infection was further confirmed
through DAC-ELISA test of the symptomatic plants as described under section 3.6.1.

and by back inoculation to indicator plant Chenopodium amaranticolor.
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Table 3: List of plants used for host range studies

SI. Host Common Name Family
No.
1. | Amaranthus polygamous Green amaranthus
2. |a polygamous Red amaranthus Amaranthaceae
3. Gomphrena globosa Globe amaranth
4. | Alternanthera sessilis (weed) | Sessile joyweed
3 Chenopodium amaranticolor | Chenopodium Chenopodiaceae
6. | Momordica charantia Bitter gourd
7. Trichosanthes cucumerina Snake gourd Cucurbitaceae
8. Cucumis sativus Salad cucumber
9. | Cucurbita moschata Pumpkin
10. | Solanum lycopersicum Tomato
11. | Nicotiana tabaccum Tobacco
12. | Nicotiana glutinosa Tobacco Solanaceae
13. | Capsicum annuum Chilli
14. | Solanum melongena Brinjal
15. | Vigna unguiculata Cowpea Fabaceae
16. | Abelmoschus esculenthus Bhindi Malvaceae
17. | Musa sp. Banana Musaceae
18. | Synedrella nodiflora (weed) Cinderella weed
19. | Sphagneticola trilobata Singapore daisy
(weed) Asteraceae
20. | Ageratum conyzoides (weed) | Goat weed
21. | Cleome viscosa (weed) Tick weed Cleomaceae
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3.5.3. Electron microscopy

The morphological characters of the viral particles were studied by Electron
microscopy (EM). The symptomatic leaves of papaya were collected from the infected
plants maintained in the net house and despatched to Advanced Centre of Plant
Virology, Department of Plant Pathology, I.A.R.I., New Delhi where facility is

available.

The protocol followed for electron microscopy was leaf dip method. One
centimeter square of infected leaf tissue was taken and crushed on a clean glass slide
using 0.1 M phosphate buffer (pH: 7.0) containing one percent nicotine sulphate. A
drop of extract was placed on the carbon coated grid of the electron microscope and
allowed to stay for 2 minutes. This was followed by washing the grid with ten drops of
distilled water and staining with 2 per cent uranyl acetate. The excess stain was
removed by touching the edge of the grid with a piece of filter paper and it was
examined under transmission electron microscope. The electron micrographs of the
virus particles were taken on a plate film. The size and shape of the viral particles were

documented.
3.6. DETECTION OF PRSV BY PROTEIN BASED METHODS
3.6.1. Direct Antigen Coating ELISA (DAC — ELISA)

Protein based detection method viz., DAC — ELISA was validated. The
experiment was carried out at Advanced Research Centre for Plant Disease Diagnosis,
College of Agriculture, Vellayani. The infected leaf samples of papaya showing typical
symptoms and healthy control were tested for virus infection by DAC — ELISA using
primary antibody of PRSV obtained from DSMZ (German Collection of
Microorganisms and Cell Culture), Germany. The protocol described by Huguenot et

al. (1993) was followed for the detection.
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One gram of infected young leaf was homogenized in 5 ml of coating buffer
(carbonate buffer) (Appendix II) with a pinch of 2 per cent polyvinyl pyrolidine (PVP)
in a pre-chilled mortar and pestle under chilled conditions. The healthy plant extract

was prepared by using leaves of healthy plants to serve as control.

The homogenate was transferred to 2 ml centrifuge tubes and centrifuged at
5000 rpm for 10 min at 4°C. 100 pl of the supernatant was pipetted and dispensed into
the wells of microtitre plate (with 96 wells, Tarsons Products Pvt. Ltd.). The treatments
were replicated thrice. The plates were covered with aluminum foil and incubated at
37°C for 2 h. After incubation, the plates were washed with Phosphate Buffer Saline-
Tween (PBS- T) (Appendix II) three times, each for a duration of 3 min using an ELISA
plate washer (PW- 40, BIORAD) followed by gentle tapping on paper towel to remove
the residual liquid.100 pl of blocking solution viz., 5 per cent spray dried milk (SDM)
(Appendix II) was added to the wells and incubated at 37°C for 2 h and washed again
with PBS- T thrice, as mentioned in the previous step. The primary antibody was
diluted in PBS- T Polyvinyl pyrrolidone ovalbumin (PBS-TPO) (Appendix II) in 1:
200 dilution. 100 pl of this diluted antiserum was dispensed into respective wells and
incubated overnight at 4°C. The plates were washed again with PBS- T and then 100
ul of secondary antibody conjugated with alkaline phosphatase diluted in PBS — TPO
(1:10,000) was added into the respective wells and incubated for 2 h at 37°C. The
unbound secondary antibodies were washed thrice with PBS- T as done before. 100 ul
of freshly prepared substrate p- nitrophenyl phosphate (Appendix II) was added to each
well and incubated in dark at 37°C for 1 h for colour development. The absorbance
value was recorded at 405 nm using an ELISA reader (Microplate Reader 680,
BIORAD). The absorbance values of the test samples and healthy samples were
compared and if the absorbance values of the test samples were twice more than that

of healthy samples, the test samples were considered as positive for virus infection.
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3.7.MOLECULAR CHARACTERIZATION OF PRSV ISOLATES

The experiments on molecular characterization of the virus were carried out at
Centre of Plant Biotechnology and Molecular Biology, College of Horticulture,
Vellanikkara. The leaves showing typical symptoms were collected from different
papaya growing fields of Thrissur district (five locations) and brought to the laboratory
in ice box for RNA isolation. The collection of samples was done during early morning

and immediately kept in ice box.
3.7.1 Isolation of RNA

The total RNA of the infected sample was isolated using TRIzol reagent method
(Sigma Aldrich). All the glasswares and micropipette tips used for RNA isolation were
pre- treated overnight with 0.1 per cent diethyl pyrocarbonate (DEPC) (Appendix III)
and double autoclaved at 121° C temperature and 15 1b pressure. The infected leaf
sample collected from the field was wiped with RNase ZAP on both the sides. 100 mg
of leaf sample was then ground to fine powder using liquid nitrogen with pestle and
mortar along with a pinch of PVP and 50 pl B- mercaptoethanol. 1000 pl of TRIzol
reagent was added to homogenize the powdered tissue. This was transferred to 2ml
RNase free microcentrifuge tubes incubated until the homogenate became brown in
colour. Once the homogenate became brown, it was centrifuged at 13,000 rpm for 10
min at 4°C. The supernatant was turned to fresh 2ml centrifuge tubes. To this, 200 pl
of chloroform was added and the contents were mixed well by shaking vigorously in a
vortex mixer and incubated at room temperature for 10 min. Three separate phases
were formed when centrifuged at 13,000 rpm for 15 min at 4°C. Out of the three layers,
the colourless upper phase containing the RNA was carefully pipetted into a fresh 2 ml
microcentrifuge tube and an equal amount of isopropanol was added to this followed
by mixing slowly by inversion and incubated for one hour in ice. Then it was
centrifuged at 13,000 rpm for 10 min at 4°C. The supernatant was discarded and the
pellet was washed with 75 per cent ethanol by centrifugation at 7500 rpm for 10 min
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at 4°C. Finally, the pellet was air dried and suspended in 20 pl of autoclaved DEPC
water. Following this method, RNA was also isolated from leaf samples collected from

healthy plants which served as control.
3.7.1.1 Gel documentation

Formaldehyde agarose gel (1 %) (Appendix III) was used to check the purity
of RNA in 1X MOPS buffer (Appendix III). An aliquot of RNA sample (5 pl) mixed
with | ul of loading dye was loaded in each of the wells of the gel. The electrophoresis
was carried out at 50 V till the dye moved 5 cm from the well (BIO RAD Power Pac
HV, USA). The gel was then visualized and the image was documented using BIORAD
Molecular Imager (Gel Doc™ XR+).

3.7.1.2 Spectrophotometer analysis

The quantity and quality of RNA was determined by recording the
concentration and the absorbance values of RNA samples using NanoDrop 1000
spectrophotometer (Thermo Scientific, USA). The spectrophotometer was calibrated
to blank (zero absorbance) with 1 pl of sterile DEPC water. Then, the concentration of
the RNA samples (1 pl each) was recorded. The absorbance was recorded at 260 and

280 nm wavelength and purity was indicated by the ratio A260/230.
3.7.2 Synthesis of First Strand Complementary DNA (cDNA)

The isolated RNA was used to synthesise complementary DNA using
RevertAid First Strand cDNA synthesis kit (Catalogue No: K1621, Thermo Scientific)
as per manufacturer’s instructions. The components of the reaction mixture used are
given in Table 4. The reagents were added into sterile nuclease free polypropylene PCR
tubes on ice according to the sequential order indicated in Table 4. The contents were
mixed gently and incubated at 42°C for 60 min in PCR machine (Applied Biosystems).

This was followed by heating at 70°C for 5 min for termination.
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Table 4: Reagents used for cDNA synthesis

SI. No. | Name of the component Volume (pl)

1. RNA template 2

2. Oligo (dT)is primer 1

3. Water (nuclease- free) 9

4. 5X reaction buffer 4

5. Ribolock RNase inhibitor 20 U/ pl 1

6. 10 mM dNTP mix 2

7. Revert Aid M-MuLV RT (200u/ pl) 1
Total volume 20

3.7.3. Standardization of Polymerase Chain Reaction (PCR)

3.7.3.1. Standardization of PCR conditions for reported primers

Primer pair specific to polyprotein gene of PRSV viz., partial nuclear inclusion

b (NIb) gene, complete coat protein (CP) and 3” untranslated region (UTR) reported by

Srinivasulu and Sai Gopal (2011) (Table 5) was used for characterization of the isolates

of PRSV collected from Thrissur district.

Table 5: Details of the reported primers used for amplification

Primer Sequence (5°-3’) Length | Tm value(°C)
PRSV -F | ATCACAATGTATTACGC 17 bp 48.1
PRSV-R | CTCTCATTCTAAGAGGCTC | 19bp 53.0

PCR was carried out in PCR thermo Cycler (Applied Biosystems) by using the

reported primers. The dilution of cDNA was also standardized and the reaction was

done at four different dilutions of cDNA viz., 1:1, 1:0.5, 1:0.25 and 1:0.1.The reaction



42

was carried out at 45, 46, 47, 48, 49 and 50°C in order to standardize the annealing
temperature using Veritiflex program in Applied Biosystems PCR Thermo Cycler. The
best annealing temperature and dilution of cDNA was selected based on the quality of

the band obtained during gel documentation.

The components of the reaction mixture used for PCR is presented in Table 6.
After the preparation of the reaction mixture, these were mixed gently in a mini spinner

and PCR was carried out.

Table 6: Components of reaction mixture used for PCR

S1. No. Component Quantity (pl)

1. Template cDNA (44.40 - 54.40 ng/ul) 2

2. 10X PCR buffer (with 1.5mM MgCl.) 3

3. dNTP mixture (2.5mM each) 3

5. Forward primer 1

6. Reverse primer 1

7. Tag polymerase 1

8. Water 19
Total reaction volume 30

3.7.4. PCR amplification profile

Once the dilution of template cDNA and annealing temperature of reaction

program was standardized, RT- PCR was carried out as follows:

Initial denaturation - 94° C - 5 min

Denaturation - 94°C-30sec
Annealing - 45°C-45 sec 35 cycles
Extension - 72°C-2min

Final extension - 72°C-15min
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Control reaction with healthy samples was also carried out to differentiate the infected

isolates and to confirm the presence of virus in them.
3.7.4.1.. Gel Documentation of PCR products

Once the reaction was over, the PCR products were analyzed on 1.2 per cent
agarose gel prepared in 1 X TAE buffer (Appendix IV) containing 0.5ug/ ml ethidium
bromide. 5 pl of PCR product was loaded into the well with 1 ul of tracking dye. 100
bp plus DNA ladder (Thermo Scientific, USA) was loaded in one well to compare the
size of the PCR product. Electrophoresis was done at 80 V power supply with 1X TAE
buffer as electrophoresis buffer till the dye moved 8 cm from the well. The amplified
product was visualized and the image was documented using BIORAD Molecular

Imager (Gel Doc™ XR+).
3.7.5. Sequencing

The amplified PCR products were sent to Agri Genome, Kochi for purification
and sequencing. The sequence information of the amplified gene fraction was further

analyzed using various bioinformatic tools for the characterization of virus isolates.
3.7.6. In silico analysis of sequences
3.7.6.1. Homology search

The sequences generated in this study were compared with the PRSV sequences
coding for NIb and CP regions available in the National Centre of Biotechnology
Information (NCBI) database using BLAST tool. Nucleotide BLAST (BLASTn) was
carried out for the viral sequences to find out the best aligned sequences available in

NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
3.7.6.2. Amino acid analysis

The amino acid sequences were deduced using ExPASy translate tool

(http://web.expasy.org/cgi-bin/translate). The amino acid sequences were subjected to
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protein blast in order to assess the identity percentage with reported sequences of PRSV

isolates available on NCBI database.
3.7.6.3. Phylogenetic analysis

The nucleotide sequences of the five PRSV isolates generated in this study were
aligned with gene sequences of 21 other PRSV isolates from different geographical
regions in India and elsewhere whose sequences were retrieved from NCBI database
(Table 7). The alignment of sequences was done using Clustal W program available in
MEGA 7.0 software. The phylogenetic analysis of the aligned sequences was
conducted using MEGA 7.0 software by constructing phylogenetic tree by Neighbor -
joining method (Saitou and Nei, 1987).
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Table 7: Details of selected nuclear inclusion b and coat protein sequences of

PRSYV isolates used for phylogenetic analysis

SI. | Accession Isolate Host Source Reference
No | No. Name
1. | DQ666640.1 | KE-Ca Calicut
2. | DQ666641.1 | TA-Ti Tiruvallur
3. | DQ666638.1 | AP-Ko Kovvur
4. | DQ666639.1 | KA-Gu Papaya Gulbarga Srinivasulu and Sai
5. | AY839864.1 | AP-Te Hyderabad | Gopal, 2011
6. | AY839863.1 | AP-Ra Rly Kodur
7. | AY839865.1 | KA-Ho Hospet
8. | AF323637.1 | PRSV-AP Papaya Andhra Roy,G. and
Pradesl Jain,R K.,
unpublished data,
9. | AF323638.1 | PRSV-UP Uttar 2000, unreferenced
Pradesh
10. | KP161501.1 | TN TDV | Snake Tindivana | Nagendran,K.,
Mohankumar,S.,
501 gourd m Keerthana,U.,
11. | KP161500.1 | TN Pumpkin Mettur Naidu,R. and
Karthikeyan,G.,unp
METPUMI ublished data,
2014, unreferenced
12. | KP161498.1 | TN  NGK | Cucumber | Nagercoil | NagendranK.,
Cucu2 Mohankumar,S.,
Priyanka,R.,
13. | KP161494.1 | TN  NGK | Pumpkin | Nagercoil | Naidu,R.A. and
. Karthikeyan,G.,
FURMI unpublished data,
14. | KP161495.1 | TN  NGK | Pumpkin | Nagercoil | 2014, unreferenced
PUM2
15. | KP161499.1 | TN  UDU | Ridge Udumalpet
RGI gourd

W
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16. | LC331253.1 Clitoria West Sultana ef al., 2018
ternatea Bengal

17. | 1X661505.1 | PK- Dar 3 Papaya Pakistan Naseem et al., 2013

18. JXO24999.1 TJ11

19. | X67672.1 PRSV-HA | Papaya China Yeh et al., 1992

20. | KX904879.1 | Jinan Zucchini | China Cheng et al., 2017

21. | AB044341.1 | R175P Cucumber | Taiwan Maoka, T. and

Noda,C.,
unpublished  data,

2000, unreferenced

3.8. MANAGEMENT OF PAPAYA RINGSPOT DISEASE (PRSD)

formulations against PRSD was evaluated under pot culture conditions. The
experiment was conducted in an insect proof net house, Department of Plant Pathology,
COH, Vellanikkara from October 2017 to January 2018. The most popular and widely
grown variety Red Lady which was found to be very susceptible to the disease during

the survey was selected to test the efficacy of different treatments in this experiment.

The effect of different chemicals, plant extracts, micronutrients and microbial

The experimental details were as follows:

Design: Complete Randomized Design

No. of treatments: 14

No. of replications: 3

No. of plants per replication: 3

Variety: Red Lady

W
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Potting mixture to fill the growbags were prepared by mixing soil, cowdung
and coirpith in the ratio 1:1:0.5. One month old healthy seedlings of variety Red Lady
were transplanted into these growbags. The general view of insect proof net house

where the pot culture experiment was conducted is given in Plate 3.

One month after planting, once the plant established itself in the pot, the
application of treatments was carried out. The methods of application followed for all
treatments were foliar spraying and soil drenching. 1 week after the first application,
the plants were subjected to challenge inoculation of PRSV by sap transmission as
described in section 3.5.1.1. using the inoculum maintained in the insect proof net
house. The second round of treatment application was done two weeks after the first
application. Likewise, the application of treatments were carried out thrice at
fortnightly intervals. The treatment details of pot culture experiment is given in Table

8. The plants were observed daily and monitored for symptom development.

The per cent disease severity was recorded at weekly intervals from the day of
first appearance of symptoms. This was calculated based on the 0-5 scale developed by
Bos (1982) as mentioned in section 3.1. The biometric characters like the plant height
and mean girth of the stem were also recorded after every spray. The effect of different
treatments on chlorophyll content was assessed using SPAD meter two weeks after the
final application. Furthermore, following the final application, the apical leaves from
each treatment were subjected to DAC- ELISA as mentioned under section 3.5 in order
to record the effect of each treatment on the virus titre. The atmospheric temperature
(maximum and minimum) prevailing at the time of experiment was recorded and

tabulated at weekly intervals (Appendix VI).

Statistical analysis i.e. analysis of variance (ANOVA) was performed for the
data obtained from this experiment using Web Agri Stat Package (WASP 2.0).
Appropriate transformation of data was carried out as required (Gomez and Gomez,

1984).
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Table 8: Treatment details of pot culture experiment

Treatment Treatment details
Tl Salicylic acid - 0.15 gL!
T2 Acetyl salicylic acid - 0.15 gL”!
T3 Pseudomonas fluorescens - 2%
T4 PGPR mix II- 2%
TS5 Lecanicillium lecanii - 2%
T6 Mirabilis jalapa - 10 % leaf extract
T7 Bougainvillea spectabilis - 10 % leaf extract
T8 Perfekt - 0.1%
T9 Micronutrient formulation Sampoorna - 1%
T10 Solubor - 1%
T11 Humic acid - 0.2%
T12 Potassium silicate -0.3%
T13 Solubor - 0.1%
T14 Untreated control
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4. RESULTS

The results of the project “Characterization, host range and management of
Papaya ringspot virus (PRSV)” carried out during 2016- 2018 are presented in this
chapter.

4.1. SURVEY FOR DISEASE INCIDENCE AND COLLECTION OF SAMPLES

During 2016 - 2018, purposive sampling surveys were carried out in different
locations of Thrissur district where papaya was grown commercially. A total of 9
different fields were surveyed. During the survey, the growth stage of the crop,total
number of plants, number of plants infected, per cent disease incidence and per cent
disease severity were recorded. The results are given in Table 9. The predominant
variety cultivated in the fields surveyed was Red Lady which was found to be highly
susceptible. During the survey, the samples were also collected from infected plants

and brought to the laboratory for further studies.
4.1.1. Assessment of disease incidence and disease severity

During the survey, distinct symptoms observed on different plant parts were
documented which is detailed under section 4.3. Among the various fields surveyed,
maximum per cent disease incidence (PDI) was recorded in Vellikulangara (99.60%)
followed by 98 per cent in Koratty and Venginissery on variety Red Lady. The least
disease incidence (25%) was recorded in one of the plots in Muringoor where the same

variety was cultivated.

The per cent disease severity (PDS) was expressed by calculating the
vulnerability index which was calculated in accordance to the 0-5 scale developed by
Bos (1982) as mentioned under section 3.1. The highest PDS (96.67%) was recorded
in Puthur followed by 65.7 per cent in Koratty and Venginissery. The PDS recorded in
three different plots of Muringoor was 63.67, 46.33 and 39.33 per cent in plot 1, 2 and
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3 respectively. Even though the PDI recorded at Vellikulangara was very high, the

severity was found to be comparatively low indicated by a PDS of 48.67 per cent.

During the purposive sampling survey conducted at Melur, the PDI and the PDS
recorded were 39.28 and 40 per cent respectively on variety Red Lady. At Pazhayanoor,
the disease was found to be quite severe with a PDS of 55 per cent and 71.24 per cent

of the plants observed were found to be infected.

A roving survey was also conducted in KAU main campus at Vellanikkara and
a PDI of 81.8 per cent was recorded with a PDS of 58.18 per cent. Here, both Red Lady
and another local variety were observed for symptoms. Both Red Lady and the local

variety were infected with the virus.
4.2. MAINTENANCE OF VIRUS CULTURE

The leaf samples of the infected plants showing typical symptoms were
collected in polythene covers during the survey and brought to the laboratory. This was
used as a source of virus inoculum and was mechanically inoculated to healthy papaya
plants maintained in insect proof plant virology glass house, Department of Plant
Pathology. Repeated transfers to healthy plants of papaya variety Red Lady were
conducted and the virus culture was maintained and used as a source of inoculum for

further studies (Plate 4).
4.3. SYMPTOMATOLOGY

The symptoms of the disease expressed on different parts of the papaya plant
viz., leaf lamina, leaf veins, petiole, stem and fruits under natural conditions were
documented during the survey. The symptoms expressed on healthy papaya seedlings

following artificial inoculation were also documented.
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Plate 4: Maintenance of PRSV culture
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4.3.1. Symptoms Observed Under Natural Conditions

~ Different types of symptoms were observed on the leaves under natural

conditions.

Mottling was one of the most common symptoms observed. The symptom was
equally prominent on old as well as young leaves. Here, the leaves were presented with
an irregular distribution of dark and light green areas over the entire lamina (Plate 5a,
Fig. A). The leaves also exhibited Very small chlorotic spots of size ranging from 1 to
4 millimeter all over the leaf lamina in a scattered manner (Plate 5a, Fig. B). This
symptom was seen both on old and young leaves. On some leaves, these spots were
found to be coalesced giving an overall mosaic appearance to the leaves (Plate 5a, Fig.
) 'Depending on the severity of infection, the leaves showed either a dark green or
pale green appearance. On plants with mild incidence, fewer chlorotic spots were
observed on leaves which still appeared green. However, on severely affected plants,
more spots were observed and the leaves turned yellowish green in colour. This type
of symptom was documented on older leaves. Furthermore, these leaves were found to

be more or less rugose in texture.

The infected leaves also showed wavy margins which were very conspicuous.
This type of symptom was more pronounced on older leaves (Plate 5a, Fig. D).
Additionally, such leaves also exhibited chlorotic mottling. This symptom was

observed in severely stunted plants during the survey.

Another symptom observed both on young and old leaves was puckering. Here,
the leaf lamina consisted of blisters or raised portions or areas with bulging of tissue
(Plate 5b, Fig. A). This was observed as an initial stage of malformation of leaves. The
old leaves exhibiting puckering symptom appeared either dark green or pale green and

these were rough in texture compared to healthy leaves (Plate 5b, Fig. B).

Appearance of green islands was also clearly visible on leaves of PRSV infected

plants. This symptom was predominantly expressed on older leaves as irregularly

N
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distributed areas of increased and decreased chlorophyll content. The leaves presenting

this symptom had their lobes malformed (Plate 5b, Fig. C).

In papaya fields were high PDS was recorded, majority of the leaves were
malformed to a greater extent. The veins of the malformed leaves were found to be
very thick in comparison to the veins of healthy leaves. Moreover, those veins clustered

together leading to the malformation of leaf lobes (Plate 5b, Fig. D).

The malformation of the leaf was found to initiate from the central lobe (Plate
~ 5c, Fig. A). The lamina of malformed leaves was highly reduced (Plate 5c, Fig. B). In
severe cases, the leaf lamina was completely reduced which became extremely filiform
giving a shoestring appearance (Plate Sc, Fig. C). The plants showing this symptom
was more or less stunted. The newly emerging leaves of such plants were also found to
be puckered and malformed (Plate Sc, Fig. D). In some cases, all the above mentioned
symptoms were seen on the leaves as a complex leading to a severe reduction in yield

(Plate 5d, Fig. A, Fig. B)

On the petioles of the infected leaves, elongated oily streaks were observed.
The streaks were 2 to 4 cm in length and were congregated at the end of the petiole i.e.
the region adjacent to the stem (Plate Se, Fig. A).The petioles of the affected leaves
also showed abnormal elongation leading to a twisted appearance (Plate Se, Fig. B).
On the upper half of the stem viz. the green region, oily irregular broken rings of

diameter ranging from 2.5 to 3 cm were present in a scattered manner (Plate 5f).

The affected fruits showed typical ringspot symptom. These were either
concentric or broken and the number ranged from few to many depending on the
infection (Plate 5g, Fig. A). The size of the ringspot ranged from 8 mm to 1.5 cm. The
ringspots remained on the fruit even after the fruits ripened. However, the ripening was
uneven (Plate 5g, Fig. B). In some cases, instead of forming a ring, the fruits showed
oily streak-like lesions in a disorganized fashion (Plate Sh, Fig.A). The severely

affected fruits were completely distorted (Plate 5h, Fig. B) and were of no economic

A6



Plate 5a: Symptoms under natural conditions: On leaves (A) Mottling (B) Chlorotic spots
(C) Chlorotic spots coalesce to produce mosaic appearance (D) Wavy margins on

older leaves



Plate Sb: Symptoms under natural conditions: On leaves (A) Puckering

(B) Rugosity (C) Green islands (D) Vein thickening



Plate Sc: Symptoms under natural conditions: On leaves (A) Initiation of

malformation from the central lobe (B) Completely malformed leaf

(C) Shoestring symptom (D) Newly emerging malformed leaves



Plate 5d: Symptoms under natural conditions: Complex of symptoms on leaves
(A) Vein thickening, puckering and leaf malformation (B) Puckering and
shoestring symptom

Plate Se: Symptoms under natural conditions: On petiole (A) Elongated oily

streaks



Plate 5g: Symptoms under natural conditions: On fruits (A) Oily ringspots on green

fruits (B) Uneven ripening and oily ringspots



Plate 5h: Symptoms under natural conditions: on fruits (A) Oily streak-like lesions

(B) Distortion (C) Bumps on fruits



54

value. Moreover, the surface of the affected fruits was rough and consisted of bumps

(Plate 5h, Fig. C).

Tapering was observed in the crown region of the infected plants. The newly
developing leaves in the canopy expressed rosetting (Plate 51, Fig. A). In certain cases,
the plants produced flowers and mature ripe fruits even though these were infected with
the virus, which was evident from the oily ringspots on the fruits. Nevertheless, some
plants failed to yield fruits which was accompanied by severe stunting (Plate 5i, Fig.
B). Plants infected in seedling stage presented severe stunting and significant reduction
in the girth of the stem (Plate 51, Fig. C). In severely infected plants, the fruits produced
did not develop into mature ones and showed high degree of distortion as already
mentioned above. Under severe conditions, almost 100 per cent defoliation was
observed giving a denuded appearance to the plant finally leading to its death (Plate 51,
Fig. D).

4.3.2. Symptoms Observed Under Artificial Conditions

The expression of symptoms following artificial inoculation of PRSV was
studied on seedlings of papaya var. Red Lady in its primary leaf stage. The plants
started expressing symptoms 14 days after inoculation (DAI). Initially, the leaves
turned to pale green colour indicating initiation of chlorosis (Plate 6a, Fig. A) and in
some cases, mild chlorotic spots were also seen as initial symptom (Plate 6a, Fig. B).
Eventually, 20 DAI, the entire leaf turned chlorotic. On some leaves, vein clearing was
also observed in leaves after the leaves turned pale green (Plate 6a, Fig. C). From 25 -
30 DAI, mottling was observed on leaves accompanied by initiation of malformation
of leaves (Plate 6a, Fig. D). Wavy margins was also observed on mottled leaves (Plate
6b, Fig. A). Subsequently, puckering was observed on the leaves leading to severe
distortion 30 to 35 DAI (Plate 6b, Fig. B). Malformation was observed on the leaves
55 to 60 DAI and it initiated from the central lobe (Plate 6b, Fig. C). Subsequently, the

malformation progressed to other lobes leading to reduction in leaf lamina (Plate 6b,

o



Plate 5i: General symptoms on infected plants (A) Rosetting of leaves in canopy

(B) Stunting of infected plant (C) Infected seedling (D) Premature defoliation
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Fig. D). Furthermore, the newly emerging leaves at this stage was also found to be
malformed (Plate 6¢c, Fig. A). Complete reduction in leaf lamina giving a shoe string
appearance was observed 75 to 80 DAI (Plate 6¢, Fig. B). On the stem, oily spots of
size 2 to 4 mm diameter were present (Plate 6¢, Fig. C). This was observed about 60 to

70 DAL The inoculated plants also showed stunting to a certain extent.

With the rise in temperature during summer season, a significant masking of
symptoms was evident on the infected plants. The plants appeared healthy and the
newly developing leaves did not show any signs of the disease. However, the fall in
temperature soon after the monsoon started led to the reappearance of the symptoms
which became very severe as they were earlier. Furthermore, artificial inoculation of
the seedlings of the same variety and the same growth stage in summer when the
atmospheric temperature was high, failed to express symptoms when maintained under
same conditions. When a new set of seedlings were inoculated during the monsoon
season when the atmospheric temperature was comparatively lower, the seedlings

started expressing symptoms again exactly 14 DAL
4.4. HISTOPATHOLOGY OF PAPAYA RINGSPOT VIRUS DISEASE

An attempt was made to study the histological changes in foliar tissue of papaya
due to infection of PRSV. The microscopic examination of thin sections of leaves
showing different symptoms was done and the results are given in Table 10. The
microscopic observations revealed changes in the anatomy of the tissue. Comparative

analysis was done by simultaneously observing the leaf section of healthy tissue.

In the leaves which presented chlorosis symptom, the parenchyma was
disorganized and the chloroplasts were found to be completely disintegrated in contrast
to the well-organized palisade parenchyma consisting of plenty of intact chloroplasts
in the healthy leaf (Plate 7a, Fig. A, Fig. B). In leaves with green island symptom,
plenty of chloroplasts were found to be suspended in some of the cells of the lower

epidermis while less number were seen in some other cells. It also showed presence of

W3



Plate 6a: Symptoms under artificial conditions (A) Mild chloroesis (B) Chlorotic spots
(C) Vein clearing (D) Mottling



Plate 6b: Symptoms under artificial conditions (A) Wavy margins (B) Puckering
(C) Initiation of malformation from central lobe (D) Progression of

malformation to other lobes



Plate 6¢c: Symptoms under artificial conditions (A) Malformation of newly

developing leaves (B) Shoestring symptom (C) Oily spots on the stem
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druses or crystalline bodies in the spongy mesophyll cells (Plate 7b, Fig. A). The leaves
in which typical motthng symptom was observed, the palisade cells were disrupted in
contrast to the healthy leaf. Disintegration of chloroplasts can be seen in some cells of
the parenchyma. Some of the cells of lower epidermis were found to be large and some
of them were irregular in shape (Plate 7b, Fig. B). The leaf sections of puckered leaves
showed hyperplasia of cells. Moreover, the palisade cells appeared irregular in outline
(Plate 7c, Fig. A). In general, the palisade parenchyma of infected leaves was
disorganized and showed an irregular shape against the regular columnar shape seen in
healthy leaves. The palisade cells and the spongy mesophyll cells were deformed and

it was difficult to distinguish.

4.5. BIOLOGICAL CHARACTERIZATION OF THE VIRUS
4.5.1. Transmission Studies

4.5.1.1. Mechanical Transmission

The experiment was conducted on seedlings of susceptible papaya variety Red
Lady in primary leaf stage raised under insect proof net house conditions as mentioned
in section 3.5.1.1. The results revealed that PRSV is readily transmitted to healthy
plants through sap and 100 per cent transmission rate was recorded. The symptoms
developed following mechanical inoculation included mild chlorosis, chlorotic spots,
vein clearing, mottling, puckering, leaf malformation and shoestring symptoms on
leaves. Oily spots on stem were also observed following artificial inoculation. The
symptomatology under artificial conditions is already explained in detail under section
4.3.2. The ELISA test conducted on test plants confirmed the presence of PRSV. The
details of the number of plants infected and transmission percentage are given in Table
11 and the symptoms developed after mechanical transmission are depicted in Plate 6a

-6¢.
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(A) Healthy leaf: 1) Well organized parenchyma with regular columnar shape

2) Spongy cells regular in outline 3) Numerous chloroplasts suspended in cytoplasm

(B) Chlorosis symptom: 1) Malformed palisade parenchyma

2) Disintegrated mass of chloroplasts in cytoplasm

Plate 7a: Histopathological changes due to virus infection



(A) Green island symptom: 1) Presence of crystalline bodies

2) Increased number of chloroplasts in some cells of lower epidermis

(B) Mottling symptom: 1) Disruption of palisade cells

2) Irregular shape of lower epidermal cells 3) Disintegration of chloroplasts

Plate 7b: Histopathological changes in leaf due to virus infection



(A) Puckering symptom: 1) Hyperplasia of cells

2) More number of chloroplasts concentrated in some cells

Plate 7¢: Histopathological changes in leaf due to virus infection
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4.4.1.2. Seed Transmission

The seeds of infected fruits were tested for the presence of PRSV. None of the
seedlings raised from seeds of infected fruits expressed symptoms up to 60 DAS. The
absence of the virus was confirmed using DAC- ELISA as described under section

3.6.1.The results of the study are presented in Table 12.
4.5.2. Host Range Studies

In the present investigation, 21 plants belonging to 6 families were tested for
their susceptibility to PRSV through mechanical inoculation under insect proof net
house conditions. Out of these, only five plant species expressed visible symptoms.
The results of the host range experiment is detailed in Table 13. The infection was
further confirmed through ELISA test of the symptomatic plants and also by back

inoculation to indicator plant Chenopodium amaranticolor.

The results revealed that, other than Caricaceae, the host range of PRSV was
limited to 2 families viz., Chenopodiaceae and Cucurbitaceae. When C. amaranticolor
was inoculated with virus inoculum from infected papaya plants, the leaves exhibited
local lesions in the form of mild chlorotic spots 8 to 10 DAI all over the leaf lamina.
Pinpoint necrotic lesions were observed 12 to 14 DAI (Plate 8a, Fig. A). Very distinct
chlorotic spots were observed on inoculated leaves 21 DAI (Plate 8a, Fig. B). No
systemic symptoms were observed on these plants on further monitoring. The data

revealed 40 per cent of transmission of PRSV to C. amaranticolor.

Four plant species belonging to Cucurbitaceae were studied viz., Trichosanthes
cucumerina (snakegourd), Momordica charantia (bittergourd), Cucurbita moschata

(pumpkin) and Cucumis sativus (cucumber).

Snakegourd produced local symptoms like necrotic local lesions on the

inoculated leaves 12 to 14 DAI (Plate 8a, Fig. C). The size of the necrotic lesions

0



Symptoms on Chenopodium amaranticolor (A) Pinpoint necrotic lesions (B) Distinct chlorotic spots

Symptoms on snake gourd (C) Necrotic local lesions with chlorotic halo

Plate 8a: Host range of PRSV
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developed ranged from | mm which were pinpoint in size to 8 mm. The lesions were
surrounded by a chlorotic halo. The plants did not exhibit any kind of systemic
symptom up to 60 DAI. Back inoculation of the leaves symptomatic leaves of snake
gourd to C. amaranticolor failed to produce local lesions. The percent transmission of
PRSV recorded in snakegourd was 60 per cent. DAC- ELISA conducted with

symptomatic leaves of snakegourd failed to give positive reaction.

On mechanical inoculation of PRSV to bittergourd, systemic symptoms were
produced 14 DAL Initially, a discolouration was observed on the leaves presenting an
uneven appearance of dark and light green areas (Plate 8b, Fig. A). In some plants, mild
chlorotic spots were developed on the apex of the leaf lamina 14 DAI (Plate 8b, Fig.
B). The apical leaves also expressed puckering 22 - 25 DAI (Plate 8b, Fig. C). Cent per
cent transmission of PRSV was recorded in bittergourd. Back inoculation of
symptomatic leaves to C. amaranticolor developed pinpoint necrotic lesions and mild
chlorotic spots on the inoculated leaf 14 to 17 DAI (Plate 8b, Fig. D). The presence of
virus was confirmed by positive reaction obtained by conducting DAC-ELISA of the
test plants.

Systemic symptoms were also observed in case of cucumber inoculated with
PRSV. The incubation period of the virus was 14 days. Initially, the leaves gave a pale
green appearance indicating mild chlorosis 14 DAI (Plate 8c, Fig. A). Additionally,
distinct chlorotic spots began to appear on the leaves 21 DAI (Plate 8c, Fig. B). In few
inoculated cucumber plants, vein clearing was also observed 25 - 27 DAI (Plate 8c,
Fig. C). The results revealed 100 per cent transmission of PRSV to cucumber plants.
The infection was further confirmed through back inoculation of cucumber to C.
amaranticolor which produced pinpoint necrotic lesions on the inoculated leaves 12
DAI (Plate 8c, Fig. D). The presence of PRSV was also confirmed through DAC-
ELISA of the symptomatic cucumber leaves.

S
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In the case of pumpkin, systemic symptoms were produced in the form of mild
chlorosis on the leaves 14 DAI (Plate 8d, Fig. A). The leaves later exhibited mottling
with irregular distribution of areas of dark and light green 25 to 27 DAI. Puckering was
also seen on the leaves 27 DAI (Plate 8d, Fig. B). Back inoculation to C. amaranticolor
produced mild chlorotic spots. Pinpoint necrotic lesions were also observed (Plate 8d,

Fig. C). The transmission percentage recorded in case of pumpkin was 50 per cent.

Among the 21 species of plants tested for host range, only members of
Chenopodiaceae and Cucurbitaceae were found to be the hosts of PRSV. Other 16 plant
species belonging to Amaranthaceae, Fabaceae, Solanaceae, Malvaceae, Asteraceae,

Musaceae and Cleomaceae which were tested for host range did not develop any visible

symptoms.

4.5.3. Electron Microscopy

Electron microscopy was done by leaf dip method using JEOL CX- 100
electron microscope at Advanced Centre of Plant Virology, I.A.R.I., New Delhi. The
leaf dip samples were prepared using negative stain, uranyl acetate (2%) (pH: 4.5) from
infected putative papaya leaves. The electron micrographs revealed the presence of
typical flexuous rod particles. The particles were of 807.74 nm in length and 12 nm in
width (Plate 9).

Based on the size and shape of the particles, the virus responsible for the
symptom development in papaya was identified and confirmed as Papaya ringspot

virus, which possess (+) ssRNA belonging to genus Potyvirus, family Potyviridae.
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4.6. DETECTION OF PRSV BY PROTEIN - BASED METHOD
4.6.1. Direct Antigen Coating ELISA (DAC - ELISA)

The seriodiagnostic detection of PRSV was carried out at Advanced Research
Centre for Plant Disease Diagnosis, College of Agriculture, Vellayani. The antiserum
was purchased from DSMZ, Germany. Healthy and suspected symptomatic leaves of
papaya plant were used to perform DAC- ELISA. The titre of antiserum used for the
study was 1: 200 which was standardized by Krishnapriya (2015). In the present
investigation, fhe serodiagnostic detection of PRSV was validated. The absorbance
values were recorded at 405 nm in Microplate Reader, 680 (BIORAD) for healthy and
suspected samples. The values recorded in infected samples were more than twice the
value recorded in healthy samples. This clear distinction in the absorbance values
indicated that the suspected sample is infected with PRSV and the PRSV specific
primary antibody gave high reactivity (Plate 10, Table 14).

Table 14: DAC ELISA: Absorbance value at 405 nm

Sample Sample 1 Average Sample 2 Average
| Blank 0.103 0.129 0.131 0.164
0.148 0.188
0.136 0.173
Healthy 0.196 0.212 0.258 0.222
0.233 0.211
0.208 0.198
Infected 1.217 1.218 1.131 1.114
1.211 1.117
1.227 1.095




Plate 9: Electron micrographs depicting flexuous rod shaped particles (807.74 x 12nm)

Plate 10: Detection of PRSV by DAC- ELISA. Healthy: A (1,3,5), B (1,3,5); Infected: C(1-6),
D (1-6); Blank: E (1-6)
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4.7. MOLECULAR CHARACTERIZATION OF PRSV

Molecular characterization studies of five isolates collected from Thrissur
district was undertaken. Total RNA was isolated from the virus infected plant, followed
by cDNA synthesis. Amplification of partial nuclear inclusion b (NIb) and coat protein
(CP) gene was carried out using PRSV specific primers. The amplicons obtained in
PCR was outsourced to Agri Genome, Kochi for sequencing. The sequences of the
different isolates obtained were subjected to phylogenetic analysis. The isolates were

named according to the location from which the leaf sample was collected.
4.7.1. Isolation of RNA

Electron microscopic studies revealed that the virus in the present study is a
single stranded (ss) RNA virus belonging to Potyviridae. In order to carry out
molecular detection, the isolation of total RNA was carried out from the leaf samples
of infected and healthy papaya plants using TRIzol reagent method. The total RNA
obtained was quantified using Nanodrop spectrophotometer. The concentration and the
absorbance ratios of the RNA isolated are given in Table 15. The RNA with an
absorbance value (A 260280) greater than 1.8 was considered as good quality RNA. Gel
documentation of the total RNA isolated was done under BIORAD Molecular Imager,
(Gel Doc™ XR+) and the gel image revealed three distinct rRNA bands with no
apparent degradation of RNA (Plate 11).

4.7.2. Synthesis of First Strand Complementary DNA (cDNA)

The virus in present investigation was confirmed as ss RNA virus. Hence, for
detection of the virus at molecular level through PCR, reverse transcription was
performed first to convert RNA to cDNA. The conversion of RNA to ¢cDNA using
Revert Aid First Strand cDNA synthesis kit is described under section 3.7.2. The cDNA
obtained was quantified and the ratio of the absorbance value (A0 280) was recorded

to assess the purity of cDNA (Table 16).
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Table 15: Yield and absorbance ratio of total RNA isolated from leaf samples

Location Isolate RNA vyield (ng/ pl) | Purity of RNA(Az260/280)
Vellanikkara VK -1 1735.1 1.97
Koratty KR -2 1651.8 1.98
Melur ML -3 1429.7 2.06
Pazhayanur PZ -4 1236.5 2.09
Puthur PT -5 1699.9 1.95

Table 16: Quantity and quality of cDNA
Isolate Concentration (ng/ pl) Absorbanca ratio
(A 260/280)
VK -1 1601.8 1.64
KR -2 1544.6 1.98
ML -3 1462.8 2.09
PZ -4 1588.3 1.89
PT -5 13325 1.96

4.7.3. Standardization of Reverse Transcriptase -Polymerase Chain Reaction

(RT-PCR)

RT-PCR conditions such as dilution of template ¢cDNA and annealing

temperature were standardized simultaneously and the results are given below.
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4.7.3.1. Standardization of Template cDNA Dilution

RT-PCR was carried out at different dilutions of the cDNA template. Good
quality bands were obtained in 1:1 dilution of cDNA. No amplification was observed
in other dilutions (Table 17). The concentration of cDNA at which amplification was

obtained ranged from 44.40 - 54.40 ng/pl.
4.7.3.2. Standardization of Annealing Temperature

The annealing temperature was determined by performing gradient PCR.
- Amplification was observed at 45° C. There was no amplification at 46, 47, 48, 49 and
50°C (Table 18) (Plate 12)

Table 17: Effect of dilutions of template cDNA on RT-PCR amplification

__Template cDNA Nature of amplification
dilutions
) 1.1 Amplified with good quality bands
1:0.5 No amplification
1: 0.25 No amplification
1: 0.1 No amplification

Table 18: Standardization of annealing temperature for RT-PCR

Temperature Result
45°C Amplified with good bands
46°C No amplification
47°C No amplification
48°C No amplification
49°C No amplification
50°C No amplification
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Plate 11: Total RNA isolated from leaf samples: Lane 1- 5: Infected isolates - VK1, KR-2,
ML-3. PZ-4 and PT-5 Lane 6: Healthy control
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Plate 12: Standardization of annealing temperature: Lane 1: 100 bp plus Generuler DNA
ladder; Lane 2: 50°C; Lane 3: 49°C; Lane 4: 48°C; Lane 5: 47°C; Lane 6: 46°C;

Lane 7: 45°C
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4.7.4. Detection of PRSV by RT-PCR

RT- PCR was carried out using reported primers (Srinivasulu and Sai Gopal,
2011), as mentioned under section 3.7.3. The mastermix composition described under
section 3.7.3. was followed for carrying out the rection. The reaction yielded amplified
products of expected size 1700 bp which was visualized after gel documentation. The
gel electrophoresis was carried out using 1.2 per cent agarose in 1 X TAE buffer. Thick
bands were visualized and documented in infected isolates which indicated the

presence of virus. No band was present in case of healthy control (Plate 13).
4.7.5. Sequencing

The PCR products obtained were sent to Agri Genome, Kochi for purification
and sequencing. The nucleotide sequences of the five isolates obtained are presented

n Fig‘. la- le.
© 4.7.6. Sequence Analysis

The nucleotide sequences of five isolates obtained were analyzed using
nucleotide BLAST and it showed significant sequence similarity to reported NIb and
 CP gene sequences of PRSV in NCBI data bank. BLAST analysis of nucleotide

sequences confirmed the presence of virus.

The amino acid sequences were deduced from nucleic acid sequences using
ExPASy translator tool and the amino acid sequences of five isolates varied from each
other with respect to the number of amino acids present in each sequence (Fig. 2a -2e).
Protein BLAST analysis revealed that amino acid sequences of present study showed

similarity to sequences in NCBI data bank.
4.7.6.1. In silico Analysis of PRSV Isolate - VK-1

Nucleotide BLAST of the sequence of isolate VK-1 revealed maximum
sequence similarity (90%) to PRSV isolate KE- Ca (DQ 666640.1) from Calicut,

o\



1700 bp =

Plate 13: Gel profile of PCR products: Lane 1: 100 bp plus Generuler DNA ladder;
Lane 2-6: PRSV isolates showing amplified product of 1700 bp; Lane 7:
Healthy control



5’ACGCAACTTTTTCGGTCGTAGATTCAAGAAGAGATGTGTGTGTTTTATATCA
ATGGTGATGATCTCTGTATCGCCATTCACCCAGATCATGAGTATGTTCTTGAC
TCATTTTCTAGTTCTTTTGCTGAACTTGGGCTTAAGTATGATTTCACACAAAGA
CATAGGAATAAACAGGATTTGTGGTTTATGTCACATCGAGGTGTTCTTATCAA
TAACATTTACATTCCGAAACTTGAACCTGAGCGAATTGTTGCAATTCTTGAGT
GGGACAAGTCCAAGCTTCCGGAGCATCGTTTGGAGGCAATCACAGCAGCAAT
GATAGAATCATGGGGTTATGGTGAGCTAACACACCAAATTCGCAGATTCTAC
CAATGGGTTCTTGAACAAGCTCCATTCAATGAGTTGGCTAGGCAAGGGAGAG
CCCCTTATGTTTCGGAGGTTGGATTAAGAAGGCTGTATACCAGTGAGCGTGGT
TCGATGGATGAGTTGGAAGCTTACATCGACAAATACTTCGAACGTGAACGTG
GAGATTCTCCTGAGTTATTAGTGTACCATGAATCAAAAAGTCCGGGTGATCAT
CAGATTGTCGGTCACATGAATGAGCATGTTTATCATCAATCTAAGACTGAAA
GCGGTGGATGCAGGTCTCAATGATAAGCTGAAAGAGAAGGAAAAAGAAAAA
GATAAAGAAAAAGAAAAAGAAAAGAAAGACAAGAAGGATGCTAGTGACGG
AAAGTGATGTGTCAACTAGCAAAAGAATTGGAGAGAGAGATAGAGATGTCA
ATGCTGGAAACTAGTGTTACATTTGCAGTTCCAAGAACCAAGCCATTTACTGA
TAAATGATTTTGCCTAGAATTAGGGAAAAGTTGTTCTTAATTTAACCATCTTC
TTCAGTATAATCCACAGCAAATTGACATCTCGAACACTCGTGCCACACAATCA
CAGGTTTGAAGAAGTGGTATGAGGGAGTTGAAAATGACTATGGTCTTAATGG
ATAAATGAATTGCAAGTGAATGTTGAACGGACTTAATGTATGGTGTATCGGA
AATTGTAACATCACAAGGACTATTCTGGGTGCTGGGTCAATGATGGAATGGG
TGAACCTCCAGGTGACTTATCATTAAACCGGTAATTGGACATGCCACTCCCTT
CTCATTGAGCAAATATGGACTACACTTCCGAGTAACGCGCCGAAGCCTTCATC
GGCAAGCGTAAATGCCAACTGGTGAAGAGTCTACATGTCCCCGCG 3°

Fig. 1a: Nucleotide sequence of partial NIb and CP gene of
PRSY isolate VK-1 (1249 bp)




5'"GCGGCGATGCCAGAGATGAGAGCTCAGAGGAATGTGTGTGTTTTATAT
CAATGGTGATGATCTCTGTATTGCCATTCACCCGGATCATGAGTATGTTC
TTGACTCATTCTCTAGTTCATTTGCTGAACTTGGGCTTAAGTATGATTTC
ACACAAAGGCATAGAAATAAACAGGATTTGTGGTTCATGTCACATCGAG
GTGTTCTGATCGATGACATCTACATTCCGAAACTTGAACCTGAGCGAAT
TGTTGCAATTCTTGAGTGGGACAAATCCAAGCTTCCGGAGCATCGTTTG
GAGGCAATCACAGCAGCAATGATCGAATCATGGGGTTATGGTGAGCTA
ACACACCACATCCGCAGATTTTACCAATGGGTTCTTGAGCAAGCTCCAT
TCAATGAGTTGGCTAGGCAAGGGAGAGCCCCTTACGTCTCGGAAGTTGG
ATTAAGAAGGCTGTATACCAGTGAGCGTGGTTCGATGGATGAGTTGGAA
GCGTATATCGATAAATACTTCGAACGTGAGCGTGGAGATTCTCCTGAGC
TATTAGTGTACCATGAATCAAAAAGCTTGGATGATAATCAGATTATCTG
TCACATGAATGAGCATGTTTATCACCAATCTAAGACTGAAGCGGTGGAT
GCAGGTCTCAATGATAAGCTGAAAGAGAAGGAAAAAGAAAAAGATAA
AGAAAAAGAAAAGGAAAAGAAAGACAAGAAGGCTGCTAGTGACGAAA
GTGATGTGTCAACTAGCACAAAAACTAGGGAGAGAGATAGAGATGTCA
ATGCTGGAACTAGTGGTACATTCGCAGTTCCAAGAATCAAACCATTTAC
TGATAAATGATTTTGCCCAGAATTAAGGGAAAAGTTGTTCTTAATTTGA
ATCATCTTCTTCAGTATAATCCAACAGCAAATTGACATCTCGAACACCTC
GTGCCACACAATCACAGTTTGAGAAGTGTATGAGGGAGTGAGGAATGA
CTTATGGCCTTATGATAATGAAATGCAAGTGATGTTGAACGACTAATGG
CTTGGTGTATCGAATGGTACATCACCAGAATAATCTGTGTTTGGGTCAT
GATGATGTGAAACTCAAGTCGATTAATTCCAGTTAACGGTTAATGACCA
TGCAACTCGTCATAGCCAGTACATGCTCCATCAGATACGGACGATGCTA
TATGGCAGGCGTAATTGCACCTATGGGAGAGTG 3’

Fig. 1b: Nucleotide sequence of partial NIb and CP gene of
PRSYV isolate KR-2 (1204 bp)




5’AGGCCGTTTGCTGTGGGTACGTGGCTCAGAGAATGTGTGTGTTTTATAT
CAATGGTGATGATCTCTGTATCGCCATTCATCCGGATCATGAGTATGTTC
TTGACTCATTTTCTAGTTCATTTGCTGAACTTGGGCTTAAGTATGATTTCA
CACAAAGACATAGGAATAAACAGGATTTGTGGTTCATGTCACATCGAGG
TGTTCTGATCGATAACATTTACATTCCGAAACTTGAACCTGAGCGAATTG
TTGCAATTCTTGAGTGGGACAAATCCAAACTTCCGGAACATCGCTTGGAG
GCAATCACAGCAGCAATGATAGAATCATGGGGTTATGGTGAGCTAACAC
ACCAAATCCGCAGATTCTACCAATGGGTTCTTGAACAAGCTCCATTCAAT
GAGTTGGCTAGGCAAGGGAGAGCCCCTTATGTCTCGGAGGTTGGATTAA
GAAGGCTGTATACCAGTGAGCGTGGTTCAATGGATGAGTTGGAAGCATA
CATTGACAAATACTTCGAACGTGAGCGTGGAGATTCTCCCGAGTTATTAG
TGTATCATGAATCAGAAAGTTCGGATGGTCATCAGATTATCGATCACATG
AATGAGCACGTTTATCATCAATCTAAGACTGAAGCGGTGGATGCAGGTCT
CAATGATAAGCTGAAAGAGAAGGAAAAAGAAAAAGATAAAGAAAAAGA
AAAAGAAAAGAGAGACAAGAAGGATGCTAGTGACGGAGGTAGTGTGTC
AACTAGCACAAAAATTGGAGAGAGAGATAGAGATGTCAATGCTGGAACT
AGTGGTACATTTGCAGTTCCAAGAACCAAGCCATTTACTGATAAAATGAT
TTTGCCCAGAATTAAGGGAAAAGTTGTTCTTAATTTGAATCATCTTCTTCA
GTATAATCCACAGCAAATTGATATCTCGAACACTCGTGCACACAATCACA
GTTTGAAGAGTGTATGAGGAGTGAGGAGTGACTTATGGCCTTAATGATAT
GAATGCAAGTGATGTGAACGCCTTAATGTTGTGTATCGAAATGGTACATC
GCAGACAATCTGAGTTCTGGTCATGATGAATGGTGAACTCAGGTCGATTA
TCGATAAACTGTATGGCATGCACTCCTCATTAGCATCATGGTCACTTCAG
CTACGGCAGCTAGCTCGAAGGCATGCATCTTGAAGGTCATGCG 3°

Fig. 1c: Nucleotide sequence of partial NIb and CP gene of
PRSY isolate ML-3 (1185 bp)




5'"GGGTAAAAAATCCAAGAGATGAGAGATCAGAGGCATGTGTGTGTTTTATAT
CAATGGTGATGATCTCTGTATTGCCATTCACCCGGATCATGAGTATGTTCTTG
ACTCATTCTCTAGTTCATTTGCTGAACTTGGGCTTAAGTATGATTTCACACAA
AGGCATAGAAATAAACAGGATTTGTGGTTCATGTCACATCGAGGTGTTCTGA
TCGATGACATCTACATTCCGAAACTTGAACCTGAGCGAATTGTTGCAATTCTT
GAGTGGGACAAATCCAAGCTTCCGGAGCATCGTTTGGAGGCAATCACAGCAG
CAATGATCGAATCATGGGGTTATGGTGAGCTAACACACCACATCCGCAGATT
TTACCAATGGGTTCTTGAGCAAGCTCCATTCAATGAGTTGGCTAGGCAAGGG
AGAGCCCCTTACGTCTCGGAAGTTGGATTAAGAAGGCTGTATACCAGTGAGC
GTGGTTCGATGGATGAGTTGGAAGCGTATATCGATAAATACTTCGAACGTGA
GCGTGGAGATTCTCCTGAGCTATTAGTGTACCATGAATCAAAAAGCTTGGAT
GATAATCAGATTATCTGTCACATGAATGAGCATGTTTATCACCAATCTAAGAC
TGAAGCGGTGGATGCAGGTCTCAATGATAAGCTGAAAGAGAAGGAAAAAGA
AAAAGATAAAGAAAAAGAAAAGGAAAAGAAAGACAAGAAGGCTGCTAGTG
ACGAAAGTGATGTGTCAACTAGCACAAAAACTAGGGAGAGAGATAGAGATG
TCAATGCTGGAACTAGTGGTACATTCGCAGTTCCAAGAATCAACCATTTACTG
ATAAAATGATTTTGCCCAGAATTAAGGGAAAAGTTGTTCTTAATTTGAATCAT
CTCTTCAGTATAATCCACAGCAAATTGACATCTCGAACACTCGTGCCACACAA
TCACAGTTTGAGAAGTGGTATGAGGGAGTGAGGGATGACTATGGCCTTAATG
ATAATGGAAATGCAGTGATGTTGAACGCTTAATGGTTTGGTGTATCGAAATTG
TTACATCACCAGACAATATCTGGTGTTGGTCATGATGGATGTGAACTCAGGTC
GAATTATCCATTAAACCGTTATTGAGCATGCACTTCGCATTTAGGCAATCATG
CTCATCCAGTAACGCGGCGAGCGTATTGCCTGGAATTGCCCTGGAGAGTATA
CATTGCTG3"

Fig. 1d: Nucleotide sequence of partial NIb and CP gene of
PRSV isolate PZ-4 (1209 bp)




5'GTGTGTGTTTTATATCAATGGTGATGATCTCTGTATCGCCATTCATCCGGAT
CATGAGTATGTTCTTGACTCATTTTCTAGTTCATTTGCTGAACTTGGGCTTAA
GTATGATTTCACACAAAGACATAGGAATAAACAGGATTTGTGGTTCATGTCA
CATCGAGGTGTTCTGATCGATAACATTTACATTCCGAAACTTGAACCTGAGC
GAATTGTTGCAATTCTTGAGTGGGACAAATCCAAACTTCCGGAACATCGCTT
GGAGGCAATCACAGCAGCAATGATAGAATCATGGGGTTATGGTGAGCTAAC
ACACCAAATCCGCAGATTCTACCAATGGGTTCTTGAACAAGCTCCATTCAAT
GAGTTGGCTAGGCAAGGGAGAGCCCCTTATGTCTCGGAGGTTGGATTAAGAA
GGCTGTATACCAGTGAGCGTGGTTCAATGGATGAGTTGGAAGCATACATTGA
CAAATACTTCGAACGTGAGCGTGGAGATTCTCCCGAGTTATTAGTGTATCAT
GAATCAGAAAGTTCGGATGGTCATCAGATTATCGATCACATGAATGAGCACG
TTTATCATCAATCTAAGACTGAAGCGGTGGATGCAGGTCTCAATGATAAGCT
GAAAGAGAAGGAAAAAGAAAAAGATAAAGAAAAAGAAAAAGAAAAGAGA
GACAAGAAGGATGCTAGTGACGGAGGTAGTGTGTCAACTAGCACAAAAATT
GGAGAGAGAGATAGAGATGTCAATGCTGGAACTAGTGGTACATTTGCAGTTC
CAAGAACCAAGCCATTTACTGATAAAATGATTTTGCCCAGAATT 3’

Fig. 1e: Nucleotide sequence of partial NIb and CP gene of
PRSYV isolate PT-5 (820 bp)




MCVFYINGDDLCIAIHPDHEY VLDSFSSSFAELGLKYDFTQRHRNKQDLWFMSHRGVLIN
NIYIPKLEPERIVAILEWDKSKLPEHRLEAITAAMIESWGYGELTHQIRRFYQWVLEQAP
FNELARQGRAPYVSEVGLRRLYTSERGSMDELEAYIDKYFERERGDSPELLVYHESKSPG
DHQIVGHMNEHVYHQSKTESGGCRSQ

Fig. 2a: Deduced amino acid sequence of partial NIb and CP gene of PRSV isolate VK-1

' MCVFYINGDDLCIAIHPDHEY VLDSFSSSFAELGLKYDFTQRHRNKQDLWFMSHRGVLID

| DIYIPKLEPERIVAILEWDKSKLPEHRLEAITAAMIESWGYGELTHHIRRFYQWVLEQAP
FNELARQGRAPYVSEVGLRRLYTSERGSMDELEAYIDKYFERERGDSPELLVYHESKSLD

- DNQIICHMNEHVYHQSKTEAVDAGLNDKLKEKEKEKDKEKEKEKKDKKAASDESDVST
STKTRERDRDVNAGTSGTFAVPRIKPFTDK

Fig. 2b: Deduced amino acid sequence of partial NIb and CP gene of PRSV isolate KR-2

MCVFYINGDDLCIAIHPDHEY VLDSFSSSFAELGLKYDFTQRHRNKQDLWFMSHRGVLID
NIYIPKLEPERIVAILEWDKSKLPEHRLEAITAAMIESWGYGELTHQIRRFYQWVLEQAP
| FNELARQGRAPYVSEVGLRRLYTSERGSMDELEAYIDKYFERERGDSPELLVYHESESSD
} GHQIIDHMNEHVYHQSKTEAVDAGLNDKLKEKEKEKDKEKEKEKRDKKDASDGGSVST
STKIGERDRDVNAGTSGTFAVPRTKPFTDKMILPRIKGKVVLNLNHLLQYNPQQIDISNTR
AHNHSLKSV

Fig. 2¢: Deduced amino acid sequence of partial NIb and CP gene of PRSV isolate ML-3



MCVFYINGDDLCIAIHPDHEYVLDSFSSSFAELGLKYDFTQRHRNKQDLWFMSHRGVLID
DIYIPKLEPERIVAILEWDKSKLPEHRLEAITAAMIESWGYGELTHHIRRFYQWVLEQAP
FNELARQGRAPYVSEVGLRRLYTSERGSMDELEAYIDKYFERERGDSPELLVYHESKSLD
DNQIICHMNEHVYHQSKTEAVDAGLNDKLKEKEKEKDKEKEKEKKDKKAASDESDVST
STKTRERDRDVNAGTSGTFAVPRINHLLIK

Fig. 2d: Deduced amino acid sequence of partial NIb and CP gene of PRSV isolate PZ-4

MSHRGVLIDNIYIPKLEPERIVAILEWDKSKLPEHRLEAITAAMIESWGYGELTHQIRRFYQ
WVLEQAPFNELARQGRAPYVSEVGLRRLYTSERGSMDELEAYIDKYFERERGDSPELLV
YHESESSDGHQIIDHMNEHVYHQSKTEAVDAGLNDKLKEKEKEKDKEKEKEKRDKKDA
SDGGSVSTSTKIGERDRDVNAGTSGTFAVPRTKPFTDKMILPRI

Fig. 2e: Deduced amino acid sequence of partial NIb and CP gene of PRSV isolate PT-5
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Kerala. It also showed 88 per cent similarity to four other accessions namely, KA- Gu
from Gulbarga, Karnataka (DQ666639.1), TA- Ti from Tiruvallur, Tamil Nadu (DQ
666641.1), AP- Ko, Kovvur isolate (DQ 666638.1) and HYD, Hyderabad isolate
(KP743981.1) from Andhra Pradesh with minimum E value. There were 100 Blast hits
against the sequence of isolaté VK-1 with 96 per cent query coverage (Fig. 3a and 3b).
On translating the nucleotide sequence using ExPASy translator tool, the longest frame
i.e. 5’3’ Frame 3 was used to deduce the amino acid sequence from the six possible
open reading frames (ORFs) obtained. It comprised of 206 amino acids. However,
protein BLAST analysis of this deduced amino acid sequence showed highest

similarity to the amino acid sequence of Hospet isolate from Karnataka (AAX07289.1).

4.7.6.2. In silico Analysis of PRSV Isolate - KR-2

BLASTn analysis of the nucleotide sequence of isolate KR-2 showed maximum
sequence similarity (93%) to PRSV isolate KE- Ca (DQ666640.1) from Calicut,
Kerala. The BLAST results also revealed significant similarity to other south Indian
isolates with an identity percentage ranging from 89 to 92 per cent. Isolate KA-Gu
(DQ666639.1) is found to be the most similar (92%) among the south Indian isolates
other than those from Kerala. It also showed 91 per cent similarity to four accessions
namely isolate HYD (KP743981.1) and AP-Ko (DQ 666638.1) from Andhra Pradesh,
TA-Ti from Tamil Nadu (DQ666641.1 and KA-Ho from Karnataka (AY839865.1). It
was found to be less similar to Andhra Pradesh isolates viz., AP-Te (AY839864.1) from
Hyderabad and AP-Ra (AY839863.1) from Rly Kodur with an identity of 90 and 89
per cent respectively. There were 100 Blast hits against the sequence of isolate KR-2
with 92 per cent query coverage (Fig. 4a, 4b). On translating the nucleotide sequence
using ExPASy translator tool, the longest frame, 5’3" Frame 2 was used to deduce the
amino acid sequence from the six possible ORFs obtained. It comprised of 268 amino
acids. Protein BLAST analysis of the deduced amino acid sequence of isolate KR-2
exhibited 95 per cent identity to amino acid sequence of isolate KE-Ca from Calicut

(ABG72803.1).
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4.7.6.3. In silico Analysis of PRSV Isolate - ML-3

BLASTn analysis of nucleotide sequence of isolate ML-3 exhibited 92 per cent
identity to PRSV isolate KE- Ca (DQ666640.1) from Calicut, Kerala. It also showed
90 per cent sequence similarity to two isolates viz., HYD (KP743981.1) from
Hyderabad and KA-Gu (DQ666639.1) from Gulbarga. However, other isolates from
south India namely, TA-Ti from Tiruvallur, Tamil Nadu (DQ666641.1), AP-Ko (DQ
666638.1) from Kovvur, Andhra Pradesh and KA-Ho (AY839865.1) from Hospet,
Karnataka showed an identity percentage of only 89 per cent with minimum E value
(Fig. 5a, 5b). On translating the nucleotide sequence using ExPASy translator tool, the
longest frame 5°3° Frame 1 was used to deduce the amino acid sequence from the six
possible ORFs obtained. It comprised of 308 amino acids. Protein BLAST of the
deduced amino acid sequence exhibited 96 per cent identity to isolate KE- Ca
(ABG72803.1) from Calicut.

4.7.6.4.. In silico Analysis of PRSV Isolate - PZ-4

Nucleotide BLAST analysis carried out for sequence of isolate PZ-4 revealed
that this isolate also showed maximum similarity to isolate KE- Ca (DQ666640.1) from
Calicut, Kerala with 94 per cent identity. The sequence had also shown similarity
(92%) to three other accessions viz., isolate KA- Gu (DQ666639.1) from Gulbarga,
Karnataka, isolate HYD (KP743981.1) from Hyderabad and isolate TA- Ti
(DQ666641.1) from Tamil Nadu with minimum E value. An identity of 91 per cent
was seen in case of isolates AP-Ko (DQ 666638.1) and KA-Ho (AY839865.1) from
Andhra Pradesh and Karnataka respectively (Fig. 6a, 6b). The nucleotide sequence was
translated to six possible ORFs and the longest frame 5’3 Frame 2 was used to deduce
the amino acid sequence. It consisted of 268 amino acids. Protein BLAST of the
deduced amino acid sequence exhibited 95 per cent similarity to isolate KE- Ca

(ABG72803.1).
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PRSYV isolate ML-3
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Fig. 6b: Blastn text output of nucleotide sequence of partial NIb and CP region of
PRSYV isolate PZ-4



71

4.7.6.5. In silico Analysis of PRSV Isolate - PT-5

The nucleotide sequence of isolate PT- 5 under the present study was also
subjected to nucleotide BLAST. The analysis showed the highest sequence similarity
(95%) to isolate KE-Ca (DQ666640.1) from Calicut, Kerala. It also showed 92 per cent
similarity to other south Indian isolates viz., HYD (KP743981.1) and AP-Ko (DQ
666638.1) from Andhra Pradesh, KA-Gu (DQ666639.1) from Gulbarga, Karnataka,
TA-Ti (DQ666641.1) from Tiruvallur, Tamil Nadu. Isolate PT- 5 showed a similarity
of only 91 per cent to isolate KA-Ho (AY839865.1) from Hospet, Karnataka. Isolate
AP- Ra (AY839863.1) from Rly Kodur, Andhra Pradesh was found to be divergent
compared to other reported isolates of PRSV isolates from south India with an identity
of only 89 per cent (Fig. 7a, 7b). Translation of nucleotide sequence using ExPASy
translator tool gave six possible ORFs and the longest frame 5’3 Frame 2 was used to
deduce the amino acid sequence. It consisted of 223 amino acids. Protein BLAST of
the deduced amino acid sequence revealed that it was most similar to isolate KE-Ca

(ABG72803.1) with an identity of 95 per cent.
4.7.6.6. Phylogenetic Analysis

A neighbor joining phylogenetic tree was constructed upon alignment of
nucleotide sequences of five isolates generated from the study and 21 other sequences
coding for partial NIb and CP region of PRSV reported from India and elsewhere
available in the Genbank database given in Table 7. The phylogenetic tree illustrating
the relationship of PRSV isolates from different geographical locations is shown in Fig.
8.

The analysis on the basis of partial NIb and CP gene of nucleotide sequences
generated in this study and other isolates from distinct geographical locations resulted
in multiple subgroups. The tree produced two major and distinctly branched groups i.e
Group 1 and Group 2 which was an outgroup. Group 1 further branched into two
subgroups i.e subgroup 1 A and subgroup 1B. Subgroup 1A consisted of mainly the

N
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south Indian isolates. The isolates under the present study grouped into two clusters
although showing very little diversity among them. Isolate KR- 2 and PZ - 4 are closely
related to each other than remaining isolates in the present study. Bootstrap value of
100 indicateds the maximum probability of obtaining the same clustering pattern.
Isolates VK1, ML-3 and PT-5 fall in a common cluster. However, the isolates ML-3
and PT- 5 split again into two branches from a common node indicating that these two
isolates are more closely related to each other than isolate VK-1. These five isolates
showed maximum similarity to isolate KE- Ca (DQ666640.1) from Calicut, Kerala
which is well supported by a bootstrap value of 97. The isolates from Calicut and those
under the present study are also related to isolate PRSV-AP (AF323627.1) from
Andhra Pradesh possessing the same lineage and this is supported by a bootstrap value
of 87. It can also be nioted from the tree that all south Indian isolates namely, KA- Gu
(DQ666639.1), TA-Ti (DQ666641.1), AP-Te (AY839864.1), AP-Ra (AY839863.1),
KA-Ho (AY839865.1), AP- Ko (DQ 666638.1) arise from a common node as that of
the isolates from the present study, grouped together in a single subgroup 1A and a
bootstrap value of 100 indicates the maximum probability of obtaining the same
clustering pattern on reconstruction of the tree. The isolates from Tamil Nadu reported
in cucurbits viz,TN TDV SG1 (KP161501.1) and TN MET PUMI1 (KP161500.1)
showed slight divergence from the PRSV isolates under the present study coming under

a separate subgroup i.e. subgroup 1B.

The isolate PRSV-UP (AF323628.1) from north India, exhibited divergence
from the south Indian isolates and clustered with the PRSV isolates reported from
Pakistan viz., isolate PK- Dar 3 (JX661505.1) and TJ 11 (JX024999.1) falling into a
different subgroup i.e. subgroup 2A and this clustering pattern is supported by a
bootstrap value of 100. The subgroup 2B comprised of PRSV isolates reported in
cucurbits and in Clitoria ternatea except isolate PRSV-HA (X67672.1) reported in
papaya from China. Interestingly, the south Indian isolates reported in cucurbits from

Tamil Nadu viz., TN NGK PUMI (KP161494.1), TN NGK PUM2 (KP161495.1) and
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Fig. 8: Neighbor-joining tree representing phylogenetic relationships of PRSV
partial polyprotein sequences from present study and other reported sequences.
Numbers are percentage support of branching based on bootstrap analysis (1000

replications). The scale bar represents nucleotide substitutions per site.
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TN NGK Cucu2 (KP161498.1) were grouped in a separate cluster in subgroup 2B and
showed similarity to isolate PRSV- HA from China. Among all the sequences subjected
to phylogenetic analysis, isolate TN UDU RGI1 (KP161498.1) reported from
Udumalpet, Tamil Nadu in ridge gourd exhibited maximum divergence from the

isolates under present study and formed an outgroup.
4.8. MANAGEMENT OF PAPAYA RINGSPOT DISEASE

The experiment on evaluation of different chemicals, plant extracts,
micronutrients and microbial formulations for the management of PRSD was
undertaken in pot culture and insect proof conditions and the observations were
recorded at weekly intervals. The results of the experiment are presented in Table 19.
The experiment included chemicals which are reported to induce systemic resistance
in plants following application viz., salicylic acid, acetyl salicylic acid (aspirin), humic
acid and potassium silicate, microbial formulations viz., Pseudomonas fluorescens,
PGPR mix II and mycopesticide Lecanicillium lecanii, two plant extracts viz. leaf
extracts of Bougainvillea spectabilis and Mirabilis jalapa, a commercial viricide
Perfekt, micronutrient formulations like Sampoorna and Solubor. A pre-inoculation
application was first given to the test plants followed by challenge inoculation with
PRSV one week after first application. After that, post - inoculation treatments were

given at fortnightly intervals as described in detail under section 3.8.

The symptoms appeared in the inoculated plants about 14 to 15 days after
inoculation (DAI). The vulnerability index indicating the severity of the disease was
assessed every week from the first appearance of symptoms using 0-5 scale developed

by Bos (1982) as described under section 3.1.

The treatments were found to be significantly different following second
application i.e. 3 weeks after inoculation (WAI). 10 per cent leaf extract of
Bougainvillea spectabilis (T7) and Solubor (0.1%) (T13) showed comparatively lower

disease severity viz., 20 and 24.44 per cent respectively. The treatments were found to

\V
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be on par with each other. The maximum disease severity of 60 per cent was recorded
in Lecanicillium lecanii (T5) and untreated control plants (T14). Sampoorna (T9) also
recorded a considerably high disease severity of 53.33 per cent after the second
application. The analysis revealed that these three treatments viz., T5, T9 and T14 were
statistically on par. P. fluorescens (T3), PGPR mix II (T4), 10 per cent Mirabilis jalapa
leaf extract (T6) and Solubor (0.1%) (T13) were also found to be on par after the second

application.

A variation in the data was observed after the third application, i.e. 5 WAL,
where, P. fluorescens (T3), Bougainvillea leaf extract (T7) and Solubor (0.1%) (T13)
were found to be statistically on par and the disease severity recorded was 15.55, 11.11
and 15.55 respectively. L. lecanii (T5) did not show any reduction following third
application and the severity recorded was 77.77 per cent which was found to be on par
with untreated control plants (T14). Sampoorna (T9) and acetyl salicylic acid (T2)
showed better results compared to TS5 after third application and the two were found to
be on par with each other. A disease severity ranging between 22.22 to 26.67 per cent

was recorded in the other treatments which were found to be statistically on par.

After the fourth application, 7 WAI, Bougainvillea leaf extract (T7) exhibited
the least disease severity and showed statistically significant difference from other
treatments and was superior to all of them. P. fluorescens (T3) and Solubor (0.1%)
(T13) were on par showing a disease severity of 13.33 and 15.55 per cent respectively.
The same trend was observed in case of L. lecanii (TS) which did not show any
reduction in the disease severity and was on par with control. Statistical analysis also
revealed that 10 per cent leaf extract of Mirabilis jalapa (T6) and 0.3 per cent potassium

silicate (T12) were on par.

Finally, after the fifth application, i.e 9 WAI, Bougainvillea treated plants gave
the least PDS of 6.67 per cent as against 97.77 per cent in untreated control plants. This

was followed by P. fluorescens (T3) which gave a disease severity of 11.11 per cent

A
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over control after final treatment application. Both these treatments were found to be

significantly different and superior to the remaining treatments.

To summerise, T7, Bougainvillea leaf extract (10%) was found to be the best
treatment which gave consistently low values of PDS throughout the experiment.
Initially, the PDS recorded was 20 per cent which decreased to 6.67 per cent after final
application among all the treatments after final application. Hence, Bougainvillea
treated plants gave a per cent reduction of 93.17 per cent in disease severity over
untreated control plants. This was followed by P. fluorescens (T3) which gave a per
cent reduction of 88.63 per cent and Solubor (0.1%) (T13) which gave a per cent
reduction of 84.10 per cent over untreated control plants (Table 20, Fig. 9).

In order to deduce the conclusion, the data was further analysed statistically
based on a ranking method proposed by Arunachalam and Bandyopadhyay (1984)
where a score was allotted to each observation taken at weekly intervals for every
treatment. The scores allotted for observations at weekly intervals were summed up
and the treatment with the maximum value was considered as the best treatment. Based
on the final score, it was confirmed that the best treatment was 10 per cent leaf extract
of Bougainvillea spectabilis (T7) followed by 0.1 per cent Solubor (T13) and 2 per cent
P. fluorescens (T3). The least effective treatments were found to be L. lecanii (T5) and

1 per cent Sampoorna micronutrient formulation (T9) (Table 21).

The biometric characters of the test plants viz. plant height and mean girth of
stem were recorded for each treatment two weeks after every application and is
presented in detail in Table 22. After the first application, the plants did not differ
significantly in terms of plant height. Significant difference was observed between the
treatments in the following applications. After the final application of treatments, the
maximum plant height was recorded in P. fluorescens (T3) i.e. 71 cm, followed by 70
cm in plants sprayed with Bougainvillea leaf extract (T7). Both the treatments differed

significantly from other treatments with respect to plant height. In plants treated with

2.0
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Solubor (0.1%) (T13), the height recorded after final application was 60.66 cm and
61.10 cm 1n the treatment T6, M. jalapa leaf extract (10%). However, both T6 and T
13 were statistically on par. In case of untreated control plants (T14), the height

recorded was only 35.60 cm.

A mean stem girth of 2.90 cm was recorded in plants treated with P.fluorescens
(T3) and this was the highest value of girth of stem recorded. T3 differed significantly
from other treatments. The second best treatment in terms of girth of the stem was
Bougainvillea leaf extract (T7) viz., 2.50 cm. Micronutrient formulation Sampoorna -
1 per cent (T9) was found to be the least effective treatment and was on par with
untreated control plants. The effect of treatments on plant height and mean girth after

final application is depicted in Fig. 10.

In addition to this, the influence of each treatment on the virus titre was studied
by performing DAC- ELISA on plants under study. The results of ELISA are presented
in Table 23. The plants applied with leaf extract of B. spectabilis (10%) (T7) gave the
least absorbance value of 0.373 over 1.474 in control plants. The plants treated with P.
fluorescens (2%) (T3) recorded an absorbance value of 0.509. However, these two
treatments were found to be on par in terms of virus concentration. The virus titre
recorded in plants treated with L. lecanii (TS) was 1.253 as against 1.474 in untreated

control plants.

The chlorophyll content in the test plants was also recorded after the final
application of the treatments using a SPAD meter. The results are presented in detail
in Table 24 and depicted in Fig. 11. The maximum chlorophyll content of 44.67 SPAD
units was recorded in plants treated with Bougainvillea leaf extract (T7). This was
followed by P. fluorescens (T3) where the chlorophyll content recorded was 42.67
SPAD units. The next best result in terms of chlorophyll content was given by Solubor
(0.1%) (T13) viz. 40.55 SPAD units. The value recorded in untreated control plants

which expressed maximum disease severity and symptoms was only 17.66 SPAD units.
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The test plants treated with 10 per cent Bougainvillea leaf extract (T7) and 2

per cent P. fluorescnes (T3) showing improved performance are depicted in Plate 14.

The per‘ cent disease severity of untreated control plants increased gradually
from 57.55 to 97.77 per cent. The symptom expression on these plants was very

prominent when the temperature was low (Appendix VI).

/i



78

Table 19: Per cent disease severity at weekly intervals

Treatment Per cent disease severity (PDS)

2WAI 3WAI | 4 WAI | SWAI | 6WAI | TWAI | 8WAI IWAI
Salicylic acid - | 35.55 31.11 28.89 2222 2222 |[2222 17.77 17.7%
0.15g L' (T1) (5.93) | (5.16) | (5.36)° | (4.70)° | (4.70)¢ | (4.70)% | (4.19)T | (4.25)%
Acetyl SA - 0.15 | 28.89 35.55 48.88 60.00 | 55.55 |[S5I1.11 48.89 48.89
g L' (T2) (5.36)% | (5.99)* | (6.97)° | (7.73)° | (7.45)¢ | (7.14)° | (6.98)° | (7.02)°
P. fluorescens - | 35.55 28.89 17.77 15.55 | 13.33 13.33 11.11 11.11
2% (T3) (5.95)% | (5.41)% | (4.19)¢ | (3.92)¢ | 3.65)° | (3.65) |[(3.29)¢ | (3.37)f
PGPR mix II -|42.22 28.89 26.67 2444 | 2222 2222 22.22 20.00
2% (T4) (6.49) | (5.41)% | (5.16)° | (4.93)° | (4.70)¢ | (4.70)¢ | (4.70)% | (4.52)
L. lecanii - 2% | 57.77 60.00 73.33 77.77 | 75.55 | 71.77 84.44 88.89
(TS) (7.59) (7.77)* | (8.55)* | (8.81)* | (8.69)° | (8.81)° |[(9.18)° | (9.45)
Mirabilis jalapa | 28.89 28.89 24.44 22.22 | 2222 |20.00 20.00 17.77
leaf extract - | (5.36)% | (5.41)% | (8.55)° | (4.70)° | (4.70)% | (4.47)% | (4.47)%F | (4.25)%
10% (T6)
B. spectabilis 35.55 20.00 11.11 11.11 | 8.89 8.89 6.67 6.67
leaf extract-10% | (5.95)¢ | (4.52)" | (4.93)° | (3.29)¢ | (2.93)" | (2.93)¢ | (2.58)" | (2.67)¢
(T7)
Perfekt - 0.1% | 35.55 31.11 28.89 26.67 | 26.67 |24.44 24.44 24.44
(T8) (5.95)¢ | (5.61) | (5.36)° | (5.16)° | (5.16)* | (4.93)% |(4.93)% | (4.98)°
Sampoorna - 1% | 55.55 53.33 71.11 62.22 | 62.22 | 55.55 55.55 53.33
(T9) (7.45) (7.33)* | (8.43)* |(7.88)° | (7.88)° |(7.45)° | (7.45)° |(7.33)"°
Solubor -1% | 43.33 37.77 24.44 2444 | 2222 |2222 22.22 22.22
(T10) (6.57)> | (6.18)° | (4.93)° | (4.93)° | (4.70)¢ | (4.70)¢ | (4.70)% | (4.75)¢
Humic acid - |44.44 35.55 31.11 2444 | 2444 |2222 22.22 20.00
0.2% (T11) (6.65)° (5.99) | (5.57)° | (4.93)° | (4.93)¢ | (4.70)¢ | (4.70)% | (4.75)%
Pot. silicate - | 44.44 35.55 28.89 2222 2222 |20.00 17.77 17.77
0.3%(T12) (6.65)° (5.99) | (5.36)° | (4.70)° | (4.70) | (4.47)% | (4.19)T | (4.25)%
Solubor  -0.1% | 24.44 24.44 15.55 15.55 | 15.55 15.55 15.55 15.55
(T13) (4.93)° (4.98) | (3.92)% | (3.92)¢ | 3.92)° | (3.92)° | (3.29) | (3.98)°
Untreated 57.77 60.00 77.77 84.44 | 91.11 95.55 97.77 97.77
control (T14) (7.59) (7.77)* | (8.81)* | (9.18)* | (9.54)* | (9.77)* | (9.88)* | (9.91)

CD (0.05) [ 0.67 0.51 0.66 0.65 0.59 0.57 0.61 0.60
Values in parentheses: square root transformed, WAI: weeks after inoculation
(‘}7



Table 20: Per cent reduction of disease over control after final treatment application
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| Treatment PDS after final Per cent reduction
’ treatment application over control

Salicylic acid - 0 15 g L! 17.77 81.82

(T1) (4.25)d

Acetyl SA - 0.15 g L 48.89 50.00

(T2) (7.02)°

P. fluorescens - 2% (T3) 11.11 88.63
(3.37)f

PGPR mix II - 2% (T4) 20.00 79.54
(4.52)%de

L. lecanii - 2% (T5) 88.89 9.08
(9.45)*

M. jalapa leaf extract - 17.77 81.82

10% (T6) (4.25)%

B. spectabilis leaf 6.67 93.17

extract-10% (T7) (2.67)%

Perfekt - 0.1% (T8) 24.44 75.00
(4.98)°

Sampoorna - 1% (T9) 53.33 45.45
(7.33)°

Solubor -1% (T10) 22.22 77.27
(4.75)

Humic acid -0.2% (T11) 20.00 79.54
(4.75)

Pot. silicate -0.3%(T12) 17.77 81.82
(4.25)%

Solubor -0.1% (T13) 15.55 84.10
(3.98)°

Untreated control (T14) 97.77
(9.91)*

A
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T6 - M. jalapa leaf extract (10 %) T13 - Solubor (0.1%)

T7- B. spectabilis leaf extract ( 10%) T14 - Untreated control

Fig. 9: Per cent reduction in disease severity over control after final application
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Table 21: Ranking of different treatments (Arunachalam and Bandyopadhyay, 1984)

Trt.

Treatment

Scores alloted Total
‘No. details 2WAI | 3WAI | 4WAI | SWAI | 6WAI | TWAI | SWAI | 9WAI |
T1 | Salicylic acid - | 0.7 0.58 0.6 0.75 0.67 0.57 0.69 0.64 |5.20
0.15gL"!
T2 | Acetyl salicylic| 0.9 0.41 0.4 0.5 0.5 042 | 0375 | 0.29 |3.80
acid-0.15 gL'
T3 | P. fluorescens - | 0.7 0.75 0.8 1 0.83 0.86 | 0.875 | 0.86 |6.68
2% .
T4 | PGPR mix Il -| 0.5 0.75 0.6 0.75 0.67 0.57 0.56 0.57 | 4.97
. 2%
TS5 | L.lecanii - 2% 0.2 0.17 0.2 0.25 0.33 0.29 0.25 0.14 | 1.83
T6 | M. jalapa leaf | 0.9 0.75 0.6 0.75 0.67 0.64 | 0.625 | 0.64 |5.58
extract - 10%
T7 | B.spectabilis 0.7 1 1 1 1 1 1 1 7.70
leaf extract-
10%
T8 | Perfekt-0.1% 0.7 0.58 0.6 0.75 0.67 0.57 0.5 043 | 4.80
T9 | Sampoorna - | 0.2 0.17 0.2 0.5 0.5 042 | 0375 | 0.29 |2.66
1%
T10 | Solubor -1% 0.5 0.33 0.6 0.75 0.67 0.57 0.56 0.5 [4.48
TI1 | Humic acid -| 04 0.41 0.6 0.75 0.67 0.57 0.56 0.5 |4.46
0.2%
T12 | Potassium 0.4 0.41 0.6 0.75 0.67 0.64 0.69 0.64 |4.80
silicate -0.3%
T13 | Solubor -0.1% 1 0.91 0.9 1 0.83 0.79 0.75 0.71 | 6.89
T14 | Untreated 0.2 0.17 0.2 0.25 0.17 0.14 | 0.125 | 0.14 |1.40
control

B
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T1 - Salicylic acid (0.15 g L)

T2 - Acetyl salicylic acid (0.15 g L")
T3 - P. fluorescens (2 %)

T4 - PGPR mix II - (2 %)

T5 - L. lecanii (2 %)

T6 - M. jalapa leaf extract (10 %)
T7- B. spectabilis leaf extract ( 10%)

T9 T10 T11 T12 T13 Ti4

T8 - Perfekt (0.1%)

T9 - Sampoorna (1%)

T10 - Solubor - 1%

T11 - Humic acid (0.2 %)

T12 - Potassium silicate (0.3%)
T13 - Solubor (0.1%)

T14 - Untreated control

Fig. 10: Plant height and mean stem girth after final treatment application
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Table 23: Influence of different treatments on virus titre of papaya plants

82

"Treatment | Treatment details Virus titre*
T1 Salicylic acid - 0.15 g ™! 0.689®
T2 Acetyl salicylic acid - 0.15 g L™! 0.967%
T3 Pseudomonas fluorescens - 2% 0.509M
T4 PGPR mix II - 2% 0.714°"
T5 Lecanicillium lecanii - 2% 1.253%
T6 Mirabilis jalapa leaf extract - 10% 0.627¢
T7 Bougainvillea spectabilis leaf extract- 10% 0.373!
T8 Perfekt - 0.1% 0.834df
T9 Sampoorna - 1% 1.023¢

T10 Solubor -1% 0.69"
T11 Humic acid -0.2% 0.772°t
T12 Potassium silicate -0.3% 0.853%
T13 Solubor -0.1% 0.619¢
T14 Untreated control 1.474%

* Absorbance at 405 nm - mean of four replications

\V

+O
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Table 24: Effect of treatments on chlorophyll content of leaves

Treatment | Treatment Chlorophyll
content
(SPAD units)*
Tl Salicylic acid - 0.15 g L™! 39.30
T2 Acetyl salicylic acid - 0.15 g L1 38.72
T3 Pseudomonas fluorescens - 2% 42.67
T4 PGPR mix I1 - 2% 39.20
T5 Lecanicillium lecanii - 2% 18.83
T6 Mirabilis jalapa leaf extract - 10% 39.10
T7 Bougainvillea spectabilis leaf extract- 10% | 44.67
T8 Perfekt - 0.1% 33.075
T9 Sampoorna - 1% 39.10
T10 Solubor -1% 32.36
T11 Humic acid -0.2% 39.10
T12 Potassium silicate -0.3% 37.36
T13 Solubor -0.1% 40.55
T14 Untreated control 17.66

* Values are mean of three replications
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T4 - PGPR mix II - (2 %) T11 - Humic acid (0.2 %)

T5 - L. lecanii (2 %) T12 - Potassium silicate (0.3%)

T6 - M. jalapa leaf extract (10 %) T13 - Solubor (0.1%)

T7- B. spectabilis leaf extract ( 10%) T14 - Untreated control

Fig. 11: Chlorophyll content after final treatment application
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5. DISCUSSION

Papaya is an important fruit crop which is grown widely in the tropics and
subtropics because of its great economic potential. In spite of its tree-like habit, papaya
is considered as a herbaceous plant which could reach up to a height of 9 m and hence
described as giant herbs (Malo and Campbell, 1986). Recently, considerable progress
has been achieved regarding the biological activity and medicinal value of papaya and
it is considered as a valuable nutraceutical fruit plant (Yogiraj et al., 2014). Over the
last few decades, the reports regarding the susceptibility of papaya to a wide range of
viruses belonging to the genera viz., Potyvirus, Rhabdovirus, Potexvirus, Geminivirus,
Nepovirus, Ilarivirus, Tobravirus and Cucumovirus have been of major concern
(Tennant et al., 2007). These diseases caused by viruses are a major threat to papaya
cultivation and production. Among the viral diseases, papaya ringspot disease caused
by Papaya ringspot virus is reported to have a devastating effect on the economic yield
of papaya fruits. The incidence of the disease has been reported from all over the world
and in India, it was first reported in 1948 by Capoor and Varma from Pune. Since then,
it has spread gradually to all the papaya growing states resulting in a negative impact
on papaya production. This disease can cause up to 100 per cent yield loss (Tennant et
al., 2007) and render the crop uneconomical. Papaya plants of all ages are vulnerable
to PRSV. The fruits of the infected plants become small and deformed making them
unmarketable. In the recent years, the disease incidence has become very severe and
this could be attributed to the change in climate which might have an influence on the

secondary spread of virus through insect vectors.

The occurrence of this disease was first reported in Hawaii by Lindner (1945)
and subsequently, it was reported from different papaya cultivating regions worldwide.
In India, the disease was first reported in Pune by Capoor and Varma (1948) as already
mentioned above and later reported from different states of the country viz., Bihar
(Mishra and Jha, 1955), Madhya Pradesh (Garga, 1963), Rajasthan (Surekha et al.,
1977) and in Maharashtra (Yemewar and Mali, 1980). In south India, it was reported
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during 1995 from Karnataka (Byadgi ef al., 1995). In the state of Kerala, it was first
reported in 1999 by Philip and Nair (1999) from Vellayani, Thiruvananthapuram.
Later, it was reported in Andhra Pradesh (Gourgopal and Jain, 2002) and Tamil Nadu
(Sharma et al., 2005).

Considering the disease severity, spread and economic loss caused by PRSV,
investigations were conducted on biological, immunological and molecular
characterization of this devastating pathogen of papaya. The evaluation of microbial
agents, plant products and various chemicals against the virus were also studied to

develop possible recommendations for the management of the disease.

The project was initiated with a purposive sampling survey in selected papaya
orchards in Thrissur district of Kerala namely Vellikulangara, Koratty, Venginissery,
Muringoor, Pazhayannur, Puthur and Vellanikkara. The variety Red Lady was found
to be widely cultivated in all the commercial orchards and was highly susceptible to
the disease. The disease incidence varied from location to location. In Vellikulangara,
the disease incidence was found to be as high as 99.60 followed by 98 per cent in both
Koratty and Venginissery, 97.5 per cent in Puthur and 96 per cent in Pazhayannur. The
percent disease severity recorded at Vellikulangara, Puthur and Pazhayannur were
48.67,96.67 and 55 per cent respectively. In orchards of Koratty and Venginissery, the
percent disease severity recorded was 65 per cent. Due to the increased demand of the
variety Red Lady, large quantities of the fruits have been marketed in and around the
district. Moreover, the fruits are also exported from Thrissur district to Middle - East
countries. This has led to a significant increase in the area under papaya cultivation
compared to last decade. The high incidence of disease in these areas might be due to
large scale year- around cultivation of the crop which might have helped the virus to
build up and endure in the papaya plants. Despite the high incidence of the disease in
Vellikulangara, findings on percent disease severity revealed that the severity of the

disease was comparatively less. This might be due to inborn tolerance of the papaya
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plant which is trying to resist the infection. Even then, the fruits did not meet the quality

standards for exporting due to the presence of ringspots on them.

High percent disease severity recorded in orchards surveyed in Puthur, Koratty
and Venginissery suggests the severity of the disease was very high. The cultivation of
a single variety viz. Red Lady in large areas might have helped in rapid spread of the
disease once variety becomes susceptible after breakdown of resistance due to selection

pressure of virus.

A wide. variation was observed in the disease incidence recorded in three
different plots of Muringoor viz., Plot 1 (85%), plot 2 (65.5 %) and plot 3 (25 %). High
incidence in the first two plots may be attributed to the infestation of the orchard with
aphids and mealybug and the weeds in between the rows where the insects would have
colonized. Reports on insect transmission studies revealed that aphids and papaya
mealy bug were the potential vectors of PRSV. A transmission percentage of 80 per
cent was recorded in Paracoccus marginatus Williams and Garnara de Willink,
followed by Aphis gossypii (40%) and 4. craccivora (30%) (Krishnapriya, 2015). The
lower incidence in plot 3 might be due to intercropping with banana which might have
served as a barrier to viruliferous aphids. Consistent to this statement, earlier reports
reveal that intercropped maize barriers have a reducing effect on the incidence and

severity of PRSV in endemic areas (Prasad and Kudada, 2005; Mederos et al., 2013).

Purposive sampling survey was also conducted in papaya orchard at Melur. The
disease incidence recorded at there was 39.28 per cent with a percent disease severity
of 40 per cent. The farmer was spraying the orchard with micronutrient sprays at
regular intervals and this might be the reason of reduced disease incidence. Use of
micronutrients was one of the strategies outlined by Verghese e al. (2001) for the
management of papaya ringspot disease. Manjunatha (2012) also studied the effects of
micronutrients on the disease incidence of PRSV at different stages of the crop and

observed a much reduced disease incidence compared to control plants.

\
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A roving survey was also conducted at the main campus of Kerala Agricultural
University, Vellanikkara and a PDI and PDS of 81.8 per cent and 51.8 percent were

recorded.

The development of symptoms of the disease was investigated in detail under
natural field conditions and artificial insect proof net house conditions. The most
important symptoms on leaves included chlorosis, mosaic, mottling, chlorotic spots
and vein clearing. In orchards where high severity was recorded, wavy leaf margins,
puckering, vein thickening, formation of green islands, clustering of veins, leaf
distortion and shoestring appearance were the symptoms that were observed
throughout. Presence of oily streaks on the petiole and oily ringspots on the green
regions of the stem were also observed as predominant symptoms. The fruits expressed
typical symptom in the form of concentric or broken few to many oily ringspots
depending on the degree of infection. The ringspots were observed in both young and
méture fruits. The canopy of the infected plants showed a yellow discolouration from
a distance and the leaves showed rosetting. Plants in advanced stages of infection failed
to produce flowers and fruits. In cases where fruit was produced, they were found to
be severely distorted and much reduced in size. In advanced stages of infection, there
was complete defoliation and collapse of the plant leading to its death. Those which
were affected at seedling stage, remain stunted and the newly developing leaves were
completely malformed. Similar findings were described in the earlier reports on
symptoms induced by PRSV (Torres and Giacometti,1966; Khurana and
Bhargava,1970; Surekha et al.,1977; Almeida and Carvalho,1978; Yemewar and
Mai,1980; Lana,1980; Kitajima et al.,1987; Lokhande and Moghe,1992; Thomas and
Dodman,1993; Hussain and Varma,1994; Dahal et al.,1997; Gonsalves,1998).

The symptoms developed in papaya under artificial conditions when inoculated

mechanically were documented and the plants developed initial symptoms 14 DAI.
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Initially, leaves turned pale green in colour and exhibited mild chlorotic spots.
Subsequently, the entire leaf produced mosaic symptoms. The incubation period and
initial symptoms were in line with the findings of Kunkalikar (2003) and Krishnapriya
(2015). In some cases, vein clearing was also observed in leaves after they turn pale
green. Mottling was observed in leaves 25 - 30 DAL Later, puckering was seen in
leaves leading to complete distortion. By the end of 2 MAI, there was complete

reduction in leaf lamina and the leaves presented a shoestring appearance.

Interestingly, there was masking of the symptoms in the artificially inoculated
papaya plants when there was a rise in temperature during summer. The newly
emerging leaves appeared healthy. Nevertheless, as soon as monsoon started and
temperature began to fall, all the symptoms including those in the advanced stage also
reappeared. Gonsalves and Ishii (1980) opined that the symptom expression is highly
influenced by environmental conditions and were more severely expressed during
cooler months. Findings by Kunkalikar (2003) and Singh and Shukla (2011) also
suggest that the symptoms were masked in high temperatures leading to mild incidence

of the disease.

The histological and cytological changes in the foliar tissue of papaya brought
about by PRSV infection were studied and documented. The comparative observations
revealed that the healthy tissues had intact palisade parenchyma, spongy mesophyll
cells, definite lower and upper epidermis of the cell and stomata. However, in case of
infected leaf, there was a disruption in the spatial arrangement of the cells. In general,
the palisade parenchyma was malformed losing their regular columnar shape and the
palisade and spongy cells were unable indistinguishable. Similar observations were

made by Kunkalikar et al. (2007) during histological studies of infected leaves.

The chlorotic nature of the infected leaves was understood from the histological
studies where complete disintegration of the chloroplasts was observed. In case of

green island symptom, agglutination and increased concentration of chloroplasts was
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observed all over the leaf tissue compared to the healthy tissue. It was also
characterized by presence of dense bodies. Mottled leaves showed irregular
distribution of chloroplasts and the chloroplasts were found to be aggregated in some
regions and disintegrated at some regions of the leaf tissue. The leaves with puckering
symptom exhibited hyperplasia of the cells. Similar ultrastructural and anatomical

changes have been documented by Singh and Shukla (2012).

The present investigation revealed 100 per cent transmission of PRSV
mechanically. The incubation period recorded was 14 days. The test plants also gave
positive reaction to DAC- ELISA. The results are in accordance with previous reports
(Reddy et al., 2007, Krishnapriya, 2015). Even though other reports state that PRSV is
mechanically transmitted, there is a difference in the incubation period and
transmission percentage. Bayot ef al. (1990) recorded a transmission of 60 per cent
while 80 per cent was recorded by Kelaniyangoda and Madhubashini (2008). Earlier
reports also reveal that the initial symptoms are expressed 18 to 22 DAI (Kunkalikar,
2003; Dhanam et al., 2011). The variations might be due to the difference in the virus

strain and environmental conditions prevailing at the time of inoculation.

Seed transmission studies were also conducted to check whether the virus is
seed - borne. None of the seedlings germinated from seeds of infected fruits expressed
any kind of symptom. Moreover, the seedlings gave negative reaction following testing
through DAC- ELISA. The earlier reports on seed transmission are congruent with the
present findings (Wang et al., 1978; Prasad and Sarkar, 1989; Dahal ef al., 1997,
Kunkalikar, 2003; Reddy et al., 2007; Krishnapriya, 2015). Notwithstanding these
reports, Bayot et al. (1990) reported a transmission of 0.15 per cent through seeds. This
variety of the crop, virus strain and temperature are factors governing seed transmission
(Gibbs and Harrison, 1976) which might be responsible for the variation in different

reports.
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In the present study, efforts were taken to ascertain the role of plants belonging
to family other than Caricaceae in being the reservoir of the virus inoculum. The results
of the experiment revealed that the host range of virus is limited to Caricaceae,

Cucurbitaceae and Chenopodiaceae.

In case of Chenopodium amaranticolor, pin point necrotic lesions were
observed on the inoculated leaves. Yeh and Gonsalves (1984) and Krishnapriya (2015)
induced local lesions following artificial inoculation in Chenopodium quinoa and not
C. amaranticolor. Moreover, in contrast to the results of the present study, several
researchers failed to establish Chenopodium as the host of PRSV (Story and Halliwell,
1969; Opina, 1986; Ramos, 1987; Lakshminarayan Reddy, 2000). When Dhanam et
al. (2011) conducted the experiment in C. guinoa and C. amaranticolor, the latter

produced local lesions 20 DAL

Momordica charantia and Cucumis sativus showed 100 per cent transmission
on mechanical inoculation of PRSV. Trichosanthes cucumerina and Cucurbita
moschata also presented symptoms with a transmission of 60 and 50 per cent
respectively. All the cucurbits showed systemic symptoms like chlorosis, mottling and
puckering except 7. cucumerina. The symptom development in 7. cucumerina was
restricted to necrotic lesions with chlorotic halo. Back inoculation of the symptomatic
leaves of cucurbits to indicator plant C. amaranticolor also developed local lesions
except in case of 7. cucumerina. The failure in development of systemic symptoms in
this host might be due to the host resistance factors and the variety of the crop as all
other cucurbits under study were inoculated at the same time with the same inoculum
of virus and maintained under the same insect proof net house conditions. In
congruence with the present findings in cucurbits other than T.cucumerina, Capoor and
Varma (1958) proved the mechanical transmission of PRSV to seven cucubitaceous
crops including 7. cucumerina and C. sativus. CMI (1984) has reported that PRSV
infecting papaya induces variable symptoms like vein clearing, mottling and

malformed leaves in cucurbits. Similarly, other research workers reported the
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transmission of PRSV from infected papaya to healthy cucurbits (Lima and
Gomes, 1975; Yemewar and Mali, 1980 and Yeh et a/,1984, Singh ef al., 2017). Chin
and Ahamed (2007) reported that PRSV-P infect wild bittergourd which grow as weed
plants. They also stated that mechanical transmission from the weed to cultivated bitter
gourd plants produced vein clearing symptoms 2 weeks after inoculation. The
cucurbitaceous plants under study except 7. cucumerina were tested positive for DAC-
ELISA. T. cucumerina did not give positive reaction in ELISA. Kunkalikar (2003) also
proved successfully the transmission of PRSV to M. charantia, T. cucumerina, C.

sativus and C. moschata which also gave positive reaction in DAC- ELISA.

In contrast to the above discussion, Kelaniyangoda and Madhubashini (2008)
failed to establish cucurbits as hosts of PRSV. Similar experiment conducted by
Dhanam et al. (2011) in different cucurbits revealed that zucchini alone expressed
symptoms following artificial inoculation. Remaining test plants under study belonging
to Amaranthaceae, Solanaceae, Fabaceae, Asteraceae, Musaceae, Malvaceae and
Cleomaceae failed to produce symptoms following PRSV inoculum up to 60 DAL The
previous reports by Lakshminarayan Reddy (2000), Kunkalikar (2003) and Singh ef al.
(2017) are in harmony with these findings.

As a part of biological characterization, the morphology of the virus particles
associated with the ringspot disease of papaya was also studied by taking electron
photomicrographs of the putative samples and they revealed the presence of flexuous
rod virus particles of size 807.74 nm x 12 nm. The length of the virus particles
documented under the present study was slightly higher than the earlier reports on
morphological studies where a size ranging from 750 - 800 x 12 nm was observed
(Lana, 1980; Chen, 1984, Dahal et al., 1997, Kunkalikar, 2003, Tripathi et al., 2008,
Dhanam et al., 2011).

ELISA is one of the sensitive tests for detection of virus. In the present study,
DAC - ELISA was validated to detect PRSV in leaf samples. Absorbance value read
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in ELISA reader were compared with that of healthy samples. In ELISA, generally the
replicated samples having mean absorbance value which is at least double than that of
the healthy sample were considered infected. Accordingly, the PRSV infection could
be easily detected in 1:200 dilution of the antiserum which showed positive reaction
with a high virus titre value. The absorbance value recorded in the suspected samples
were five times more than the value recorded in healthy control. This striking
difference in the absorbance values indicated that the suspected leaf samples are
heavily infected with PRSV. Similarly, DAC - ELISA was used to detect different
isolates of PRSV.by many researchers (Bayot et al., 1990, Kuan et al., 1999,
Kunkalikar, 2003, Krishnapriya, 2015).

An attempt was made to carry out molecular characterization of PRSV isolates
from Thrissur. Molecular approaches have gained much importance in the detection
and characterization of plant virus. The Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) provides a reliable method to exponentially amplify virus specific
cDNA in vitro using reported primers. Molecular or nucleic acid based techniques
overcome the problems associated with serological detection which involve time

consuming protocols.

Good quality RNA is essential for a reliable RT- PCR and PCR reaction. In the
present study, RNA was isolated using TRIzol reagent. While standardizing the
protocol for RNA isolation, it was observed that young leaves were more suitable than
older leaves. On resolving the RNA isolated from older leaves, it was found to be
degraded and contaminated with polysaccharides, phenols and proteins. This might be
due to high amounts of tannins and phenolics in older leaves compared to younger
ones. Isolation using TRIzol reagent gave good quantity of RNA in the present study
ranging from 1236.5 to 1735.1 ng/pl as revealed by spectrophotometer analysis. The
quality of RNA was assessed from the Aazeo280 ratio obtained in the Nanodrop
spectrophotometer which ranged from 1.95 to 2.09. It was further analyzed by
resolving in formaldehyde agarose gel (1%). The RNA analyzed in the agarose gel

\eid
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having three bands confirmed the purity of RNA without any DNA contamination. The
extraction using TRIzol reagent was easy to perform and could be completed in a short
period of time. Rio ef al. (2010) reported that TRIzol is a monophasic solution which
simultaneously solubilizes biological material and denatures protein. They also stated
that the addition of chloroform following solubilization enables phase separation where
RNA can be separated at the top layer in the aqueous phase without contamination of

DNA and proteins which get resolved in the interface and organic phase respectively.

The total RNA isolated from the healthy and infected samples were converted
to first strand cDNA using Thermo Scientific Revert Aid First Strand cDNA Synthesis
Kit. The cDNA was further used in PCR for the characterization of PRSV. The quantity
of cDNA synthesised from the different isolates ranged from 1332.5 to 1588.3 ng/ul as
revealed by spectrophotometer analysis. The A260/280 ratio ranged from 1.64 to 2.09.
For carrying out PCR, the cDNA was further diluted so that it consisted of 44.40 to
54.40 ng/ul which gave good quality bands on amplification.

Reported primers (Srinivasulu and Sai Gopal, 2011) specific to partial NIb
region, complete CP and 3 UTR region of PRSV were used for the detection of virus.
Adams et al. (2005) reported that the CP coding region of members of Potyviridae had
been mainly used to establish evolutionary relationships at both species and strain
levels primarily because majority of potyvirus sequences in the database were derived
from this region and it was multifunctional with major roles in virus life cycle and
virus-vector interaction. Among the viruses belonging to Potyviridae, species
identification was based on genetic information, host range, mode of transmission and
antigenicity (Berger et al., 2005). They stated that the genetic information mainly based
on CP region such as, the amino acid sequence identity of the CP should be less than
80 per cent and nucleotide sequence identity should be less than 85 per cent over the
whole genome. Moreover, the polyprotein cleavage site should be different from that

of other species.
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RT- PCR is considered the most reliable assay for the detection of virus in
infected papaya plants even at low concentration. In the present study, leaf samples
were also tested by RT-PCR to ensure that the plants with low virus load were not
neglected. The reported primers which were used in the study viz., PRSV-F: 5°-
ATCACAATGTATTACGC- 3" and PRSV- R: 5’-CTCTCATTCTAAGAGGCTC-3’
amplified the partial NIb region, complete CP region and 3° UTR yielded an expected
product of size ~ 1700 bp in all positive samples. Previously, RT-PCR analysis with
these primers had been successfully used for the detection of PRSV infecting papaya
from Calicut, Gulbarga, Thiruvallur, Hospet and Hyderabad regions of south India.
Similarly, Hema and Prasad (2004) used RT- PCR technique to amplify the CP region
of a south Indian isolate which yielded a product of 900bp. Jain et al. (2004b) also
carried out RT-PCR to amplify coat protein region of PRSV isolates from multiple
locations in India. The product size of the amplicon varied from 840- 858 nucleotides,

encoding protein of 280-286 amino acids.

The PCR products were sent to Agri Genome, Kochi for purification and
sequencing. Nucleotide BLAST of the sequences of all the isolates showed maximum
sequence identity to the Calicut isolate, KE-Ca (DQ666640.1) ranging from 90 to 95
per cent identity. The nucleotide sequences showed similarity to other south Indian
isolates reported from Tamil Nadu, Andhra Pradesh and Karnataka. The amino acid
sequences were also deduced from the nucleotide sequences using ExPASy translator
tool and the sequences of isolates under present study varied with respect to size. On
protein Blast, all the isolates except VK-1 showed maximum similarity to polyprotein
sequence of isolate KE-Ca from Calicut (ABG72803.1). Protein blast of isolate VK-1
showed maximum similarity to polyprotein sequence of isolate KA- Ho
(AAX07289.1). The variation observed in the isolates under present study might be

due to the introduction of new isolates to the area, mutations or movement of the virus
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through vectors and this might have caused change in the genetic composition of the
virus.

The nucleotide sequences obtained were used for phylogenetic analysis which
could be used to study genetic diversity. Availability of more sequences from Indian
sub-continent will help in proper assessment of sequence divergence within PRSV
population (Pushpa, 2014) . This would help to devise a long term management strategy
to prevent the loss of resistance due to evolution of new strains of virus. Partial NIb
and CP gene sequences in the present study were compared with 21 previously reported
isolates from India and from other geographical locations available in the Genbank
database. Further, a phylogenetic tree was constructed after aligning the sequences. It
was revealed that the isolates in the present study showed maximum similarity to
1isolate KE- Ca from Calicut (DQ666640.1). They are hence more closely related to
isolate KE- Ca. Isolates from Andhra Pradesh namely, PRSV-AP (AF323637.1), AP-
Ko (DQ666638.1), AP-RA (AY839863.1) and AP-Te (AY839864.1), from Tamil
Nadu namely, TA-Ti (DQ666641.1) and Karnataka isolates viz., KA-Gu
(DQ666639.1) and KA-Ho (AY839865.1) fall under the same subgroup as that of
isolates under the present study and hence exhibit low degree of divergence. A similar
clustering pattern of south Indian isolates was observed on phylogenetic analysis of

isolates from different locations in India (Srinivasulu and Sai Gopal, 2011).

The south Indian isolates reported from Tamil Nadu in cucurbits i.e. isolate TN
TDV SG1(KP161501.1) and TN MET PUM1 (KP161500.1) were more divergent than
the above mentioned south Indian isolates from Andhra Pradesh, Tamil Nadu and
Karnataka of PRSV in papaya. The divergence observed in these isolates might be
because they are different strains of the same virus . Even then, the isolates are closely
related to one another and exhibit low level of divergence compared to other known
isolates from Indian subcontinent. This inference from the phylogenetic tree
constructed is in accordance with the earlier reports by Pushpa (2014) who stated that

the low level of divergence might be due to the recent occurrence of PRSV in this
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region Another rationale behind this phenomenon might be the low selection pressure
of virus as stated by Sharma et a/.(2005). However, there are exceptions for south
Indian isolate which do not fall into this category and which lie outside the group of
interest such as isolates TN NGK PUM 1 (KP161494.1), TN NGK PUM2
(KP161494.1), TN NGK Cucu2 (KP161498.1). Moreover, isolate TN UDU RGI1
(KP161499.1) showed maximum divergence to all the other south Indian isolates and
formed an outgroup. Hema and Prasad (2004) reported that a recombination between
PRSV-P isolates can occur which might significantly contribute to divergence.
Interestingly, the north Indian isolate PRSV-UP (AF323638.1) was found to be very
divergent from the south Indian isolates and showed similarity to PRSV isolates from
Pakistan. The phylogenetic analysis conducted by Bateson et al. (2002) revealed that
PRSV-P isolates from Indian subcontinent are more diverse which is consistent with
the phylogenetic analysis in the present study. As opined in an earlier report (Jain et
al., 2004b), the higher sequence divergence within the PRSV population of the Indian
subcontinent could be ascribed to the wide range of cropping systems and cultivation

practices followed in different geographical regions.

Management of papaya ringspot disease under pot culture conditions was the
next aspect of the study. For this, an experiment was conducted using a susceptible
variety Red Lady. The efficacy of defense inducers, microbial formulations,
micronutrient and plant extracts in reducing the disease severity was studied. Five
applications of the treatments were given which included foliar spraying and soil
drenching. In order to assess the percent disease severity, vulnerability index was
calculated at weekly intervals after each spray. The first application of treatments out
of all the five was done prior to challenge inoculation in order to assess their effects

before inoculation if any.

Foliar spraying and drenching with 10 % leaf extract of Bougainvillea
spectabilis (T7) gave the best result throughout the experiment. After the final spray,

the least disease severity of 6.67 per cent was recorded in this treatment and it differed
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significantly from all other treatments. This clearly indicates that Bougainvillea leaf
extract is the most effective treatment for reducing disease severity. Prasad et al. (2007)
studied the effects of different plant extracts including Bougainvillea leaf extract
against BCMV infecting cowpea and found that it reduced the disease incidence up to
12 per cent compared to control plants under screenhouse conditions. When the same
leaf extract was mixed with inoculum of BCMV and inoculated to young seedlings, a
disease incidence of 42 per cent was recorded as against 80 per cent in control. A
similar experiment was conducted by Rajanimala et al. (2009) where they evaluated
the effect of defense inducers on expression of BGYMYV, a potyvirus and reported that
Bougainvillea leaf extract was the most superior treatment over others. A similar
finding regarding the inhibition of virus activity by leaf extracts of Bougainvillea was
reported by Reddy et al. (2006) where a 30 per cent reduction in expression of ULCV

in urd bean plants was observed.

The performance of Bougainvillea leaf extract may be ascribed to the
explanation by Verma and Dwivedi (1984), who isolated a virus inhibiting agent (VIA)
developed in several plants viz. Nicotiana spp., Lycopersicum esculentum, Cyamopsis
tetragonaloba, Cucumis melo, Crotalaria juncea and Datura stramonium following
application of Bougainvillea leaf extract. The active molecule was identified as a
proteinaceous compound which reached a maximum 24 hours after treatment with the

leaf extract.

Solubor (0.1%) (T13), a micronutrient also gave considerable reduction over
control plants. The percent disease severity recorded after final treatment application
was 15.55 per cent. However, the severity recorded in case of Solubor (1%) (T10) was
22.22 per cent. Moreover, the application of higher dose of Solubor resulted in
phytotoxicity following initial application in young leaves and the leaves became
necrotic. There are numerous reports about the use of micronutrients, especially boron
for management of papaya ringspot disease (Dar- Non- Wang and Ko, 1975; Lokhande
and Moghe, 1992; Jahir Basha, 2002, Kunkalikar, 2003, Lokesh, 2014). However, the
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results on percent disease severity in case of Sampoorna, micronutrient mix (T9),
showed disparity from the previous reports. The per cent disease severity recorded was
53.33 per cent in plants applied with Sampoorna in contrast to only 15.55 per cent

recorded in plants which were treated by 0.1 per cent Solubor.

Dordas (2008) described the role of micronutrients in controlling plant diseases.
The efficieny of boron in reducing disease severity may be accredited to the fact that
boron plays a major role in maintaining the cell wall structure and the cell membrane
and most importantly, the metabolism of plants. Generally, the virus attack impair the
cell and tissue structure which affects the translocation of nutrients. So, a foliar spray
with boron may be actively absorbed through leaves and help in functioning of the cells

bringing about some reduction in disease.

Pseudomonas fluorescens (2%) (T3) also gave results significantly different
from other treatments. The percent disease severity recorded in this treatment after final
application was 11.11 per cent i.e. a reduction of 86.66 per cent and it was found to be
significantly different from other treatments after Bougainvillea leaf extract (T7).
Earlier studies conducted on the evaluation of rhizobacteria in inhibition of diseases
caused by plant viruses reveal that various strains of Pseudomonas play a major role.
Van Loon ef al. (1998) reported that different strains of P. putida and P. fluorescens
confer resistance to Cucumber mosaic virus in cucumber and tomato; Tobacco mosaic
virus and Tobacco necrosis virus in tobacco. Similarly, Kumar et al. (2005) reported
that P. fluorescens was effective in reducing the disease incidence caused by BCMV,
a potyvirus infecting french bean. Similarly, in a study conducted by Ashwini (2015)
on the efficacy of P. fluorescens against BGYMYV in bitter gourd, the highest yield was

recorded in case of plants sprayed with 2 per cent P. fluorescens.

PGPR mix II (T4) which is also a microbial formulation consisting of a
combination of Pseudomonas and Bacillus, developed at KAU, was also tested in the

present study. After five applications, the percent disease severity recorded in this

\%
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treatment was 20 per cent. Ruwanthi et al. (2014) isolated Bacillus from the
rhizosphere region of papaya and applied this to test plants as soil application prior to
PRSV inoculation and spraying post inoculation. The results revealed a considerable
reduction in symptoms and also the virus titre as against control plants. Earlier
investigations also show that seed inoculation of watermelon seeds with Bacillus
polymyxa and B. megaterium gave a disease reduction of 25.1 per cent and 35.5 per
cent against viral disease caused by Watermelon mosaic virus -2 which is a potyvirus
whose genome structure is closely related to PRSV. Similar results were reported by
Abd El- Shafi and Yasser (2012) against ZYMYV, a potyvirus in squash plants where

two species of Bacillus viz., B. firmus and B. subtilis were evaluated.

Kloeppen and Schroth (1978) described P. fluorescens as a biocontrol agent
and as a plant growth- promoting microbe capable of reducing the concentration of
virus. This explains the possibility of induction of certain defense molecules in the

plant following the application.

Another botanical which was tested in the study was 10 per cent leaf extract of
Mirabilis jalapa (T6) where a percent disease severity of 17.77 was recorded after final
spray as against 97.77 per cent in control plants. A considerable reduction is observed
in case of this treatment from the first spray where a disease severity of 28.89 per cent
was recorded. Several research workers have published reports on the inhibitory effect
of Mirabilis jalapa on viral diseases. Verma and Kumar (1980) reported that Mirabilis
leaf extract causes a marked reduction in symptom suppression in several viral diseases
namely, Tomato yellow mosaic virus and Tomato yellow mottle virus in tomato,
Cucumber mosaic virus in cucumber. Reddy ef al. (2006) tested the efficacy of various
plant extracts on the inhibiton of ULCV in urdbean plants mechanically inoculated with
the virus and it exhibited maximum reduction of 30 per cent in plants sprayed with
Mirabilis jalapa leaf extract. Elsharkawy and El- Sawy (2015) also studied the effect
of Mirabilis jalapa as a spray treatment to control BCMV, a potyvirus both in green

house and field conditions. Earlier reports on the mode of action of Mirabilis suggest
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that it contains an antiviral protein known as ribosome inactivating protein (RIP) which
is effective against viruses that are mechanically transmitted (Kubo et al., 1990;
Takanami et al., 1990; Vivanco et al., 1999). The effect of Perfekt (T8), a commercial
viricide was also evaluated in the study. The results reveal that it gave a reduction of
73.33 per cent with respect to control plants. Perfekt is a combination of eleven herbs
as incidcated by the manufacturer and may follow the same principle as that of

Bougainvillea and Mirabilis in disease reduction.

Two defense inducers namely salicylic acid (150ppm) (T1) and acetyl salicylic
acid (150 ppm) (T2) was tested for inhibition of papaya ringspot disease. The disease
sev'erity recorded in case of salicylic acid was 17.77 per cent with 80 per cent reduction
from control after the final spray and the result is on par with Mirabilis jalapa leaf
extract (10%). The inhibition of several viral diseases by salicylic acid was reported
earlier by different workers. Kuc (1982) reported that the exogenous application of
salicylic acid induces SAR in plants. Qiu et al. (2003) described that root drenching of
papaya seedlings with BTH, an analogue of SA increased the accumulation of PRI
gene in papaya which is used as a marker for SAR. Furthermore, Zhang ef al. (2007)
and Pushpa (2014) reported SA as an efficient defense molecule capable of reducing
the incidence of PRSV. The mode of action of SA is explained by Radwan et al. (2007)
stating that it activates resistance through inhibition of some antioxidant enzymes,

catalase and peroxidase leading to accumulation of hydrogen peroxide in the cells.

In contrast to this, the severity recorded in case of acetyl SA (aspirin) was 48.89
per cent after the final spray and gave a reduction of only 48.88 per cent against control
plants. Earlier reports suggest that aspirin is a potential antiviral chemical capable of
activating the systemic resistance and cause reduction in severity of diseases caused by
fungi, bacteria and viruses (Antoniw and White, 1979; Abd-el-Said et al., 1996;
Senaratna, 2000; El Mougy, 2004; Horotan and Apahidean, 2015). Despite this, Reddy

et al. (2006) reported aspirin as the least effective among several defense inducers
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when tested against ULCV in urdbean which is consistent with the results of the present

study.

Humic acid was another treatment which was tested in the present study. After
the final application, the test palnts gave a reduction of 77.77 per cent against control
plants. Earlier reports point out that humic acid is capable of activation of resistance in
plants and suppression of diseases. The infectivity of TMV was reported to be
considerably reduced following application of humic acid (Polak and Pospisil, 1995).
Dmitrier et al. (2003) reported that application of humic acid enhanced the
concentration of some antioxidants such as, f-carotene, superoxide dismutases, and
ascorbic acid which played a major role in plant growth and development of disease
resistance. In congruence with the results of the present study, Kshirsagar (2014)
reported the delay in symptoms induced by PRSV on spraying seedlings with humic

acid 72 hours prior to mechanical inoculation.

While reviewing the literature on effect of potassium silicate in disease
suppression in plants, not much could be found regarding its effect on viral pathogens.
In the present study, the disease severity recorded in case of potassium silicate (T12)
i1s 17.77 per cent which is statistically on par with salicylic acid (T1) and 10 % leaf
extract of Mirabilis jalapa (T6). Zellner et al. (2011) reported a delay in systemic
symptom expression caused by Tobacco ringspot virus with high levels of silicate. In
line with the present findings, Elsharkawy and Mousa (2015) found that silicon
application to cucumber plants significantly reduced the severity of PRSV and its

accumulation in leaves.

Lecanicillium lecanii (T5), an entomopathogenic fungus was also used in the
present study. The treatment did not produce any beneficial results compared to other

treatments. The percent disease severity recorded after 5 applications was 88.89 per

AN
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cent as against 9777 per cent in control. Hence, this treatment, being an insect
pathogen had no effect under insect proof net house conditions. However, in case of
open field conditions, L. lecanii may be considered as a useful option as it is effective
against aphids which are vectors of PRSV. Yeon et al. (2008) reported 72 to 97 per
cent mortality in field evaluation of Lecanicillium against green peach aphid, Myzus

persicae which is a potential vector of PRSV.

The results were further scrutinized on the basis on biometric characters. The
plant height in case of Bougainvillea (T7) and Pseudomonas (T3) treated plants were
significantly different and they were identified as the superior ones. In terms of girth
of stem, Pseudomonas fluorescens (T3) exhibited a maximum value of 2.91 cm and
they significantly differed from all other treatments. The least plant height and girth
was recorded in untreated control plants. From this result, it is inferred that along with
suppressing the disease, these treatments support the plant to carry out normal

functioning by significantly reducing the virus inoculum in them.

In order to determine the influence of treatments on the virus titre, DAC-
ELISA of the test plants was conducted. The data on virus titre of test plants revealed
that 10 per cent Bougainvillea leaf extract (T7) was the most superior treatment with
the least absorbance value of 0.373 as against 1.474 in untreated control plants. This
clearly indicates that Bougainvillea is capable of activating the disease resistance
mechanism of the plants and reducing the multiplication of virus in the host. P.
fluorescens (2%) (T3) gave an absorbance value of 0.509 which is almost one- third of
the value obtained in untreated control plants. Both T7 and T3 were statistically on par.
The reduction in virus titre might be attributed to the presence of antiviral proteins
reported in earlier publications already discussed in this chapter. The results of DAC-

ELISA are in harmony with the PDS recorded in the experiment in the present study.

The data on chlorophyll content recorded after final application revealed that

the leaves of plants treated with Bougainvillea leaf extract (10%) (T7) possessed the
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highest chlorophyll content of 44.67 SPAD units. This was followed by P. fluorescens
(2%) (T3) where a chlorophyll content recorded after final application was 42.67 SPAD
units as against 17.66 SPAD units in untreated control plants. The high chlorophyll
content recorded in these two treatments might be due the inhibition of viral particles
that can allow normal growth and development of plants in comparison to the heavily

infected plants.

The expression of symptoms on untreated control plants was very conspicuous
throughout the experiment. The disease severity ranged from 57.55 to 97.77 per cent.
The higher disease severity may be because of the low atmospheric temperature
(Appendix VI). These observations are in line with earlier reports (Gonsalves and Ishii,

1980; Singh and Shukla, 2011).

To conclude, the present study revealed that Red Lady is the widely cultivated
variety in Thrissur for commercial purposes and is highly susceptible to PRSV. The
infected plants show a wide range of symptoms in the field which are reproduced in
healthy papaya plants when artificially inoculated with the virus inoculum. Plants
belonging to Cucurbitaceae also showed systemic symptoms following inoculation and
this was confirmed through DAC- ELISA. The indicator host, Chenopodium
amaranticolor also showed chlorotic local lesions after inoculation which confirms that
it is also a host. The study on morphology of the virus particles revealed that they are
typical rod shaped flexuous particles of size 807.74 x 12 nm confirming that they
belong to Potyviridae. The study has also helped to elucidate the characterization of
virus at the molecular level. As the coat protein gene is region specific, the availability
of nucleotide and amino acid sequences may help to develop transgenic lines more
suitable for that region in the future. Pot culture experiments revealed that different
plant extracts, microbial formulations and micronutrients have an influence on
reducing the virus titre. Bougainvillea spectabilis leaf extract and Pseudomonas
fluorescens were superior to other treatments which is evident from the results of

percent disease severity, virus titre in test plants and chlorophyll content.
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Future Line of Work

In future, studies on the impact of the disease on the economic yield can be
conducted. Simultaneously, the efficiency of treatments which performed well under
pot culture conditions can be evaluated in field. A commercial product based of
Bougainvillea which possess the anti-viral principles could be developed. Molecular
clones of CP gene could be used for the production of antiserum through recombinant
DNA technology and these could be used as disease diagnostic probes for more
sensitive molecular techniques like Nucleic acid spot hybridization. Information
obtained through characterization of CP gene could be used for development of region

specific virus resistant transgenic papaya lines through coat protein mediated resistance
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6. SUMMARY

Papaya is a fruit crop which is widely grown in both tropics and subtropics and
is of great economic importance. However, the diseases especially those caused by
viruses are a major hurdle for profitable cultivation. Papaya ringspot virus (PRSV) has
devastating effects on the yield of the crop and 100 per cent yield loss has been reported

from different locations across the globe.

The study entitled “Characterization, host range and management of Papaya
ringspot virus (PRSV)” was carried out in the Department of Plant Pathology, College
of Horticulture, Vellanikkara, Kerala Agricultural University during 2016 - 2018 with
the view to understand the symptomatology, mode of transmission, host range and
morphological characters of the virus. Additionally, the present study was undertaken
to characterize the coat protein gene of PRSV at molecular level. The present research
was envisaged to evaluate the effects of different defense inducing chemicals,

botanicals and microbial formulations on papaya ringspot disease.

Survey on incidence of papaya ringspot disease revealed the presence of PRSV
from 10 locations surveyed and the disease incidence in surveyed locations ranged
from 25.00 to 99.60 per cent. The maximum disease incidence of 99.6 per cent was
recorded in Vellikulangara on papaya variety Red Lady followed by 98 per cent in
Koratty and Venginissery on the same variety and 97.5 per cent in Puthur. The disease
incidence was found to be comaparatively low in a plot surveyed at Muringoor (25 %)
and Melur (39.28%). The disease was predominantly recorded on papaya variety Red
Lady which has high susceptibility towards PRSV.

The symptoms of PRSV under natural conditions were documented during the
survey in different locations. The most common symptoms noticed on leaves included

chlororsis mosaic mottling and chlorotic spots. In fields recorded with high severity,

\>%
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wavy leaf margins, puckering, thickening and clustering of veins and leaf distortion
were recorded. In extreme cases, complete reduction in leaf lamina was observed
making the leaf highly filiform and giving a shoestring appearance. Additionally, green
islands were also observed as a typical symptom on leaves. On the petiole of affected
leaves, elongated oily streaks were present which were discontinuous or broken and
congregated at the base of the petiole. Similarly, oily ringspots were present on the
green regions of the stem. On the fruits, typical ringspot symptom in the form of
céncentric or broken oily ringspots were present over the fruit surface in both young
and mature fruits. The number of ringspots ranged from few to many depending upon
the degree of infection. In advanced cases, the fruits were found to be malformed and

highly reduced in size making them unmarketable.

Tapering was observed in the crown region of the infected plants and the newly
emerging leaves presented a rosette appearance. In some cases, despite the infection,
the plants produced flowers and fruits. However, the plants affected at seedling stage
were found to be stunted and failed to yield fruits. Moreover, the girth of such plants
were also found to be highly reduced. In terminal conditions, 100 per cent defoliation

was observed finally leading to its death.

Typical foliar symptoms were reproduced on healthy seedlings of papaya when
they were mechanically inoculated. The incubation period of the virus was found to be
14 days. Initially, the leaves expressed chlorotic spots which coalesced to give a mosaic
mottled appearance. In some cases vein clearing was also seen as an initial symptom.
Later, as the infection advanced, leaf distortion and filiformity was observed similar to
that under natural conditions. Oily spots were observed on the stem region of the

seedlings. The infected seedlings were found to be stunted.

Cent per cent transmission of virus through mechanical inoculation of
infectious sap was recorded. However, the virus failed to induce the symptoms of the

disease in seedlings emerged from seeds collected from infected fruits indicating that
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it is not seed transmissible. As a part of biological characterization, host range studies
conducted on 21 plant species belonging to 6 different families against PRSV indicated
that the host range of PRSV is limited to Cucurbitaceae and Chenopodiaceae apart from
Caricacae, the family to which papaya belongs. Chenopodium amaranticolor gave
chlorotic local lesion symptoms on the leaves and did not show any systemic
symptoms. Cucumis sativus, Momordica charantia and Cucurbita moschata exhibited
systemic symptoms like chlororsis, vein clearing and mottling and the infection was
confirmed through ELISA. In contrast, in Trichosanthes cucumerina, the symptoms

were restricted to necrotic local lesions and failed to give systemic symptoms.

The morphological characters of the virus particles were studied through
electron microscopy and electron micrographs revealed that the particles were typical
flexuous rods of size 807.74 nm x 12 nm. Hence, the etiology of the disease was
conformed as Papaya ringspot virus, belonging to the genus Potyvirus and family

Potyviridae.

DAC- ELISA, an immunodiagnostic assay was validated by using the
antiserum specific to PRSV. The high absorbance value recorded in suspected samples

against healthy samples revealed the presence of virus.

Molecular diagnosis was standardized for the detection of PRSV. RNA
extraction was standardized using TRIzol reagent and cDNA from viral RNA was also
synthesized. PCR product of approximately 1700 bp was amplified using reported
priemrs specific to coat protein gene of PRSV which again proved the etiology of the
disease as PRSV. In silico analysis of five PRSV isolates revealed 95 to 90 per cent
nucleotide homology with PRSV strain KE- Ca reported from Calicut. The isolates
under present study also showed significant homology of amino acid identity (96-95
%) to the same strain KE- Ca. However, isolate VK-1 showed maximum amino acid
identity (94 %) to strain KA- Ho from Hospet. The phylogenetic analysis by the

alignment of CP gene sequences of present study with 21 other isolates also revealed
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that the isolates under present investigation were more similar to KE - Ca isolate
(DQ666640.1) from Calicut.

A pot culture experiment was conducted to evaluate the efficiency of different
defense inducers, botanicals, micronutrients and microbial formulations in reducing the
severity of papaya rinspot disease. Bougainvillea leaf extract (T7) showed maximum
reduction in the disease severity right from the first spray and significantly differed
from all other treatments. After final spray, the severity recorded in this treatment was
only 6.67 per cent as against 97.77 per cent in untreated control plants. Pseudomonas
fluorescens (2%) (T3) was also found to be superior where a disease severity of 11.11
per cent was recorded after the final spray. Since 14 treatments were tested against
PRSV, in order to deduce a conclusion, the results of percent disease severity was
further scrutinized by the statistical method proposed by Arunachalam and
Bandyopadhyay (1984) which again revealed that Bougainvillea leaf extract - 10 %
(T7) was the best treatment. The experiment was terminated after five sprays and the
apical leaves of the test plant were subjected to DAC- ELISA. The absorbance values
recorded for the different treatments at 405 nm revealed that Bougainvillea leaf extract
- 10 % (T7) and Pseudomonas fluorescens - 2 % (T3) were statistically on par and

superior to other treatments.

The biometric characters like plant height and girth of the stem of the test plants
were recorded at monthly intervals and a gradual increase in height and girth were
recorded in all treatments when compared to untreated control plants. The maximum
height of the plant (71 cm) and girth of the stem (2.91 cm) was recorded in
Pseudomonas fluorescens - 2% (T3) and was found to be significantly different from
all other treatments. This was followed by Bougainvillea leaf extract treated plants (T7)
which showed the next best result in terms of plant height and girth of stem viz., 70cm
and 2.5 cm respectively as against 35.60 cm and 1.38 cm in untreated control plants.
The chlorophyll content of the test plants was also assessed using SPAD meter and the

results revealed that the maximum value was recorded in Bougainvillea leaf extract
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(T7) treated plants (44.67 SPAD units) followed by plants treated with 2 %
Pseudomonas fluorescens (T3) where a chlorophyll content of 42.67 SPAD units was

recorded.
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APPENDIX I
Composition of Buffer for Mechanical Transmission
0.1 M Potassium phosphate buffer (pH: 7.0)

Prepare 1 M each of dipotassium hydrogen phosphate (K2HPO4) and potassium
dihydrogen phosphate (KH2PO4)

Combine 61.5 ml of IM K2HPO4 and 38.5 ml of KH2POas. Dilute the combined 1 M
stock solution to 1 litre with distilled water. Adjust the pH to 7.0 with pH meter.

APPENDIX II

Composition of reagents used for DAC- ELISA
1. Phosphate buffered saline (PBS - pH: 7.4)
Sodium chloride - 8.0 g
Potassium dihydrogen phosphate - 0.2 g
Disoudium hydrogen phosphate - 1.1 g
Potassium chloride - 0.2 g
Sodium azide - 0.2 g
Water - 1000 ml
2. Wash buffer (PBS- T)
Add Tween- 20 @ 0.5 ml/ L to PBS
3. Coating buffer (pH: 9.6)
Sodium carbonate - 1.9g
Sodium bicarbonate - 2.93g
Sodium azide - 0.2g
Water - 1000 ml
4. Antibody diluent buffer (PBS- TPO)
Add 20g PVP and 2 g ovalbumin to 11 PBS-T

07



5. Enzyme conjugate diluent buffer (PBS-TPO)

Same buffer used as antibody diluent buffer
6. Substrate solution (pH: 9.8)

Diethanolamine - 97 ml

Sodium azide - 0.2g

Water- 800 ml

APPENDIX III
Composition of buffer and dyes used for gel electrophoresis

1. DiEthyl Pyro Carbonate (DEPC )Water (0.1%) - pre-treatment of micropipette

tips, centrifuge tubes and glasswares

DEPC - 1 ml (Added in an amber bottle)

To this, add one litre of millipore water. Mix the contents using a magnetic stirrer
overnight

followed by double autoclaving.
2. 10 X MOPS buffer (500 ml)- buffer for gel documentation
MOPS (20 mM) - 20.93¢
Sodium acetate (50 mM) - 0.205 g
Sodium EDTA (10 mM) - 1.861 g
DEPC water - 1000 ml
3. Formaldehyde agarose gel (1%)
Boil 0.5 g agarose in 42.3 ml DEPC water. Add 5 ml 10 X MOPS buffer, 2.7 ml
formaldehyde and 2 pl ethidium bromide.

The dye was prepared as a stock solution of ethidium bromide (stock 10 mg/ml;
working concentration 0.5 pg/ml) and was stored at room temperature in a dark

bottle.



APPENDIX IV
Gel electrophoresis of PCR products
1. Electrophoresis buffer (50 X TAE)
Tris base: 242.0 g

Glacial acetic acid: 57.1 ml

0.5M EDTA (pH 8.0): 100 ml
Distilled water: 1000 ml

The solution was prepared and stored at room temperature

2. Loading Dye (6X)

0.25% Bromophenol blue
0.25% Xylene cyanol

30% Glycerol in water

The dye was prepared and kept in fridge at 4° C.
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APPENDIX V

List of laboratory equipments used for the studies
High speed refrigerated centrifuge: Kubota
Electrophoresis unit: BIORAD, Power Pac, HV, USA
PCR machine: Applied Biosystems
Gel documentation: BIORAD Molecular Imager (Gel Doc™ XR+)
ELISA plate washer: BIORAD, PW-40
ELISA plate reader: Microplate reader, 680, BIORAD



APPENDIX VI

Weekly atmospheric temperature data recorded during pot culture experiment

Month Weeks after Temperature
planting Maximum (°C) Minimum (°C)
October, 2017 0 314 22.8
1 31.9 22.8
2 30.9 22.2
3 32.0 21.5
4 335 22.7
November, 2017 5 32.3 21.9
6 32.8 20.8
7 33.8 21.6
8 32.0 22.5
December, 2017 9 32.8 21.0
10 32.7 21.4
11 323 21.5
12 32.8 20.3
January, 2018 13 33.2 19.8
14 32.7 21.8
15 33.8 20.7
16 34.1 214
17 343 20.5
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ABSTRACT

Papaya is an important fruit crop which is cultivated extensively both in tropics and
subtropics. During the last decade, the area under papaya cultivation has dramatically increased
due to the introduction of superior varieties. A major setback subsequent to the introduction of
such new varieties has been the incidence of papaya ringspot disease caused by Papaya ringspot
virus (PRSV) which leads to almost 100 per cent yield loss. Considering the importance of the
disease, the project was undertaken with the objectives of characterization of the virus, molecular
and immunodiagnosis along with disease management.

The research project was initiated with purposive sampling surveys conducted in different
papaya orchards of Thrissur district in order to document the symptoms under natural conditions,
to assess the incidence and severity of the disease and to collect infected samples for further
studies. The maximum disease incidence and disease severity recorded were 99.6 and 96.67 per
cent on papaya variety Red Lady from Vellikulangara and Puthur respectively. The development
of symptoms was studied under artificial conditions also through mechanical inoculation of
healthy papaya seedlings with virus inoculum maintained in insect proof net house conditions. The
salient diagnostic symptoms of the disease observed on leaves were chlorotic spots, mottling, vein
thickening, puckering, leaf distortion, shoestring symptom along with presence of oily streaks on
the petiole. The fruits of infected plants presented typical oily concentric or broken ringspots on
fruit surface along with malformation. Histopathological studies of infected leaves revealed
disruption of the epidermis, disorganization of parenchyma, disintegration of chloroplasts and

deposition of crystalline bodies.

The studies on virus transmission confirmed that it is transmitted through plant sap from
infected to healthy papaya plants. Seed transmission studies revealed that PRSV is not seed -borne.
Twenty one plant species including weeds seen in and around papaya orchards were tested for
studying the host range of the virus and only five plant species viz., Cucumis sativus, Cucurbita
moschata, Trichosanthes cucumerina, Momordica charantia and Chenopodium amaranticolor
developed symptoms after artificial inoculation of PRSV and thus proved to be the hosts of the
virus. Morphological characterization done using electron microscopy showed the presence of
typical flexuous rod particles of size 807.74 nm x 12 nm which indicated that the virus belongs to

genus Potyvirus and the etiology of the disease was confirmed as Papaya ringspot virus.



Immunodiagnostic technique was validated using Direct Antigen Coating - Enzyme Linked
Immuno Sorbent Assay (DAC-ELISA) and infected samples showed positive reaction to PRSV
antiserum and could be detected at 1:200 dilution of primary antibody and 1:10,000 dilution of
secundary antibody. Molecular characterization of PRSV was also carried out through Reverse
Transcription Polymerase Chain Reaction (RT-PCR). The nuclear inclusion b (NIb) gene and the
coat protein (CP) gene were amplified using reported primer pairs which yielded amplicons of
approximate size of 1700 bp. The PCR products were outsourced for sequencing and in silico
analysis of the sequences obtained revealed that the isolates of present study are more similar to

Calicut isolate of PRSV, PRSV- Ca (DQ666640.1)

A pot culture experiment under insect proof conditions was also conducted to evaluate the
effects of selected botanicals, chemicals and biocontrol agents for disease management. Among
the fourteen treatments, Bougainvillea leaf extract, 10 per cent (T7) was the most effective with
lowest disease severity (6.67%) followed by foliar spray and soil drenching with Pseudomonas
Sluorescens 2 per cent (T3) with a disease severity of 11.11 per cent as against 97.77 per cent
recorded in untreated control plants. Plant height recorded after each treatment application
revealed that both 10 per cent Bougainvillea leaf extract (T7) and 2 per cent P. fluorescens are
equally superior to all other treatments. However, with respect to mean girth of stem, maximum
value (2.91 cm) was recorded in P. fluorescens (T3) The data on virus titre of all treated plants
assessed through DAC-ELISA revealed that the concentration of virus particles was minimum in

plants treated with T7 and T3.

The outcome of this study would facilitate early detection and elimination of source of
virus infection and thereby prevent the spread of disease in the field. The information generated
on molecular characterization of PRSV isolates under could be applied in genetic engineering. The
project also revealed the potential of botanical, Bougainvillea spectabilis leaf extract and
biocontrol agent, Pseudomonas fluorescens for the ecofriendly management of papaya ringspot

disease.






