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ABSTRACT 

Crude sap of pepper Capsicum frutescens L. 'NM 6-4' infected with pepper 

mottle virus (PeMV) was treated with nitrous acid to induce mutants. Twelve 

isolates were selected from two distinct types of local lesions on Capsicum 

frutescens L. 'tabasco'. Of the twelve isolates, four produced mild symptoms on 

both pepper foliage and fruit. When these mild isolates were inoculated to pepper 

plants and subsequently challenged with wild type PeMV, they protected the plants 

from the severe effect of the wild type isolate. Marketable pepper fruit from these 

protected plants was not significantly different from fruit from uninfected pepper 

plants. 



8 

INTRODUCTION AND LITERATURE REVIEW 

Pepper mottle virus (PeMV) was first found in Capsicum annum in 1970 in 

Delray Beach, Florida and El-Frida Arizona (16,37). It is one of the major limiting 

factors of pepper production in Arizona, New Mexico, California, Florida and 

Mexico (16,17,18,37). Pepper mottle virus produces very severe mosaic on 

peppers. Infected fruits are deformed and not suitable for canning. All pepper 

cultivars are susceptible to the virus. Attempts to develop resistant cultivars have 

failed although resistant germplasm has been identified in wild peppers (17). In the 

absence of resistant cultivars alternate control measures need to be developed. 

Use of chemicals to control insect vectors is not effective and may aggravate the 

problem. Since peppers are frequently grown in nurseries and subsequently 

transplanted to the field, cross protection by mechanically transmitted mild PeMV 

strain would be a possible method to minimize the effects of severe strain on yield 

of peppers. In some cases control using alternate host has been effective and 

stylet oil has been used (Personal comm. Nelson et. al.). 

Cross protection was first demonstrated in 1929 in tobacco with tobacco 

mosaic virus (TMV) (14). Tobacco plants infected with a mild light green strain of 

TMV showed no additional symptoms when subsequently inoculated with a severe 

strain that caused yellow mosaic. Since its discovery many plant virus systems 

have been demonstrated to exhibit this phenomenon (20,21,22,26). Attempts have 

been made to explain the phenomenon of classical cross protection wherein one 
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virus interferes with another virus in doubly inoculated plants. The initially 

inoculated virus is called inducer and the subsequently introduced virus is called 

challenger. In virus combinations that have been studied so far the inducers or 

challengers are either localized or become systemic and have been inoculated to 

the same or different leaves. 

SOURCES OF MILD STRAIN 

A) Selection from natural population. Mild strains are found in nature. A mild 

strain of citrus tristeza virus (CTV) was isolated from vigorous trees growing in the 

area severely affected by the disease (15). A mild strain of zucchini yellow mosaic 

virus was isolated from melon plant infected with the severe strain of the virus 

(10,11). 

B) Induced mutation. It is not always possible to find a mild strain from natural 

populations. Therefore mild strains are obtained alternatively by selection from 

mild mutants. Mutants are induced by: 

1) Heat. Treatment of virus infected plants with high temperature followed 

by selection of mild isolates from the treated plant has proven successful. 

The method was used in Japan to find a mild mutant of TMV tomato strain 

(19). A temperature sensitive mutant LEI-A of TMV was obtained from high 

temperature treated infected plants, and was used successfully to control 

tomato mosaic in Japan (19). 



2) UV light. Another method to obtain mutants is through the use of ultra 

violet light. When alfalfa mosaic virus (AMV) nucleoprotein was treated with 

UV, mutations were induced in all RNA components (24,30). 

3) Chemical. The most successful and effective method to induce 

mutants is the use of chemicals. Chemical mutagens, especially nitrous 

acid, have proven to be successful for RNA viruses. An intact plant virus, 

when treated with nitrous acid, mutates as a result of oxidative deamination 

of nitrogenous bases. Adenine is converted to hypoxanthine and cytosine 

is converted into uracil (28). In most cases, longer exposures to chemical 

are lethal to viral RNA and viruses lose infectivity. However, with the 

optimum exposure time, some virus particles survive that have changes in 

their genome and properties. Mutant MI-16 of TMV, HA 5-1 and HA 6-1 of 

papaya ring spot virus (PRV) are examples of chemical mutants (23,33). 

Papaya ring spot virus mutants HA 5-1 and HA 6-1 are currently being used 

to control PRV in papaya in Taiwan and some other papaya growing areas 

(34). 

ISOLATION OF MUTANTS. 

Mutants can be isolated by several different methods: 

A) Local lesion. Local necrotic lesions probably contain the progeny of a single 

virus particle (28). The method is most convenient to isolate mutants. Treated sap 
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from virus infected plants is applied to local lesion host and individual lesions are 

transferred to systemic host. Mutants of TMV and PRV were obtained by this 

method (23,33). 

B) Use of differential host. Induced mutants sometimes are different in their 

biology from the original virus isolate. The variants which change from systemic 

to local lesions can be readily detected by using differential hosts. 

C) Direct inoculation of systemic host. Occasionally mild virus mutants have no 

local lesion host or induce local lesions from which no infectivity can be recovered. 

In this case, treated virus can be inoculated to a large number of systemic hosts 

through a series of dilutions to detect mild mutants in individually infected plants. 

The technique was employed to isolate certain variants of TMV (28). 

TYPES AND MEASUREMENT OF CROSS PROTECTION 

Several workers have tried to measure cross protection in several different 

ways. Four common methods used to measure cross protection quantitatively are 

discussed below (7). 

A) Decrease in Lesion Number. Early investigators studied the acquired 

immunity by subjective estimation of symptom suppression. However, later 

investigators produced quantitative data. When related viruses were tested for 

cross protection, inoculation with inducer virus gave 100% protection from local 

lesions of challenger virus. Examples include protection in tobacco (Nicotiana 



tabacum) by the inducer cucumber mosaic virus (CMV), potato virus Y, tobacco 

etch virus TMV against challenger, cabbage black ringspot virus and potato virus 

X (PVX) (29). In another case, mottled leaves of zinnia plants, infected with 

systemic strain of CMV, became immune to challenger necrotic type CMV strain 

and did not produce any local lesions. These plants, however, did not show any 

protection against necrotic strains of TMV and produced local lesions as usual 

(21). 

B) Decrease in lesion size. The other parameter used to measure cross 

protection was lesion size. In a study of local and systemic induced resistance, 

inducer viruses produced hypersensitive reaction and did not move systemically 

at normal greenhouse temperatures. Lesions of challenger virus were reduced in 

size as well as number (25). Decrease in size was not as great when the inducer 

was nonnecrogenic and systemically infecting (PVY) (4) as when the inducer virus 

was necrogenic non-systemic (TMV or Tobacco necrosis virus) (2). 

C) Reduction in challenger virus concentration. In situations where a 

challenger virus can be assayed quantitatively in an alternate host, concentration 

of the challenger virus can be readily determined. Concentration of PVX and TMV 

decreased in test plants inoculated with unrelated viruses as compared to 

uninoculated control plants (28). There was a 65-80% reduction in yield of 

common TMV in host plants inoculated with coat protein mutant PM1 (32). 

Concentration of challenger virus sometimes depend upon the host virus 



combination used. Experiment with two strains of squash mosaic virus (SMV) 

illustrated this phenomenon. Strains IH and IIA of SMV were studied in cantaloupe 

(Cucumis melo) and pumpkin (Cucurbita melo). In cantaloupe concentration of 

strain IH was higher in mixed infections even when the inoculum concentration of 

IH strain was much less than that of IIA. In pumpkins both the strains multiplied 

equally well and dominated roughly in 50% of the plants inoculated simultaneously 

on opposite cotyledons with the same virus concentration (1). 

D) Prevention of Symptoms. The original concept of cross protection is that 

systemic infection by an inducer virus prevents infection by a challenger virus and 

that there is a notable reduction of symptom severity induced by its challenger 

virus. Tobacco when infected with green strain of TMV did not produce any 

further symptoms when super inoculated with yellow strain of the virus (14). 

Similar observations were made by several other workers (21,22,23,26). 

Although cross protection is a general phenomenon of plant viruses, and 

has been shown in many plant virus combinations (7,9,14,15,20,21,26), not all 

plant viral diseases can be controlled by using mild strains for preimmunization. 

In order to qualify for use in field, to cross protect from severe effects of a virus 

infection, a mild strain has to meet certain criteria: 

1. It should not cause severe damage to the protected plant. 

2. Be stable for long time. 

3. Protect plant against the effect of severe strain. 
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4. Be suitable for infecting large number of plants. 

5. Not effect other plants in the vicinity. 

6. Have no synergistic reaction with other viruses. 

EXAMPLES OF SUCCESSFUL CROSS PROTECTION 

A) Tobacco Mosaic Virus. A mild chemical mutant of TMV (MI-16) was produced 

in Holland, with the mutagen, nitrous acid, from a common tomato strain of TMV 

(23). This mutant was used commercially in a large proportion of the greenhouse 

grown tomato crop in Holland and in U. K., until resistant varieties became 

available. Successful control of tomato mosaic disease by a temperature induced 

attenuated mutant (L11 A) has been reported in Japan (19). This mutant and a 

naturally occurring mild TMV strain have been tested for cross protection in field 

grown tomatoes (19). Control and induced plants were challenged with a severe 

strain of the virus which normally causes yellow mosaic and stunting. Almost 

complete protection was provided by either the mild strain or MI-16 as judged by 

fruit number and size. About 1% of the protected plants developed severe mosaic 

symptoms late in the growing season, but because of timing there was no overall 

effect on fruit yield or quality. These mild strains form Holland did not protect 

against TMV isolates from greenhouse tomatoes in Arizona (Personal 

communications M. R. Nelson). 

B) Citrus Tristeza Virus. The most dramatic commercial success with the cross 
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protection phenomenon is with CTV, a closterovirus that is important worldwide. 

Transmissible in some areas by aphids, this virus disease caused devastating 

losses in citrus with certain stock-scion combinations, producing necrosis and 

phloem destruction in the root stock and the rapid death of the tree. Millions of 

trees have been killed in South America alone (15). Mild strains of CTV were 

found and isolated from trees showing mild symptoms in Brazil (15). These mild 

CTV strains were shown to cross protect against severe strains in several citrus 

varieties. In Brazil, the number of protected sweet orange trees exceeded 8 million 

in 1980, with no breakdown in protection yet observed (3). 

3. Papaya Ringspot Virus. Papaya ring spot virus is one of the most destructive 

diseases of papaya in areas of Hawaii, Florida, Central and South America, Africa, 

India, and the Far East (34). The virus is transmitted by aphids in nonpersistent 

manner and is a member of potyvirus group. With no successful control measures 

for PRV, cross protection was attempted with two chemically induced mutants 

(PRV HA 5-1 and PRV HA 6-1) (33). Seedling inoculation of papaya with these 

mutants successfully controls the virus and is now routinely used in Taiwan. With 

the use of mild mutants, severe disease incidence decreased from 85% to 29% 

in some countries during 1987. In some cases the increase in yield was 109% 

more than in unprotected plants. A mild mutant of PRV is also being tested in 

Florida, Mexico Hawaii and Thailand (34). 

D) Zucchini Yellow Mosaic Virus. Zucchini yellow mosaic virus (ZYMV) is one 
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of the most destructive pathogens of cucurbits in the world (8,13). No useful 

resistant cultivars are available. A mild strain of ZYMV-WK, was recovered from 

a melon plant by single lesion isolation from a poorly aphid transmissible isolate 

E15-PAT in France (10), and cross protected from a severe strain of ZYMV. In 

green house experiments it provided protection against four strains of the virus in 

cucumber, melon and zucchini squash (31). In field experiments mild strain 

provided excellent protection against the Taiwan strain under mild and severe 

disease conditions. Yield increases of marketable zucchini squash were 2. 2 and 

40 times greater than that of control plants under moderate and high disease 

conditions, respectively (11,31). 



MATERIALS AND METHODS 

Virus Isolates. Pepper mottle virus strain (PeMV-AZD) was provided by Dr. 

Merritt R. Nelson, University of Arizona. The strain was originally isolated from 

Cochise county, Arizona and has been maintained in Capsicum frutescens L. 'New 

Mexico 6-4'. The virus produces local lesions on the leaves of Capsicum 

frutescens L. 'tabasco'. All pepper test plants and virus production plants were 

grown in 4 inch pots in a 50-50 peat sand mix. The tabasco plants were not used 

until they had developed woody stems. Such plants gave optimal lesion 

production and were not subject to stem necrosis and death as were younger 

plants (17). 

Artificial Induction of PeMV-AZD Mutants. Nitrous acid, a powerful mutagen 

(6,15,28,33), was used to induce mutants from PeMV-AZD. Leaf tissue of pepper 

Capsicum frutescens L. 'NM 6-4' infected with PeMV-AZD two to three weeks 

earlier, was ground in distilled water (1 gm/ 4 ml). After it had been strained 

through cheesecloth, the crude sap was centrifuged in a Beckman JA-20 rotor at 

8,000 rpm (7740xg) for 10 min. Aliquots of supernatant were divided into 4 x 1 ml 

parts. Sodium nitrite and sodium acetate were added to a final concentration of 

0.4 M and 0.1 M (adjusted with acetic acid to pH 6. 0) respectively. The reaction 

was stopped by adding an equal volume of 0.1 M phosphate buffer pH 7. 0 to the 

3 aliquots after 10, 20, 30 minutes respectively (T1 = 10 min. , T2= 20 min., and 

T3= 30 min.). In the control (TO ) treatment an equal volume of distilled water 



was added to bring the volume up to the levels of other treatments. All the 

mixtures were inoculated immediately on the local lesion host C. frutescens 

'tabasco' 6 leaves per plant. Four plants were used in each treatment. Local 

lesions appeared after 10-15 days and were counted for each treatment. In further 

experiments, nitrous acid treatment was standardized at 25 minutes (T 2.5) 

because of the small number of local lesions in T2 (20 Min.) and T3 (30 Min.). It 

was anticipated that there would be a high degree of mutation in these treatments 

(28). Single local lesions on C. frutescens 'tabasco' were removed from the 

leaves with a sharp sterilized razor blade and ground in a few drops of 0. 1 M 

phosphate buffer. Twenty two nm (600 mesh) carborundum was then added and 

young plants of C. frutescens 'NM 6-4', a systemic host, at 5-6 leaf stage were 

inoculated by dipping a finger in the inoculum and gently rubbing on the leaves. 

Symptoms were recorded as they developed. 

Testing of Mutants for Cross Protection Potential. Eleven single lesion isolates 

were selected on the basis of mild symptoms on NM 6-4 to test their effectiveness 

in cross protection. One severe isolate was included as a control. Pepper (C. 

frutescens 'NM 6-4') plants were grown in speedling trays and then transferred to 

6 inch pots. Eight plants were used in each cross protection test. Tissues 

infected with isolates selected for the test were ground in 0.1 M phosphate buffer 

pH 7.0 at a ratio of 1 gm/2ml. Test plants were then inoculated using a plumbers' 

acid brush. Carborundum (600 mesh) was added just before inoculation. All 
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plants were randomly placed in greenhouse in separate blocks. Twenty days after 

inoculation, when symptoms had fully developed, half of the plants in each 

treatment were inoculated with the wild type isolate to test the ability of the mild 

mutants to cross protect against the wild type isolate. Peppers were harvested 

when almost all plants bore fruit and there were signs of reddening on fruit of 

some plants. Data on fruit marketability, weight, length and width was recorded. 

A scale of 1-4 was used to categorize the marketability of fruit. The description of 

categories are as follows (Fig 1): 

Category No. Description 

1. Normal fruit, smooth surface, no chlorotic streaking to very 

few light green streaks; fruit straight to slightly curved. 

2. Smooth to slightly bumpy surface with few narrow chlorotic 

streaks. 

3. Surface bumpy, narrow chlorotic streaks with yellow color 

more pronounced, fruit slightly disfigured. 

4. Surface very bumpy, numerous broad chlorotic streaks which 

tend to coalesce, fruit disfigured and generally smaller. 

To avoid bias in evaluating the fruit marketability, the evaluator did not know 

the plant of origin of the fruit during the evaluation. Plants were cut back and a 

reading on fruit quality was recorded for the second crop also for all the isolates. 
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Figure 1. Representative of different classes of pepper fruits harvested from 
the cross protection experiments. This class scheme was used to 
catagorize all the pepper fruits. 

1. Normal fruit, smooth surface, no chlorotic streaking on the 
fruit. 

2. Smooth to slightly bumpy surface with narrow chlorotic 
streaks. 

3. Surface very bumpy, narrow chlorotic streaks with 
pronounced yellow color. Fruit slightly disfigured. 

4. Fruit disfigured, numerous broad chlorotic streaks. 
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Data was analyzed using SAS procedure GLM and where appropriate rank 

procedure was used to analyze variance of ranks (Friedman test) (27). Friedman 

test was used for analyzing fruit categories and percent marketability because 

these data were not distributed normally. 



Conditions for mutagenic treatment. Infectivity of PeMV-AZD infected plant sap 

decreased as time of nitrous acid treatment increased. Figure 2 shows the 

number of local lesions produced by PeMV treated with nitrous acid at different 

incubation times. Trend of the local lesion production on tabasco was the same 

in two separate experiments. In experiment 1 number of local lesions decreased 

from 624 in control to 57, 21 and 1 in T1, T2 and T3 respectively. In experiment 

2 the number decreased from 177 to 59,11 and 1 in T1, T2 and T3 respectively. 

On the basis of these data, the time selected for nitrous acid exposure for mutant 

induction was 25 min. In this treatment, as most of the virus particles loose their 

infectivity, the survivors are more likely to be mutants. 

Selection of mutants from mutagenic treatment. Single lesion isolates were 

selected from four different mutation experiments based on their lesion morphology 

(Table 1). Two types of local lesions were observed. Lesions of the first type were 

morphologically identical to wild type but smaller in size (Fig 3-4). Wild type local 

lesions started as small necrotic spots and then continue to increase in size up to 

15 days. Lesions of second type were chlorotic in the beginning but later 

developed a necrotic border (Fig 3-4). This type of local lesion was only 

associated with the nitrous acid treated inoculations. A total of 90 lesions were 

selected and were transferred to C. frutescens 'NM 6-4'. Symptoms on C. 

frutescens 'NM 6-4' appeared 10-15 days after inoculation. Out of 90 lesions 
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Figure 2. Effect of nitrous acid treatment on number of pepper mottle virus 
local lesions on tabasco. 

Leaf extract of pepper Capsicum frutescens L. 'NM 6-4' infected with 
PeMV was treated with nitrous acid for different lengths of time and 
rubbed on Capsicum frutescens 'tabasco' pepper. Number of local 
lesions produced were counted for each treatment. Figure illustrates 
the data from two serparate experiments. In noth experiments, 
number of local lesions decreased as the time to nitrous acid 
exposure increased. 

Arrow indicates the nitrous acid exposure time used in further 
experiments. 
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Table 1. Local lesions selected from sap containing PeMV and treated 
with nitrous acid. 

Experiment Lesion type 1 Lesion type 2 

1 10 25 

2 5 10 

3 20 10 

4 5 5 

TOTAL 40 50 

Mutants tested* 10 2 

Type 1. Lesion smaller in size and necrotic, resembles wild type lesions. 

Type 2. Lesion chlorotic in the beginning but later developed necrotic border, 
not present in wild type inoculations. 

* Number of mild mutants selected out of each lesion type for further 
trial. 
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Figure 3. Types of local lesions produced by wild type and nitrous acid 
treated PeMV. 

Top. Wild type local lesions on tabasco leaves. Lesions start as 
small necrotic spots and grow bigger with sunken centers. 

Bottom. Local lesions formed by an isolate of nitrous acid treated PeMV. 
Lesions start as small chlorotic spots then increase in size with 
incomplete necrotic border. 
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Figure 4. Schematic of two types of local lesions formed by wild type and 
mutant pepper mottle virus on tabasco plants. 

Top. Early (A) and late (B) stages of development of wild type local 
lesions. Early lesions are small and late are bigger with sunken 
centers. 

Bottom. Early (C) and late (B) stages of development of local lesions 
after treatment with nitrous acid. Older lesions develop 
incomplete necrotic borders. 





transferred, 40 were of type 1 and 50 were of type 2. Of special interest were 

those plants showing symptoms which were milder than the wild type isolate and 

distributed throughout the plant. One of the isolates showed more severe 

symptoms than the wild type. Twelve isolates were selected for further testing 

based on symptoms and plant growth patterns (Table 1). Except isolate 7216, all 

the isolates selected for further testing produced milder symptoms on plant than 

wild type isolate. Isolate 7216 produced severe symptoms (Fig 5). Effects of 

these mutants on pepper yields are summarized in Table 2. The parameters 

measured were fruit weight, length, width, disease severity and percentage of 

marketable fruit. Although there were statistically significant differences among the 

isolates in the parameters measured, disease severity and percentage of 

marketable fruit were of particular interest. All 12 isolates tested are categorized 

into three groups based on these two parameters. Isolates 3230, 7210 and 7216 

produced severe symptoms on the fruit comparable to PeMV-AZD. Less than 25% 

of the fruit was marketable as a result of infection by these isolates. Isolates 4211, 

7204, 7221, and 7224 produced milder symptoms on the fruit and most of the fruit 

was of marketable quality. Isolates 4214,5301, 7201,7205 and 7211 did not affect 

the fruit quality and the quality of the fruit was comparable to that from control 

plants. Out of all 12 isolates, plants infected with five isolates: i. e. 4214, 5301, 

7201,7205 and 7211 produced 100% marketable fruit and weight of the fruit 

obtained from these plants was the same as that of control plants. Plants infected 
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Figure 5. Comparison of the symptoms of wild type with two nitrous acid 
mutants of pepper mottle virus on pepper NM 6-4. 

1. Wild type plant showing systemic mottle characteristic 
of PeMV. 

2. Mild isolate 4214. Healthy looking with very mild 
mosaic. 

3. Severe isolate 7216. Plant showing very severe 
symptoms. Growth of plant is stunted as compared 
with wild type plant. 

4. Healthy. 





with isolates 3230, 7210 and 7221 produced fruit at the same weight as the control 

but marketable fruit produced were 25, 12. 5, 50% respectively of the healthy 

control. 

Effectiveness of mutants in cross protection. Results from cross protection 

experiments are summarized in Table 2. In cross protection experiments, New 

Mexico 6-4 pepper plants were inoculated with the 12 described isolates as 

inducers. The infected plants were inoculated subsequently with wild type PeMV 

as the challenger. Peppers were harvested at the end of growing season. 

Percentage of marketable fruit, disease severity, fruit weight were measured to 

assess the effectiveness of cross protection by the single lesion isolates against 

wild type PeMV infection (Table 2). Out of 12 isolates tested, pre inoculation with 

5 isolates (4211,4214,5301,7201 and 7211) apparently protected infection by wild 

type PeMV. Plants initially inoculated with these isolates produced good fruit 

weight and 100% marketable fruit when challenged later with wild type PeMV. 

Except for the extremely mild symptoms induced by these isolates, no severe 

symptoms associated with wild type PeMV infection were observed in the 

challenged plants. Infection with another mild isolate (7205) did not protect 

infection by wild type PeMV as well as others. This isolate induced mild 

symptoms by itself and infected plants yielded 100% marketable fruits. Percentage 

of marketable fruits dropped to 85% when isolate 7205 inoculated plants were 

challenged by wild type PeMV. Plants protected by inoculation of other isolates 
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Table 2: Fruit gross weight and marketability of chili pepper Capsicum frutescens 'NM 6-4' 
infected with mutants of pepper mottle virus, challenged and unchallenged with wild 
type. 

Unchallenged Challenged 

Weight Weight 

Isolate Gross 
(gms) 

Category Percentage 
of fruits 
marketable 

Gross 
(gms) 

Category Percentage 
of fruits 
marketable 

3230 165.13 3.1 25 171.49 2.5 52 

4211 201.02 2.0 87.5 207.40 1.9 100 

4214 215.01 1.4 100 197.08 1.3 100 

5301 231.29 1.7 100 203.92 1.5 100 

7201 185.57 1.4 100 180.80 1.3 100 

7204 157.28 2.5 69.5 136.22 2.8 28.5 

7205 179.19 1.8 100 176.33 1.7 87.5 

7210 168.98 3.5 12.5 116.06 3.4 0 

7211 119.88 1.0 100 159.01 1.0 100 

7216 91.35 4.0 0 116.97 3.9 0 

7221 176.40 2.3 50 169.07 2.3 58 

7224 158.06 1.8 66.5 159.76 1.5 75 

PeMV (Wt) 168.21 3.4 0 165.29 3.0 25 

Control 236.03 1.0 100 165.79 3.0 0 

* Data is an average of two experiments. 
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yielded good fruit weight but there was no consistency for the quality in both 

challenged and unchallenged experiments (Fig 6). Isolates 3230,7221,7204, and 

7210 offered no protection against wild type isolate and quality of the fruit 

produced by the plants infected with these isolates was same as of wild type 

infected plants. 
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Figure 6. Disease severity on pepper fruits infected by PeMV. 

Left panel indicates disease severity on pepper fruits infected by 
individual isolates only obtained from nitrous acid treatment. 

The panel on right indicates disease severity by plants infected 
with individual isolates and then challenged by wild type isolate 
after 20 days of 1st inoculation. Data included is average of two 
experiments. 
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DISCUSSION 

The purpose of this study was to find a mild strain of Pepper mottle virus 

that could be used to protect peppers against infections by severe PeMV. Nitrous 

acid treatment was selected to induce mutations from wild type PeMV. Two types 

of mutants were produced. One type of mutant produced chlorotic local lesions 

distinctly different from the necrotic local lesion of the wild type. Out of 90 local 

lesions characterized 50 originated from chlorotic local lesions. When transferred 

to a systemic host, the chlorotic produced isolates with either mild symptoms or 

no symptoms at all. Plants infected with these isolates gave poor reaction in 

ELISA tests. Most isolates failed to produce viable infection (28, 33). Mutations 

in these isolates did not qualify them to use as inducer virus for cross protection. 

Two such isolates 3235 and 7203 were included in the trial but did not show any 

protection at all against wild type isolate (data not shown). Other two isolates of 

chlorotic origin (3230, 5301) which produced local lesions on Tabasco plants were 

also included in the trial. Isolate 3230 produced milder symptoms on leaves but 

severe symptoms on fruit with a reduced yield. Isolate 5301 produced mild 

symptoms on fruit as well as plant and the yield was not affected. It appears that 

change in lesion morphology of the virus is not linked with its effect on symptom 

expression on the plant. On the contrary, lack of lesion morphology change does 

not necessarily indicate lack of mutations in the viral genome, as evidenced by mild 

mutants selected from local lesions identical morphology to those of wild type 



PeMV. Most of the mild isolates tested gave a certain degree of protection from 

wild type PeMV infection in challenged experiment. Other isolates produce severe 

symptoms in unchallenged treatment. Symptoms induced by these isolates were 

the same as or more severe than the wild type infection when challenged. 

Data from this study show that there are differences among the mutant 

isolates for their degree of severity on the peppers. Out of 12 isolates, 4 produced 

mild symptoms on both leaves and fruit, isolates 4214, 5301, 7201 and 7211. 

Symptoms they produced on plants were consistent in both challenged and 

unchallenged groups. These isolates are good candidates for use as inducers to 

protect against the challenger virus. An extensive field experiment would be 

needed to determine the relative effectiveness of all these isolates. 
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