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ABSTRACT 

Reciprocal interference experiments between Potato virus Y 

(PVY) and Pepper mottle virus (PeMV) in Capsicum annuum L. 'Tabasco' 

and 'Special pepper' (a selection of Anaheim chilli peppers), showed 

suppression of local lesion production in both directions but in

complete suppression of challenge virus replication (incomplete 

cross protection). However, suppression \vas reduced by increasing 

the concentration of the challenge virus. The source of inoculum 

of the viruses did not have a significant effect on the subsequent 

interference between the viruses. A direct relationship was es

tablished between·counts of local lesions and virus particles counted 

using the electron microscope. 

Tobacco etch vi!us (TEV) was transmitted from one Capsicum 

annuum L. 'Tabasco' plant to another in the same pot within 4 days 

after infection of the test plant. Transmission probably took place 

via root grafts, as the necrotic roots of the test plants inter

twined with the uninoculated Tabasco plants. 

Mixed infections of PVY and Pe~N resulted in the production 

of PVY-N, a new strain of PVY. The new strain, which could be 

recognized by changes in biological and serological properties, \vas 

produced only in mixed infections and was stable after six serial 

transfers in several hosts. Evidence suggests that the development 

of the new strain is host dependent. 

xiv 



xv 

Potato Virus Y in mixed infections with PeMV or TEV in 

C. ~nnuum L. 'Anaheim' did not induce local lesions, systemic necro

sis nor death of Special pepper, while PeMV alone induced the death 

of Tabasco. The behavior of TEV in Tabasco in a mixed infection was 

temperature dependent, while TEV alone induced wilt and death of 

Tabasco irrespective of the greenhouse temperature and season of 

the year. 



CHAPTER 1 

INTRODUCTION, OBJECTIVES, AND LITERATURE REVIEW 

Introduction 

Interference may occur between related or unrelated plant 

viruses within hosts. Once a plant is infected with a virus, the 

plant could be so altered that any subsequent virus may be affected. 

However, interference most frequently occurs when related strains 

of virus are inoculated to the same plant. The effects vary from 

partial to complete interference of viruses. The latter is called 

"Cross-protection" and it has been widely and successfully used by 

many workers to demonstrate identity and relatedness of some plant 

viruses. 

Objectives 

The purpose of this investigation was to: 

1. Determine the type of interference (complete or incom

plete cross protection) between Potato virus Y (PVY) and pepper 

mottle virus (PeMV) in Capsicum annuum L. 'Special pepper' and 

C. annuum L. 'Tab~sco'. 

2. Determine the recombinant products of the interaction 

between PVY and PetvN, and between PVY and tobacco etch virus (TEV) 

1 



in,1;.. annuum L. 'Anaheim' with: 

a. host range studies 

b. and immunoe1ectron microscopic serology (IEMS). 

2 

3. And to determine the possibility of root transmission 

of TEV from one Tabasco pepper plant to another. 

The interference and interaction between PeMV Arizona 

Datura strain (Pe~W-AZD) and PVY North Carolina strain 57 

(PVY, NC-57) and between TEV and PVY (NC-57) seemed particularly 

suitable for this study for a number of reasons. 

They: 

1. are sap and aphid transmitted 

2. have moderately wide host ranges 

3. generally induce mosaic symptoms 

4. and are distinct serologically 

Further, they have wide geographical distribution (Table 1). 

Finally, as will be shown in the following review of perti

nent literature, work has been published suggesting that interac

tions bet\veen these viruses do occur. 

Li terature Revie\v 

The phenomenon of cross protection (complete interference) 

\Vas first observed by ~lcKinney (31). Since then the interference 

between virus strains in plant tissues has received considerable 

attention. 

A number of potyvirus isolates have been reported by many 



Table 1. Geographical distribution of pepper 
potyviruses used in the current study. 

Virus Geographical Distribution 

Pepper mottle virus 

Potato virus Y 

Tobacco etch virus 

Western hemisphere (U.S.A.) 

World-wide but not found in 
Arizona and New Mexico peppers 

Northern hemisphere, but not 
found in Ari zona and Nm'o' 
Mexico peppers 

3 



4 

workers to reciprocally protect plants against each other (1,41). 

Similarly, the severe etch virus prevented the multiplication of 

PVY and Hyoscymus virus 3 and replaced it even in plants in which 

they were established (8), while PVY protected Nicotiana glutinosa 

against tobacco veinal necrosis virus (a strain of PVY) but not vice 

versa (9). Incomplete cross protection or partial interference re

sulted when mild etch virus interacted with PVY in the same host (8). 

Several researchers (2,3,16,19,37,42,43,46,47,48,51,52) have shown 

that when a test virus is inoculated into a plant simultaneously with 

or later challenged with a local lesion forming virus, the number of 

lesions formed by the challenge viTus was less than when the 

challenge virus were inoculated alone. 

The local lesion and/or particle count assay methods were 

used for assaying viruses (14,39,40). The significance of a combina

tion of both assay methods is that many environmental factors affect 

the number of local lesions formed but when both methods are combined 

a more reliable result is obtained (39). 

There have been several reports on the formation of new virus 

strains, hybrids, or phenotypes \vhen two or more viruses or virus 

strains interact in the same host (4,11,30,36,38,53), but relatively 

few of these have been reported bettveen PVY, Pet-N, and TEV (4,49). 

Such virus strains, hybrids or phenotypes have been differentiated 

on the basis of their differential reaction in certain hosts (20,22, 

24,32) or by IEMS (4). 



5 

Badami and Kassanis (5), and Hutton (22} in their respective 

studies with strains of PVY and PVX, demonstrated the effect of host 

plant on the interaction between strains of their viruses. A 

similar result was reported C.25) between PVY, TEV and Tobacco 

veinal mottle virus (TlnW). 

The concentration of PVY and Potato Virus X in infected 

plants was found to be highest in the spring and the symptoms were 

more severe than during other seasons (13,23,39). This was attri

buted to temperature, day length, and light intensity. The order 

of inoculation of a plant with PVY and PVX determined the severity 

of symptoms in the doubly infected plants. When plants completely 

invaded by PVX were inoculated with PVY, symptoms similar to those 

of simultaneously inoculated, doubly infected plants developed. When 

PVY was inoculated first, PVX induced symptoms much less severe than 

those that developed after simultaneous inoculations (39). In most 

instances when a challenge virus was introduced in increasing con

centration into a plant already invaded by a related strain, the 

protection was partially or completely broken down (10,29). 

Rochow, Ross, and Siegel (39) could detect no influence of 

supplementary nitrogen on the relative amounts of virus in doubly 

and singly infected plants. 

The wilt disease of C. annuum Tabasco is caused by TEV (18). 

Data of White and Horne (SO) and of Ghabrial and Pirone (17) showed 

that wilting occurred 5-20 days after inoculation, depending on the 
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age of the plant and the concentration of TEV in the inoculum. 

About 2 days after wilt sumptoms appear, all the roots of infected 

Tabasco necrose and die. The roots are the only plant parts that 

show an histological modification, resulting in necrosis of the 

phloem and the cambium and the degeneration of cortex cells (14). 

Death of roots due to virus infection has been reported in 

several cases: tomatoes infected by curly top virus, tristeza, tea 

phloem necrosis (21), and certain legumes when infected with tobacco 

necrosis virus (45). In most cases root death resulted from phloem 

necrosis (21). Pepper mottle virus caused necrosis of stems and 

leaves of Tabasco pepper plants (54) but no root necrosis was re

ported. A similar necrosis symptom was induced by PVY in Special 

pepper leaves (33). 



CHAPTER 2 

RECIPROCAL INTERFERENCE BETIVEEN POTATO VIRUS Y 
(PVY) AND PEPPER MOTTLE VIRUS (Pe~W), POTATO 

VIRUS Y AND TOBACCO ETCH VIRUS (TEV) 

Introduction 

The simultaneous presence in a host of two viruses or 

strains of the same virus may result in either a reduction in the 

concentration of one or both viruses (or strains) or in an amelio-

ration in the damage done to the host. The fundamental mechanism 

involved in the interference between viruses or strains of a virus, 

however, remains obscure and is still a subject of investigations. 

A number of theories such as: the antibody theory., the precursor-

exhaustion theory., theory of limited sites for virus increase., 

the adsorption theory (adsorption onto pre-existing virus parti-

cles)., changes in the metabolism of the plant (10) and the re-

plicase enzyme theory (29) have been proposed to account for this 

phenomenon. 

The present study seeks to establish the type of interference 

between PVY (NC-57) and PeMV-AZD in C. annuum 'Special pepper', and 

'Tabasco' . 

Materials and Methods 

Virus Strains 

The viruses used in this study were: PeMV-AZD, PVY (NC-57), 

7 
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and TEV. All are members of the potyvirus (Potato Virus Y) group 

of plant viruses. Characteristic symptoms induced in two pepper 

varieties by these viruses are given in Table 2. Pepper mottle 

virus was maintained in C. annuum 'Agronomico-8', while PVY (NC-57) 

and TEV (PV-69) were each maintained in C. annuum Tabasco. All were 

obtained from Dr. H. R. Nelson of the Department of Plant Pathology, 

The University of Arizona, Tucson. 

A11 plants were grown from seeds in 10-cm diameter plastic 

pots (one plant/pot) with a pasteurized soil mixture of sand and 

peat moss in a proportion of 2:1. Seedlings were top-dressed 

monthly with a slow release fertilizer (NPK 20:20:20). Pruning was 

done when necessary, particularly of Tabasco, to give a single 

vigorous stem. 

Experiments were conducted in the greenhouse at the 

University of Arizona, Tucson. The greenhouse was fumigated weekly 

to control insects, particularly aphids, mites, and white flies. 

The greenhouse environmental control system provided temperatures 

of approximately 25-30 C in summer and 20-25 C in winter. 

Inoculum Maintenance and Inoculation Procedures 

Each original virus isolate was serially transferred to 

appropriate maintenance hosts as often as necessary by mechanical 

inoculation. Plants were pruned to provide a continous supply of 

fresh systemically infected tissue. Each culture was periodically 

tested with its homologous antiserum using the IEMS procedure to 



Table 2. Reactions of two pepper lines to 
three potyviruses. 

Capsicum annuum L. 

Virus 

Potato virus Y 
(PVY) 

Pepper Mottle 
virus (PeMV) 

Tobacco etch. 
virus (TEV) 

a Special pepper 

Local lesions (LL), 
systemic necrosis 
(SN), and death 

SM 

SM 

Tabasco 

Systemic mosaic 
(SM) 

LL, SN, and 
death 

Wi! t and death 

aA selection of C. annuum 'Anaheim' chilli peppers 

9 
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monitor purity. If all virus particles were uniformly covered with 

antibodies the culture was regarded as pure. 

Inocula were prepared by grinding young, systemically in-

fected leaves in 0.1 M phosphate buffer, pH 7.0 (2 ml/g tissue) 

from the respective maintenance hosts for each virus. Carborundum 

was added to the mixture as an abrasive agent and the inoculum 

applied by rubbing the upper surface of leaves of the test plants 

\.,ri th a small brush. 

Interference Experiments 

The basic experiments involved inoculating the lowest five 

leaves of separate sets of three 30-cm tall plants of Tabasco and 

Special pepper with PVY and PeMV, respectively or with both PVY and 

Pe~N. Comparable sets of plants were left non-inoculated. Plants 

in one group of inoculations were used for local lesion eLL) counts 

and those in the second group of identically treated plants were 

used for inununoelectron microscopic serological (IEMS) studies. 

Each experiment was repeated two times. 

Local Lesion Assay Method. The date of first LL occurrence 

was recorded. Leaves then were harvested, the area of each was 

measured with a Hayashi-Denko leaf-area machine, the LL per leaf 

2 were counted, and the number of LL per 10 cm was computed. The 

2 mean number of LL per 10 cm per plant and the mean for 15 leaves 

from three plants inoculated per day were also computed. TIle inter-

val bet\oJeen challenge virus inoculation and appearance of systemic 
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necrosis and of death of the plant were also noted. 

Particle Count Assay Method. Except where otherwise stated, 

only the inoculated leaves were harvested and used for IEMS with an 

Hitachi H-SOO transmission electron microscope (TEM). Antibody-

covered particles were those that reacted to specific homologous 

antisera, while the noncovered particles were those of the challenge 

virus. 

To conduct the assay, 1 g of leaveas was finely chopped with 

a razor blade, placed in a vial containing 5 ml of buffer, and shaken. 

Four drops of the crude infected sap were mixed on a glass slide with 

2 drops of antiserum. To this mixture, 3 drops of 4% Phosphotungstic 

acid (PTA), pH 7.0 were added. Carbon coated grids (300 mesh) were 

placed face down on the surface of the preparation for 1 min. The 

grids were removed gently, touched with a piece of Whatman filter 

paper (No 1) to remove excess liquid, and examined under the TEM. 

The number of particles of each virus per aperture was recorded and 

the mean from 32 apertures calculated. 

Quantitative Estimation of Virus Particles 
in Separate and Bulked Samples of 
Virus Infected Plants 

This experiment was devised to find the degree of correlation 

(if any) between the number of virus particles in inoculated leaves 

from separate plants and those bulked together (five leaves each 

from six plants). Two groups of six plants were used. Inoculations 

were performed and virus particles estimated (as described earlier) 
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12 days after infection. The experiment was repeated three times. 

Correlation Between the Local Lesion and the 
Particle-Count Assay Met:hoa 

This was incorporated into each stage of most of the experi-

ments to determine the reliability of both the LL and particle-count 

method, to re-enforce the credibility of this work, and to find if 

correlations existed between the twti methods. 

Estimation of Virus Concentration in Lateral Roots, 
Inoculated Leaves, and 1n SystemicallY Infected 
Tlhmature Leaves 

The purpose of this was to find the part of the plant (lateral 

roots, inoculated leaves, and systemically infected hunature leaves) 

with the highest virus concentration and to correlate the relative 

concentration of the first and the challenge viruses between Tabasco 

and Special pepper plant parts. 

One g samples were assayed using IEMS as described earlier 

12 days after challenge inoculation. The experiment was repeated two 

times. 

Influence of Inoculum Source on Virus Interference 

These experiments were devised to find if the host in which a 

virus was maintained had any significant influence on subsequent virus 

interference. 

Three plants each of Agronomico-8, Anaheim, and Nicotiana 

tabacum 'Xanthi' were inoculated with PeMV. These \<Jere used (15 days 

after each inoculation) separately as sources of the challenge virus 
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onto Tabasco and Special pepper. Potato virus Y was inoculated 

into Tabasco followed by PeMV at 1,2, and 3 days challenge inocu1a-

tion intervals. Anaheim plants were used as source of inoculum 

for PVY. The concentration of the viruses in these host was de-

termined before each inoculation, using the particle-count assay 

method. The experiment was repeated two times. The two way ana-

lysis of variance was used to analyse the data. 

Effect of First Virus Concentration on Virus Interference 

Challenge inoculation intervals of 4,9, and 12 days were 

chosen for PVY and PeMV interference in Tabasco \~hi1e 1,4, and 7 

days were chosen for PeMV and PVY interference in Special pepper. 

The concentrations of tissue containing the first virus 

were adjusted from 0.083 glml per test (five leaves each) plant 

to 0.63 glml at 0.05 g intervals, while the challenge virus con-

centration was kept constant. Control plants were inoculated with 

either 0.083 g of infected tissue of the test virus per 1 m1 of 

phosphate buffer and the same concentration of the challenge virus. 

Inoculum for each inoculation was derived from a common homogenized 

batch of fresh tissue. The experiment was repeated two times. 

Assays were made 12 days after inoculation. 

Effect of Challenge Virus Concentration on Virus 
Interference 

Challenge inoculation intervals of 4,9, and 12 days were 

chosen for this study to determine if inhibition of LL formation 
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in Tabasco by the challenge virus was due to the relatively high 

concentration of the first virus. 

The concentration of the tissue containing the first virus 

was kept constant while the concentration of the tissue containing 

the challenge virus was increased from 0.083 glml of phosphate 

buffer per test plant to 0.63 g at 0.05 g int~rvals. Intervals of 

1,4, and 7 days were chosen 'for PeMV and PVY interference in Special 

pepper. Assays were made 12 days after the challenge inoculation. 

The experiment was repeated two times. Control plants were simu1-

taneously inoculated with equal weight of tissues containing the 

first and the challenge virus. 

Effect of Sitp. of Challenge Virus Concentration 
on Virus Interference 

The objective of this experiment was to determine the in-

fluei1ce of challenge virus inoculation site and subsequent virus 

movement on any interference with the first virus. The experiments 

were conducted by the sequential inoculation of the five youngest 

leaves of five sets of three plants each with the challenge virus 

(one set per day for 5 days) after inoculation of the five oldest 

leaves with the first virus. The lowest five leaves of three control 

plants were simultaneously inoculated with the first and· the chal-

lenge virus .. 

In another experiment, the five oldest leaves were inocula-

ted with the challenge virus (one set of three plants per day for 

5 days) after the five youngest leaves were inoculated with the first 



virus. In each experiment, assays were made 12 days after the 

challenge inoculation. The lowest five leaves of three control 

plants were simultaneously inoculated with the first and the 

challenge virus. The experiments were repeated two times. 

Super Inoculation of the Youngest Systemically Infected 
Leaves at 15 to 40 Days Inoculation Intervals 

15 

The challenge virus was inoculated onto the five youngest 

leaves of one set of three plants ~ach at 15,20,25,30,35, and 40 

days after inoculation with the first virus. The lowest five leaves 

of three control plants ~ere simultaneously inoculated with the first 

and the challenge virus. The experiment was repeated two times. 

Effect of Virus Interference on Plant Size 

Three Xanthi plants were inoculated with the first virus 

(PVY or PeMV). Another set of three plants were inoculated with the 

challenge virus (PeMV or PVY). Two sets of three plants were each 

inoculated with the first virus (PVY or PeMV) followed by the chal-

lenge virus after 6 days. Two sets of three plants each were used 

as noni.noculated controls. Plant height was measured with a tape 

from the soil level to the crown 8 wk after inoculation. The ex-

periment was repeated two times. The two way analysis of variance 

was used to analyse the data. 

Effect of Supplementary Nitrogen Application 
on Virus Intetference 

This was carried out in Xanthi pla~ts. Six 4-wk old seedlings 

were simultaneously inoculated \~ith PVY and PeMV. Three of these 
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were given ammonium sulfate at 2-wk interval while the other three 

were not. The IEMS was used to determine the relative concentrat

tion of the viruses in the leaves at weekly intervals for 6 wk. 

The experiment was repeated two times. 

Purification of PVY (NC-57) 

Fresh, diseased, Tabasco leaves were homogenized in a waring 

blender, with O.lM Na-K-phosphate buffer, pH 7.0 (2 m1/g of tissue). 

The extract was filtered through double layers of cheesecloth and 

clarified at 4 C by dripping n-butano1 slowly into the extract until 

the extract became 8% butanol. The sap was centrifuged at 7,000 rpm 

for 10 min using a Lourdes Beta-Fuge Model A-2. The supernatant was 

centrifuged at 27,000 rpm for 90 min in a Beckman Model L ultra

centrjfuge. The pellets were suspended in O.OlM Na-K-phosphate 

buffer, pH 7.0, and subjected to two fu~ther cycles of differential 

centrifugation. At the end of the final run the pellets were suspen

ded in 2 ml of O.OIM Na-K-phosphate buffer pH 7.0. 

Electron Microscopic Examination of Purified Virus 

The electron microscope technique for crude material was used. 

One drop of either bovine serum albumen or normal serum was added to 

I drop of purified preparation to reduce the surface tension and 

enable the stain to spread uniformly. The examination was made to 

check the cleanliness and relative concentration of the virus prepa

ration. 
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Serology 

Potato virus Y (Ne-57) antiserum was produced in rabbits 

by injecting intramuscularly 1 m1 of purified virus mixed with 1 m1 

of Freund's incomplete adjuvant at weekly intervals for 6 wk. Serum 

collection began 8 days after the last injection. 

Serological reactions between (PVY (Ne-57) antigen and anti-

serum were examined using an Hitachi H-500 TEM and the micropreci-

pitin test. The antiserum titre was determined by the IEMS (14,26) 

and the microprecipitin test (6). 

Antiserum to PVY (Ne-57) was tested against PVMV, TVMV, PeMV-

AZD, TEV (PV-69), and PSV (IV 69) antigen using the inununoe1ectron 

microscopic se'ro1ogy (IEMS) and the microprecipitin test. 

Method of Data Analysis 

The two way analysis of variance was used to determine, whether 

a significant difference existed between two or more treatments or 

variables, 

Results 

Reciprocal Interference Between PVY CNe-57) 
and Pe~N-AZD ln~. annuum 'Tabasco' 
and 'Special pepper' 

Interference Measured by Local Lesion Assay. As the interval 

between the first (PVY) and the challenge inoculation with Pe~N in 

2 Tabasco increased, the density of local lesions (LL) per 10 cm of 

leaf decreased. None appeared after 8-9 days (Figure 1) although 

SN and death of plants occurred (Figure 2). 



Figure 1. Effect of time of challenge inoculation on the 
average number of local lesions formed by pepper 
mottle virus (PeMV) in Capsicum annuum 'Tabasco' 
previously inoculated with potato virus Y (PVY). 

Each point is the average of local lesions from 
five leaves each from three plants., test was 
repeated two times. 
Control plants were inoculated with challenge 
virus (PeMV) only. 
Readings were made 12 days after chal~enge 
inoculation. 
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Figure 1. Effect of time of challenge inoculation on the' 
average number of local lesions formed by pepper 
mottle virus in Capsicum annuum 'l~basco'. 



Figure 2. Local lesions, systemic 
necrosis and death induced 
by pepper mottle virus (PeMV) 
in Potato virus Y-infected 
Capsicum annuum 'Tabasco' 
12 days after challenge inoculation 
with PeMV. 

A - - healthy (control) 
B - - local lesion stage 
C - - systemic necrosis stage 
D - - death of the plant 



A B c D 

Figure 2. Local lesions, systemic necrosis and death induced by pepper mottle 
virus in Capsicum annuum 'Tabasco'. 

f-' 
tD 



20 

The reciprocal also was true in the PeMV (first) - PVY 

(challenge inoculation) combination in Special pepper, except, that 

LL were completely inhibited when the challenge inoculation occurred 

after 6 days (Figures 3 & 4). 

Interference Measured by Particle Counts. There was a direct 

relationship between the number of LL and the electron microscope 

particle counts. As the density of LL per unit area decreased 

(Figures 5 & 6), the number of challenge virus particles also de-

creased. But unlike the LL count, the number of particles of the 

challenge virus was never zero. Particle count was carried out with 

the use of immunoelectron microscopic serology (Figure 7) in which 

PeMV was neutralized with its homologous antiserum. This facilitated 

easy detection and separate counting of the first and the challenge 

viruses. 

Quantitative Estimation of Virus Particles in 
beparate and Hulked Leaves of Plants 
lnrected with virus 

There was only very little difference in the average number 

of virus particles between the separate and bulked samples of virus 

infected leaves (Table 3). For the rest of the experiments, leaf 

samples from replicate plants were bulked toget~er. 

Estimation of Vi~ls Concentration in Lateral 
Roots, Inoculated, and, in SystemIcallY lnfected 
Immature Leaves 

Concentration of the Challenge Virus. The concentration of 

Pe~N in Tabasco was highest in systemically infected immature leaves 



Figure 3. Effect of time of challenge inoculation on the 
average number of local lesions formed by potato 
virus Y (PVY) in Capsicum annuum 'Special pepper' 
previously inoculated with pepper mottle virus (PeMV). 

Each point is the average of local lesions from five 
leaves each from three plants., test was repeated 
two times. 
Control plants were inoculated with challenge virus 
(PVY) only. 
Readings were made 12 days after challenge inoculation. 
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Figure' 3. Effect 0:: timp of challC'nge inoculation on the 
average numbpr of local lesions formed by potato 
virus Y in ~cUI~~nnllull! 'Special pcpner'. 
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Figure 4. Local lesions, systemic 
necrosis and death induced 
by potato virus Y (PVY) in 
pepper mottle virus-infected 
Capsicum annuum 'Special pepper' 
12 days after challenge 
inoculation with PVY. 

A - - healthy (control) 
B - - local lesion stage 
C - - systemic necrosis stage 
D - - death of the plant 
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Figure 4. Local lesions, systemic necrosis and death induced by potato virus Y 
in Capsicum annuum 'Special pepper'. 
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Figure 5. Relationship between average number of local 
le';ions and virus particles formed by pepper 
mottle virus (PeMV) in potato virus Y (PVY)
infected Capsicum annuum 'Tabasco' 

aEa: h point is the average of virus particles 
on 32 grid apertures representing 15 leaves 
from three plants, test was repeated two times. 

bA point represents the average of local lesions 
from five leaves each from three plants., test 
was repeated two times. 
Control plants were inoculated with challenge 
virus (PeMV) only. 
Readings were made 12 days after challenge 
inoculation. 
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~igure 5. Relationship between average number of local 
lesions and virus particles formed by pepper 
mottle virus in Capsicum annuum 'Tabasco' 



Figure 6. Relationship between average number of local 
lesions and virus particles formed by potato 
virus Y (PVY) in pepper mottle virus (PeMV)~ 
infected Capsicum annuum 'Special pepper' 

aEach point is the average of virus particles 
on 32 grid apertures representing 15 leaves 
from three plants., test was repeated two times, 

bA point represents the average of local lesions 
from five leaves each from three plants, test 
was repeated two times. 
Control plants were inoculated with challenge 
virus (PVY) only, 
Readings were made 12 days after challenge 
inoculation. 
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Figure 6. Relationship between average numbe~ of local 
lesions and virus particles formed by potato 
virus Y in Capsicum annuum 'Special pepper'. 



Figure 7. Electron micrograph of 
potato virus Y and pepper 
mottle virus particles from 
mixed infected leaves of 
Capsicum annuum 'Anaheim'., 
neutralized with pepper mottle 
virus antiserum and negatively 
stained with 1.2% phosphotungstic 
acid, pH 7.0 (X60,778). 



Figure 7. Potato virus Y and pepper mottle virus (PeMV) particles, neutralized 
\oJi th PeMV antiserum. 
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Table 3. Quantitative estimation of pepper mottle virus 
(PeMV) particles in separate and bulked samples 
of six Capsicum annuum 'Tabasco' plants 12 days 
after inoculation with PeMV. 

Treatment No. of virus particles 

Bulked sample 

Control 

a 

b 

Average of virus particles from 32 grid apertures re
presenting bulked 18 leaves from six plants, test was 
repeated two times. 

Average of virus particles from 32 grid apertures 're
presenting three leaves each from six plants., test 
was repeated two times. 
Assays were made 12 days after inoculation. 
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followed by directly inoculated leaves and least in the roots after 

five days (Figure 8). Similar results were obtained for PVY in 

Special pepper. 

Concentration of the First Virus. The concentration of PVY 

in Tabasco was highest in the systemically infected immature leaves 

followed by directly inoculated leaves and least in the roots 

(Figure 9). The results obtained for PeMV in Special pepper were 

similar. 

Effect of Source of Inoculum on Virus 
Interference 

The host (Anaheim, Agronomico-8 or Xanthi plants) of inoculum 

for PeMV had no significant influence at the 0.05 level on the subse-

quent interference of this virus with PVY in Taba~o(Table 4). 

Rp.lative Concentration of First Virus to the 
~hallenge VIrus 

A~ the concentration of the first virus increased the concen-

tration of the challenge virus as well as the LL induced by it signi-

ficantly decreased (Table 4). Figure 10 illustrates the interference 

between PVY and TEV in Tabasco. As the concentration of the first 

virus (PVY) increased, the concentration of the challenge virus (TEV) 

decreased with delay in challenge inoculation. Figure 11 shows the 

wilt and death induced by TEV in Tabasco. Wilt and death of Tabasco 

induced by TEV occurred even though plants were inoculated 36 days 

earlier with PVY. 



Figure 8. Concentration of pepper mottle virus (PeMV) 
particles in the lateral roots, inoculated, 
and in systemically infected immature leaves 
of Capsicum annuum 'Tabasco' first jnoculated 
with potato virus Y (PVY) and challenge inoculated 
with PeMV. 

Each point is the average of virus particles on 32 
grid apertures representing 15 leaves from three 
plants., test was repeated two times. 
Control plants were inoculated with challenge virus 
(PeMV) only. 
Readings were made 12 days after challenge inoculation. 
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Figure 8. Concentration of pepper mottle virus particles in the 
lateral roots, inoculated, and in systemically 
infected immature leaves of Capsicum annuum '~abasco'. 



Figure 9. Concentration of potato virus Y (PVY) particles 
in the lateral roots, inoculated and in 
systemically infected immature leaves of Capsicum 
annuum 'Tabasc:o' first inoculated \vi th potato 
virus Y (PVY) and challenge inoculated with 
pepper mottle virus (PeMV). 

Each point is the average of virus particles 
on 32 grid apertures representing IS leaves 
from three plants., test was repeated t\VO times. 
Control plants were inoculated with challenge 
virus (PVY) only. 
Readings were made 12 days after challenge 
inoculation. 
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Figure 9. Concentration of potato virus Y particles in the 
lateral roots, inoculated, and in systemically 
infected immature leaves of Capsicum annuum 
'Tabasco' . 



Table 4. Influence of inoculum source on the interference between potato virus ya 
(PVY) and pepper mottle virus (PeMV) in Capsicum annuum L. 'Tabasco' 
12 days after the challenge inoculation. 

Inoculum source 
for PeMV 

Capsicum annuum 
'Agronomico-8' 

C. annuum L. 
-'Anaheim' 

Nicotiana tabacum L. 

'Xanthi' 

Interval 
between 
inocula-
tions (days) 

1 

2 

3 

1 

2 

3 

1 

2 

3 

Virus concentration in Tabascob for 3 days daill inoculations 
First virus Challenge virus 

(PVY) 
2.9d 

(PeMV) 
l4.2d 

5.1 13.0 

7.2 11. 9 

2.5 15.6 

5.0 14.8 

B.l 12.4 

2.7 12.9 

5.3 12.5 

6.9 10.9 

aCapsicum annuum 'Anaheim' was used as source of inoculum for PVY. 

Average no. of local 
lesions produced by 
challznge viruE per 
10 cm of leaf 

20.6 

lB.3 

15.2 

19.7 

lB.l 

l6.B 

21.3 

.18.6 

16.4 

bFirst and challenge virus concentrations for each of the three consecutive days were 
significantly different at the 0.05 level. 

CAverage of LL from five leaves each from three plants (test was repeated two times) 
were significantly different at the 0.05 level for the three days challenge inoculations. 

dAverage of virus particles on 32 grid apertures representing five leaves each from 
three plants., test was repeated two times. 
Inoculum squrce for PeMV had no significant influence at the 0.05 level on its 
interference with PVY in Tabasco. 
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Figure 10. Relative concentration of potato virus Y (PVY) 
and tobacco etch virus (TEV) in directly 
inoculated leaves of Capsicum annuum 'Tabasco' 
inocualted with PVY and challenge inoculated 
with TEV. 

Each point is the average of virus particles on 
32 grid apertures representing 15 leaves from 
three plants., test was repeated two times. 
Control plants were inoculated with challenge 
virus (TEV) only. . 
Readings were made 12 days after challenge 
inoculation. 
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Figure 10. Relative concentration of potato virus Y and 
tobacco etch virus in directly inoculated leaves 
of Capsicum annuum 'Tabasco'. 



Figure 11. Capsicum annuum 
'Tabasco' plants infected with 
tobacco etch virus (TEV) 12 days 
after inoculation with TEV. 

A - - healthy (control) 
B - - wilting stage 
C - - death stage 
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Figure 11. Capsicum annuum 'Tabasco' plants infected with tobacco etch virus. 

();I 
N 



Effect of First Virus Concentration on Virus 
Interterenct:: 

As the concentration (weight of tissue/mI of phosphate 

buffer) of the first virus was increased, the average number of 

33 

virus particles per 32 grid apertures of the challenge virus de

creased (Tables 5,6 & 7). The density of LL per 10 cm2 of leaf 

also dec:reased (Table .5) but. at 9 and 12 days challenge inocula

tions, no LL were produced (Tables 6 & 7). This also was true 

with the PeMV/PVY interference in Special pepper. 

Effect of Ch~llenge Virus Concentration on 
Virus Int~Tference 

As the concentration of the challenge virus increased, the 

density of LL per 10 cm2 of leaf as well as the average number of 

virus particles per 32 grid apertures of the challenge virus in-

creased (Tables 8,9 & 10). Following the 9 and 12 days challenge 

inoculations (Tables 9 & 10) with low virus titers, no LL were pro-

duced but as the concentration of the challenge virus was increased, 

LL formation was resumed and it increased with increase in the 

challenge virus concentration. The results were similar in the 

PVY/PeMV interference in Tabasco as well as the PeMV/PVY interference 

in Special pepper. 

Effect of Site of Challenge Virus Inoculation 
on Virus Interference 

Challenge Inoculation of Youngest Leaves. When the challenge 

inoculations were carried out on the youngest leaves at 24-hr intervals, 
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Table 5. Effect of increases in the first virus (potato virus Y) 
concentration on the interference between it and the 
challenge virus (pepper mottle virus) in Capsicum annuum 
L. 'Tabasco' inoculated 4 days after the first virus 
inoculationa . 

Weight (g) of Virus concentration9 Average no. of 
tissue contain- First virus Challenge local lesions 
ing first virus (PVY) virus (Per.1V) produced by chal-

(PVY) lenge virus per 
10 cm2 of leafc 

0.5 12.4 11.5 14.8 

Control 12.2 14.1 15.6 

0.8 13.2 11.1 13.3 

Control 13.0 13.2 16.1 

1.1 13.7 10.8 12.7 

Control 12.7 14.5 14.9 

1.4 14.3 10.2 12.1 

Control 11. 8 13.8 14.2 

1.7 14.9 9.8 11. 7 

Control 12.9 12.7 1~.7 

2.0 15.3 9.4 11.0 

Control 13.1 13.0 13.9 

2.3 16.0 9.1 10.2 

Control 11. 5 12.8 15.5 

2.6 16.6 8.5 9.6 

Control 13.6 14.2 16.0 

2.9 17.5 7.8 9.8 

Control 13.2 13.9 15.7 
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Table 5--Cont'd 

Weight (g) of Virus concentration Average no. of 
tissue contain- First virus Challenge local lesions 
ing fti.:r::st, virus (PVY) Virus (PeMV) produced by chal-

(PVY) lenge virus per 
] Q I::m2 Qf ] eafc 

3.2 18.6 6.3 8.9 

Control 12.8 14.0 14.8 

3.5 19.7 5.2 8.2 

Control 12.5 12.8 14.1 

3.8 21. 3 5.1 8.1 

Control 12.0 13.6 13.8 

a 
Assays were made 12 days after inoculation with the challenge 
virus (PeMV). 

b 
Average of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 

CAverage of LL from five leaves, each from three plants., test 
was repeated two times. 
Control plants were simultaneously inoculated with the first 
(PVY) and the challenge virus (PeMV). 
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Table 6. Effect of increases in the first virus (potato virus Y) 
concentration on the interference between it and the 
challenge virus (peppel' mottle virus) in Capsicum 
annuum L. 'Tabasco' inoculated 9 days after the first 
virus inocu1ationa . 

Weight (g) of Virus concentrationb Average no. of 
tissue con- First virus Challenge local lesions 
taining first (PVY) virus (PeMV) produced by cha1-
virus (P:\TY) 1enge virus per 

10 cm2 of leaf 

0.5 14.5 9.4 O.Oc 

Control 13.2 14:1 14.3 

0.8 15.7 9.0 0.0 

Control 12.5 13.2 13.9 

1.1 15.9 8.7 0.0 

Control 13 .8 11.0 11.6 

1.4 16.3 8.2 0.0 

Control 12.7 12.5 14.2 

1.7 16.6 7.6 0.0 

Control 11.9 12.9 13.2 

2.0 17.2 7.3 0.0 

Control 13.2 13.0 11.8 

2.3 17.8 6.8 0.0 

Control 12.8 11. 6 12.1 

2.6 17.9 6.3 0.0 

Control 12.5 11.9 13.6 
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Table 6--Cont'd 

Weight (g) of Virus concentrationO Average no. of 
tissue con- First virus Challenge local lesions 
taining first (PVY) virus (PeMV) produced by chal-
virus (PVY) lenge 2virus per 

10 cm of leaf 

2.9 18.3 6.0 0.0 

Control 13.3 12.1 12.9 

3.2 19.4 5.7 0.0 

Control 12.7 12.8 11.7 

3.5 19.9 5.0 0.0 

Control 14.1 12.0 13.3 

3.8 21.6 4.4 0.0 

Control 13.6 11. 9 12.4 

a Assays were made 12 days after inoculation with the challenge 
virus (PeMV). 

bAverage of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 
Control plants were simultaneously inoculated with the first 
(PVY) and the challenge virus (PeMV). 

cNo LL at 9 days challenge inoculation. 
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Table 7. Effect of increases in the first virus (potato virus Y) 
concentration on the interference between it and the 
challenge virus (pepper mottle virus) in Capsicum 
annuum L. 'Tabasco' inoculated 12 days after the first 
virus inoculationa . 

Weight (g) of Virus concentrationO 
tissue contain- First virus Challenge Average no. of 
ing first virus (PVY) virus (Pf'r.1V) local lesions 

(PVY) produced by chal-
lenge 2virus per 
10 cm of leaf 

0.5 15.8 8.7 O.Oc 

Control 12.6 13.9 15.5 

0.8 16.6 t}.4 0.0 

Control 11. 9 12.8 14.1 

1.1 17.4 8.0 0.0 

Control 11. 8 14.0 13.6 

1.4 17.9 7.4 0.0 

Control 12.2 13.7 16.8 

1.7 18.6 6.9 0.0 

Control 13.0 12.9 14.7 

2.0 19.5 5.7 0.0 

Control 10.9 11.4 13.4 

2.3 20.3 5.3 0.0 

Control 10.5 13.3 16.0 

2.6 21. 2 5.0 0.0 

Control 11.7 11.9 15.9 
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Table 7--Cont'd 

Weight (g) of Virus concentration b Average no. of 
tissue contain- First virus Challenge local lesions 
ing first virus (PVY) virus (PeMV) produced by chal-

(PVY) lenge virus per 
10 cm2 of leaf 

2.9 21. 7 4.8 0.0 

Control 12.4 14.4 12.9 

3.2 22.9 4.2 0.0 

Control 13.2 13.8 13.5 

3.5 23.6 4.0 0.0 

Control 10.8 12.9 13.8 

3.8 24.2 3.4 0.0 

Control 11.1 13.3 16.6 

a Assays were made 12 days after inoculation with the challenge 
virus (PeMV). 

bAverage of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 
Control plants were simultaneously inoculated with the first 
(PVY) and the challenge virus (PeMV). 

cNo LL at 12 days challenge inoculation. 
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Table 8. Effect of increases in the challenge virus (pepper mottle 
virus) concentration on virus particle and local lesion 
formation in Capsicum annuum L. 'Tabasco' inoculated 4 
days previously with potato virus ya. 

Weight (g) of Virus concentrationO Average no. of 
tissue contain- First virus Challenge local lesions 
ing challenge (PVY) virus (PeMV) produced by chal-
Virus (PeMV) lenge virus per 

10 cm2 of leafc 

0.5 12.4 13.5 12.7 

Control 13.1 13.2 12.4 

0.8 12.0 13.9 12.9 

Control 12.7 12.8 13.8 

1.1 1l.8 13.9 13.6 

Control 14.3 13.0 11. 6 

1.4 1l.2 14.4 13.9 

Control 11. 9 14.0 13.4 

1.7 10.4 15.3 14.0 

Control 12 . .8 14.1 14.1 

2.0 10.3 16.0 14.4 

Control 11. 5 13.6 13.9 

2.3 9.4 17.2 14.9 

Control 13.2 11.9 12.5 

2.6 9.2 17.8 15.5 

Control 12.6 13.7 12.1 
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Table 8--Cont'd 

Weight (g) of Virus concentrationB Average no. of 
tissue contain- First virus Challenge loca] lesions 
ing challenge (PVY) virus (PeMV) produced by chal-
Virus (PeMV) lenge virus per 

10 cm2 of leafc 

2.9 9.0 19.3 16.2 

Control 13.3 12.8 11.8 

3.2 8.9 20.5 17.4 

Control 14.1 14.5 12.6 

3.5 8.8 20.7 18.6 

Control 13.0 13.4 14.2 

3.8 7.4 22.4 20.2 

Control 13.5 12.6 11.7 

aAssays were made 12 days after inoculation with the challenge 
virus (PeMV). 

b 
Average of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 

CAverage of LL from 15 leaves from three plants., test was 
repeated two times. 
Control plants were simultaneously inocualted with the first 
(PVY) and the challenge virus (PeMV). 
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Table 9. Effect of increases in the challenge virus (pepper mottle 
virus) concentration on virus particle and local lesion 
formation in Capsicum annuum L. 'Tabasco' inoculated 9 
days previously with potato virus ya. 

Weight (g) of Virus concentration5 Average no. of 
tissue contain- First virus Challenge local lesions 
ing challenge (PVY) virus (PeMV) produced by chal-
virus (PeMV) lenge virus per 

10 cm2 of leafc 

0.5 13.7 4.3 0.0 

Control 11.1 14.0 10.3 

0.8 13.5 5.1 0.0 

Control 10.7 15.1 9.6 

1.1 12.2 5.7 0.0 

Control 13.0 12.9 11.4 

1.4 11.4 6.0 0.0 

Control 11.7 13.8 10.9 

1.7 11. 0 6.2 0.0 

Control 10.9 13.0 11.7 

2.0 10.7 6.8 0.0 

Control 12.4 12.7 12.2 

2.3 10.4 6.9 1.2 

Control 11.6 12.5 11.8 

2.6 9.8 7.2 2.4 

Control 10.3 14.2 10.0 

2.9 9.6 8.5 2.7 

Control 12.3 12.1 13.0 
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Table 9--Cont'd 

Weight (g) of Virus concentration5 Average no. of 
tissue contain- First virus Challenge local lesions 
ing challenge (PVY) virus (PeMV) produced by chal-
virus (PeMV) lenge virus per 

10 cm2 of leafc 

3.2 9.1 9.9 3.5 

Cont];'ol 13.8 11.8 12.4 

3.5 9.0 11.3 5.8 

Control 10.6 12.9 10.7 

3.8 B.B 11.5 7.1 

Control 11. 0 12.2 13.1 

aAssays were made 12 days after inoculation with the challenge 
virus (PeMV). 

b Average of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 

CAverage of LL from 15 leaves of three plants., test was repeated 
two times. 
Control plants were simultaneously inoculated with the first 
(PVY) and the challenge virus (PeMV). 
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Table 10. Effect of increases in the challenge virus (pepper mottle 
virus) concentration on virus particle and local lesion 
formation in Capsicum annuum L. 'Tabasco' inoculated 12 
days previously with potato virus ya. 

Weight (g) of Virus concentration5 Average no. of local 
tissue contain- First virus Challenge lesions produced by 
ing challenge (PVY virus (PeMV) challenge virus per 
virus (PeMV) 10 cm2 of leafc 

0.5 17.6 4.3 0.0 

Control 15.2 13.1 14.1 

0.8 16.3 4.9 0.0 

Control 14.7 12.5 12.7 

1.1 16.0 5.8 0.0 

Control 13.9 11.8 13.8 

1.4 15.4 6.0 0.0 

Control 14.4 11. 9 14.6 

1.7 14.9 6.4 0.0 

Control 14.3 12.7 10.9 

2.0 13.7 6.8 0.0 

Control 15.0 13.3 11.6 

2.3 12.8 7.7 0.0 

Control 13.8 12.0 15.2 

2.6 11. 7 8.0 0.0 

Control 12.9 11. 8 13.9 

2.9 11. 6 8.6 1.6 

Control 13.6 12.1 14.0 



45 

Table 10--Contd. 

Weight (g) of Virus concentrationb Average no. of local 
tissue contain- First virus Challenge lesions produced by 
ing challenge (PVY) virus (PeMV) challenge virus per 
virus (PeMV) 10 cm2 0f leafc 

3.2 12.0 9.3 2.9 

Control 14.2 11.4 12.4 

3.5 12.4 10.0 4.1 

Control 14.7 12.3 13.9 

3.8 12.6 11.2 4.8 

Control 13.5 10.9 15.3 

aAssays were made 12 days after inoculation with the challenge 
virus (PeMV). 

bAverage of virus particles on 32 grid apertures representing 
15 leaves from three plants., test was repeated two times. 

c 
Average of LL from 15 leaves of three plants., test was repeated 
two times. 
Control plants were simultaneously inoculated with the first 
(PVY) and the challenge virus (PeMV). 



46 

the density of LL per 10 cm2 of leaf was increased from 16.4 to 

24.8 for the first 24-hr and from 15.7 to 16.8 for the 5th day 

(Table 11). Systemic necrosis and death of Tabasco leaves occurred 

2 to 6 days sooner than that of the controls. 

Challenge Inoculation of Oldest Leaves. The density of 

LL per 10 cm2 of leaf was similar to those of the standard (control) 

inoculations in the study. However, the appearance of SN and ulti-

mate death of the plants ranged from 0-4 days later than when the 

first and the challenge inoculations (control) were done on the 

same leaves as the first virus (Table 12). 

Supper Inoculation of the Youngest Systemically 
Tnfected Leaves at 15 to 4U Days Inoculatlon 
Intervals 

Although there was no LL formation, SN and death occurred 

after a length of time that corresponded with the interval between 

the first and the challenge inoculations (Table 13). This was true 

both in Tabasco and Special pepper. 

Effect of Virus Interference on Plant Size 

There were no significant differences at the 0.01 level in 

the heights of the Xanthi plants inoculated singly with the first or 

the challenge virus or both (Table 14). But the infected plants 

were significantly shorter than the controls at 0.01 level. 

Effect of Supplementary Nitrogen Application on 
Vlrus Interference 

There was not much difference between the concentration of 



Table 11. Effect of inoculating the five youngest leaves of Capsicum annuum L. 
'Tabasco' with pepper mottle virus (PeMV) 1 to 5 days aft~r inoculating 
the five oldest leaves with potato virus Y on the interference between 
the two viruses. 

Days after first 
inoculationa 

1 

Control 

2 

Control 

3 

Control 

4 

Control 

5 

Control 

Average no. of local 
lesions produced by 
challenge virus per 
10 cm2 of leafb 

24.8 

16.5 

22.1 

15.7 

19.4 

14.9 

17.3 

16.0 

16.8 

15.7 

Days between challenge 
inoculation and: 
appearance of death of 
local lesions plants 

7 12 

10 18 

7 13 

10 19 

8 15 

11 19 

9 17 

10 20 

10 17 

11 19 

challenge Ci Samples of LL bearing leaves were collected 12 days after the 
b (PeMV) inoculation. 

Average of LL from 15 leaves from three plants., test was repeated two times. 
The lowest five leaves of control plants were simultaneously inoculated with 
the first (PVY) and the challenge virus (PeMV). 
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Table 12. Effect of inoculating the five oldest leaves of Capsicum annuum L. 
'Tabasco' with pepper mottle virus (PeMV) 1 to 5 days after inoculating 
the five youngest leaves with the first virus (potato virus Y) on the 
interference between the two viruses. 

Days after first Average no. of local Days between challenge 
inoculation lesions produced by inoculation and: 

challenge virus per appearance of death of 
10 cm of leaf local lesions Elants 

1 18.0 12 19 

Control 17.1 11 19 

2 17.4 12 20 

Control 16.3 11 18 

3 17.0 12 21 

Control 15.4 10 19 

4 16.2 13 24 

Control 16.7 11 20 

5 15.8 14 24 

Control 16.9 10 20 

a Samples were collected 12 days after the challenge (PeMV) inoculation. 
b Average no. of LL from 15 leaves of three plants., test was repeated two 

times. The lowest five leaves of control plants were simultaneously in
oculated with the first (PVY) and the challenge virus (PeMV). 
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Table 13. Effect of the interval between first virus 
(potato virus Y) and challenge virus (pepper 
mottle virus) inoculations in Capsicum annuurn 
L. 'Tabasco' on the time of appearance of systemic 
necrosis and death of 'Tabasco' plants. 

Days between the first Days between the challenge 
and the challenge inoculation and: 
inoculations appearance of death of 

systemic necrosisa plants 

15 11 21 

Control 10 19 

20 15 24 

Control 10 18 

25 18 27 

Control 11 18 

30 19 30 

Control 11 20 

35 20 37 

Control 10 20 

40 23 40 

Control 11 20 

aNo local lesions were formed. 
The lowest five leaves of control plants were simultaneously 
inoculated with the first (PVY) and the ~hallenge virus 
(PeMV). 
Test was repeated two times. 
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Table 14. Effect of interference between potato virus 
Y (PVY) and pepper mottle virus (PeMV) on the 
height of virus infected Nicotiana tabacurn L. 
'Xanthi' plants. 

Plant height (cm) 
Viruses after 8 wks G 

Treatment Control 

PVY 62.1 70.2 

PeMV 60.3 72.8 

PVY + Pe~N 61.5 71.3 

Average 61.3 71.4 

aAverage height of six plants., test was repeated two 
times. 
Control plants were noninoculated. 
Test was repeated two times. 
There were no significant differences at the 0.01 level 

in the heights of Xanthi plants inoculated with the 
first or the challenge virus or both but infected 
plants were significantly shorter than the controls. 
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the viruses in the Xanthi plants with or without nitrogen supple

mentation (Table 15). 

Serology 

Potato virus Y (Ne-57) antisera titres were 256 and 512 as 

determined by the microprecipitin test and irnrnunoelectron micro

scopic serology respectively. It was not serologically related 

to PVMV, TVMV, PeMV-AZD, TEV, or PSV. 

Discussion 

Two host systems (Capsicum annuum. Tabasco and Special pepper) 

proved to be useful in the detection of interference between potato 

virus Y (PVY) and pepper mottle virus (PeMV). This was done by re

ciprocal interference tests based on the host plants system-local 

reactions to the viruses (33). The two viruses interfered with each 

other even though they were not serologically related. 

The decrease in and ultimate inhibition of local lesions (LL) 

with increase in the interval between the first and the challenge 

virus inoculations suggests that the first virus probably occupied 

more infectible sites, leaving less for the incoming challenge virus 

(40), thus delaying its build-up. Bawden (7), Bawden and Kassanis (8), 

Siegel (42), and Wu and Rappaport (52) suggested that viruses active

ly compete for the same sites within cells of doubly-infected plants. 

A degree of association was found between the interference 

results and the relative concentration of PVV and Pe~N in Tabasco 

and Special pepper. The fact that systemic necrosis and death 



Table 15. Effect of supplementary nitrogen application on the 
interference between potato virus Y (PVY) and 
pepper mottle virus (PeMV) in Nicotiana tabacum L. 
'Xant;hi' plants. 

Weekly sample Virus concentration/wk. 
PVY PeMV 

1 10.8 10.1 

Control 9.9 10.3 

2 12.6 11.8 

Control 11. 9 11.0 

3 13.7 12.5 

Control 13.2 11.9 

4 14.5 13.3 

Control 13.9 13.1 

5 14.6 13.5 

Control 14.0 13.6 

6 14.9 13.8 

Control 14.2 13.5 

a Average of virus particles on 32 grid apertures 
representing 15 leaves from three plants., test was 
repeated two times. 

Control plants were not given supplementary nitrogen 
application. 
Assays were started 8 days after inoculation. 
Subsequent assays were made every 8 days. 
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occurred regardless of the time of the challenge inoculation means 

that there was no complete cross protection between PVY and PeMV 

either in Tabasco or in Special pepper. The absence of complete 

cross protection in these hosts could be explained by the fact that 

when either PVY or PeMV is used as the first virus, neither of them 

invaded these hosts uniformly, leaving certain areas of the leaves 

unprotected. Only those tissues fully infected by the first virus 

resist infection by the second (27,41,44). This was confirmed when 

more LL per 10 cm2 of leaf and virus particles were obtained with 

increases in the amount of inoculum containing the challenge virus 

in relation to the first virus. Conversely when the concentration 

of the first virus was increased relative to the challenge virus, 

fewer LL and virus particles were obtained as a consequence of the 

challenge virus (51). 

Results obtained with the quantitative estimation of virus 

particles in separate and bulked samples suggested that for the pur

pose of transmission electron microscopic (TEM) studies, it was not 

necessary to use separate samples from replicate plants. Rather, they 

could be bulked together. 

The hastening of the appearance of LL, systemic necrosis, 

and death of Tabasco and Special pepper, obtained with the challenge 

inoculations of the youngest leaves in relation to the oldest leaves, 

confirmed the results showing higher concentrations of the first and 

challenge virus in systemically infected leaves in comparison to 
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concentrations in the lateral roots and directly inoculated leaves. 

Potato virus Y and PeMV interference did not affect the 

height of N. tabacum 'Xanthi' plants when compared with similar 

plants inoculated singly with PVY or PeMV neither did supplementary 

nitrogen application affect the concentration of these viruses in 

doubly infected Xanthi plants (39). 

The immunoelectron microscopic serology (IEMS) tests 

(Figure 7) confirmed the occurrence of and interferences in multi

plication rate between PVY and PeMV. Therefore, this serological 

technique was very valuable when used in conjuction with the LL 

assay method in demonstrating interference between two viruses (39). 



CHAPTER 3 

ROOT TRANSMISSION OF TOBACCO ETCH VIRUS 

FROM TABASCO TO TABASCO PEPPER PLANTS 

Introduction 

Wilting is a unique response of Capsicum annuum L. 'Tabasco' 

to tobacco etch virus (TEV) infection. Approximately 2 days after 

wilt symptoms appear, roots of infected Tabasco peppers become 

necrotic (50) due to systemic multiplication of the virus in the 

leaves, with a subsequent high concentration of virus moving to the 

root cells (55). As a result of the hypersensitive response, the 

cells die giving rise to necrosis of the phloem, the cambium, and 

the degeneration of cortex and plastids. These lead to loss of 

water uptake by the roots and hence the plant wilts and dies. 

The purpose of this investigation was to establish the root 

transmission of TEV between two Tabasco pepper plants whose roots 

had been allowed to intertwine to form a graft. 

Materials and Methods 

Ten 30 em diameter plastic pots were filled with a mixture 

of sand and peat moss. Two 15-cm tall seedlings of Tabasco plants 

were transplanted into each pot. Each seedling was about 25 cm away 

from the other. One of the seedlings was inoculated with TEV when 

the plants were 30 em tall. Similar experiments were carried out 
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with seedlings of Tabasco and Datura metel DC. and between D. metel 

seedlings. Controls included 10 single Tabasco or Q. metel plants 

inoculated with TEV. The experiment was repeated three times. 

In a second experiment, 10 plants each of Tabasco and 

D. metel were separately inoculated with TEV. Twelve days after 

inoculation, the concentration of TEV in the leaves and roots was 

determined with the transmission electron microscope (TEM) as des-

cribed earlier in Chapter 2. The experiment was repeated three times. 

The aerial parts of the plants in the same pot were trained 

to grow away from each other and the greenhouse was fumigated to 

kill aerial vectors of viruses (insects, mites, and spiders). 

Results 

Tabasco plants began to wilt 8 days after inoculation. After 

a further 4 days, some of the paired uninoculated Tabasco plants 

began to wilt, indicating a probable cross infection (Figure 12). 

Out of 30 pairs of Tabasco plants, cross infection occurred in 16 

pairs. There was no cross infection of TEV from Tabasco to D. metel 

or vice versa nor between Q. metel plants (Table 16) in the same time 

period. There were grafts between some lateral roots of the Tabasco 

plants in the same pot in which cross infection occurred but not 

between other host combinations. 

The symptoms in the controls and cross infected Tabasco 

plants included very faint mosaic on the top-most leaves (6 days after 

inoculation), wilt (after a further 2 days), and death (IS days after 

inoculation). 



Figure 12. Root transmission of 
tobacco etch virus in 
Capsicum annuum 
'Tabasco' 

A inoculated Tabasco plant 
B - - cross infected Tabasco plant 



Figure 12. Root transmission of tobacco etch virus 
in Capsicum annuum 'Tabasco'. 
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Table 16. Root transmission of tobacco etch virus (TEV) from Tabasco 
(Capsicum annuum L.) to Tabasco plants. 

Days between inoculation Number of 
and first appearance of cross in-

Host combination symEtom ona : fected plants 
Directly Cross infected out of 30 
inoculated host pairs 

host 

Tabasco to Tabasco 8 12 16.0 
Control Tabasco 8 

Tabasco to Datura 8 0.0 0.0 
metel DC. 
Control D. metel 7 

D. metel to Tabasco 7 0.0 0.0 
-Control Tabasco 7 

D. metel to D. metel 7 0.0 0." 
-Control D. meteI-- 7 

apaired plants were in the same pot for 8 wk prior to inoculation. 
Control consisted of only one plant per pot. 
Tests were repeated three times. 

Per cent 
of cross 
infected 
plants 

53.3 

0.0 

0.0 

0.0 

/J1 
00 
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The concentration of TEV was three times higher in Tabasco 

roots than in Tabasco leaves, but two times higher in Q. mete1 leaves 

than roots of the same plant. The concentration was seven times 

higher in Tabasco roots than in Datura mete1 roots (Table 17). 

Discussion 

Tobacco etch virus (TEV) was apparently transmitted from one 

Tabasco plant to another. The transmission was probably effected 

through grafts between lateral roots of the inoculated and uninocula

ted Tabasco plants as no cross infection occurred between paired 

plants in which root grafts were absent. In addition, no nematodes 

and soil-borne fungi are known so far to transmit TEV. 

The high concentration of TEV in Tabasco roots, the hyper

sensitive response of its roots to TEV infection and the formation 

of root grafts between two Tabasco plants are strong evidences that 

TEV was transmitted through the roots. On the other hand, roots of 

TEV infected Q. metel plants appeared as healthy as uninoculated 

roots, even though virus particles were present. 



Table 17. Concentration of tobacco etch virus (TEV) in 
the leaves and roots of Capsicum annuum L. 
'Tabasco' and Datura metel DC. plants 12 days 
after inoculation. 

Host Virus concentrationa 

Leaves Roots 

Capsicum annuum 
'Tabasco' 

Datura metel 

7.1 

7.5 

22.4 

3.3 

aAverage of virus particles on 32 grid apertures 
representing 10 plants.", test was repeated three times. 

Assays were made 12 days after inoculation. 
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CHAPTER 4 

STRUCTURAL INTERACTION BETWEEN POTATO VIRUS Y (PVY) 

AND PEPPER MOTTLE VIRUS (PeMV)., POTATO VIRUS Y 

AND TOBACCO ETCH VIRUS (TEV) 

IN MIXED INFECTIONS 

Introduction 

Two viruses, or strains of a virus replicating simultaneously 

in the same host, have ample opportunity to interact structurally be

cause the replication of their parts at neighboring sites could be 

opportunities to form mixed codes (12). A replicase enzyme speci

fic to the RNA of one virus or strain of a virus can substitute for 

a similar replicase of another related virus or strain sufficiently 

to code "something" which will replicate or at least transcribe or 

transfer a code (12). This may result in mixed codes derived from 

two viruses or strains, some of which would make sense and be re

plicated. More likely is the possibility of an RNA strand of one 

virus (or strain) 'annealing' with the complementary strand of a 

different virus (or strain) and so forming a mixed duplex. Recom

bination of genetic units and the formation of hybrid codes could 

occur during such events. The formation of hybrid codes could lead 

to the formation of hybrid virus particles and thus new strains, or 

the nucleic acid of one virus or strain may become coated with mixed 

capsid protein of both viruses or strains (phenotypic mixing). The 
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new strain could effect a reduction of virulence of severe viruses 

or strains (in respect to host reaction) and converse effect on 

milder viruses or strains (12,38). 

This investigation was to determine if interaction occurred 

between potato virus Y (PVY) and pepper mottle virus (PeMV) and 

between PVY and tobacco etch virus (TEV) in Capsicum annuum L. 

'Anaheim' leading to new recombinant products. 

Materials and Methods 

Mixed Inoculations 

Mechanical Mixing. Each of the viruses PVY, PeMV and TEV 

was inoculated into three separate plants each of C. annuum L. 

'Anaheim' plants. Twenty days later mixed sap from the following 

pairs PVY and PeMV, PVY and TEV were inoculated into three plants 

each of C. annuum L. 'Special pepper', 'Tabasco', 'Anaheim' and 

Nicotiana tabacum L 'Xanthi'. Potato virus Y and TEV were similarly 

inoculated into oth~r plants of the same hosts. Inoculum consisted 

of 1:1 ratios (by weight) of infected tissues and O.lM phosphate 

buffer (pH 7.0) ground in a mortar. The test was repeated two times. 

Inoculum From MIxed Infections. Twenty days after the mixed 

inoculation into Anaheim and Xanthi plants, infected leaves were 

harvested and ground along with O.lM phosphate buffer, pH 7.0. The 

sap was inoculated into appropriate hosts (special pepper, Anaheim, 

Tabasco, and Agronomico-8, Q. metel DC and D. stramonium L.). The 

test was repeated two times. 
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Analysis of Results of Mixed Infections 

Immunoelectron Microscopic Serology. Leaves (lg) contain-

ing a given mixture of two viruses were finely chopped with a clean 

razor blade, placed in a vial containing 4 ml of buffer and shaken. 

Four drops of the crude sap were mixed on a glass slide. Two drops 

of antiserum for one of the viruses was added. Finally, the mixture 

was mixed with 3 drops of 4% phosphotungstic acid (PTA), pH 7.0. 

Carbon coated grids (300 mesh) were placed on the surface of the 

preparation for 1 min. The grids were removed, gently touched with 

a piece of filter paper (Whatman No.1) to remove excess liquid and 

examined using an Hitachi H-SOO transmission electron microscope 

(TEM). The covered particles were regarded as those of the virus 

whose antiserum was used while the non covered particles were con

sidered to be those of the other virus in the mixture. A reciprocal 

test was done using antiserum·for the other virus. Thisprocedure 

confirmed that infection by both viruses had indeed taken place. The 

tests were repeated two times. 

Indicator Hosts. Potato virus Y and PeMV induce local 

lesions (LL) followed by systemic necrosis (SN) and death of 

Special pepper and Tabasco, respectively., tobacco etch virus 

causes wilt then death of Tabasco. All three viruses induce systemic 

mosaic (SM) in Anaheim and Xanthi plants. Only PVY (of the three 

viruses) infects, Q. metel, while only TEV infects D. stramonium 

and only Pe~N infects C. annuum Agronomico-S (Table IS). 



Table 18. Host reactions resulting from inoculations of mixed inoculum (each virus from 
separately infected plants) and mixed infection of potato virus Y (PVY) and 
pepper mottle virus (PeMV)., potato virus Y and tobacco etch virus (TEV) in 
some solanaceous plants (Capsicum annuum L. Anaheim, Tabasco, Special pepper, 
Agronomico-8, Datura metel DC., and Q. stramonium L)a 

Inoculated Virus Type and source Reaction in Products 
host Combination of inoculum inoculated of mixed 

host inoculations 

C. annuum L. PVY, PeMV Separate viruses 
'Anaheim' from: PVY ~ PeMV Anaheim S~~ & new VJ.rus 

Nicotiana SM PVY & PeMV 
tabacum L. 
'Xanthi' 

PVY + PeMV Mixed infection 
from: PVY, PeMV Anaheim SM & new virus 

Xanthi SM PVY & PeMV 

PVY, TEV Separate viruses 
from: 

Anaheim SM PVY, TEV & 
some pheno-
typically 
mixed 
particles 

Xanthi 
(j\ 
.(:>. 



Table l8--Cont'd. Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated 
host 

C. annuum L. 
'Anaheim' 
Continued 

C. annuum L. 

'Tabasco' 

Virus 
Combination 

PVY + TEV 

PVY, PeMV 

, ------

Type and source 
of inoculum 

Mixed infection 
from: 

Anaheim 

Xanthi 

Separate viruses 
from: 

Anaheim 

Xanthi 

Mixed infection 
from: 

Anaheim 

Xanthi 

Reaction in 
inoculated 

host 

SM 

LL, SN & death 

LL, SN & death 

LL, SN & death 

LL, SN & death 

Products 
of mixed 
inoculations 

PVY, TEV & some 
phenotypically 
mixed 
particles 

PVY & PeMV 

PVY & PeMV 

PVY, PeMV 
& new virus 

PVY & PeMV 
0\ 
U1 



Table l8--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper,Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated Virus Type and source Reaction in Products 
host Combination of inoculum inoculated of mixed 

host inoculations 

C. annuum L. PVY, TEV Separate viruses 
'Tabasco' from: 
Continued Anaheim Wil t and death PVY, TEV & 

some pheno-
typically 
mixed 
particles 

Xanthi 

PVY + TEV Mixed infection 
from: 

Anaheim SM in hot PVY, TEV & 
weather, wilt some pheno-
and death during typically 
cold weather mixed 

particles 

Xanthi 

C. annuum L. PVY, PeMV Separate viruses 
from: 

'Special pepper' Anaheim LL, SN & death PVY & PeMV 

Xanthi LL, SN & death PVY & PeMV 

0\ 
0\ 



Table l8--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper,Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated 
host 

C. annuum L. 
'Special pepper' 

Continued 

Virus 
combination 

PVY + PeMV 

PVY, TEV 

PVY + TEV 

Type and source 
of inoculum 

Mixed infection 
from: 

Anaheim 

Xanthi 

Separate viruses 
from: 

Anaheim 

Xanthi 

Mixed infection 
from: 

Anaheim 

Xanthi 

Reaction in 
inoculated 

host 

SM 

LL, SN & death 

LL, SN & death 

SM 

Products 
of mixed 

inoculations 

PVY, PeMV & 
new virus 

PVY & PeMV 

PVY, TEV & 
some pheno-
typically 
mixed 
particles 

PVY, TEV & 
some pheno-
typically 
mixed 
particles 0\ 

-....] 



Table l8--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (Pe~W)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper,Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated Virus Type and source Reaction in Products 
host combination of inoculum inoculated of mixed 

host inoculations 

C. annuum L. PVY, Pe~W Separate viruses 
from: 

'Agronomico-8' Anaheim SM PeMV 

Xanthi SM PeMV 

PVY, PeMV Mixed infection 
from: 

Anaheim SM PeMV & 
new virus 

Xanthi SM PeMV. 

PVY, TEV Separate viruses 
from: 

Anaheim NI NN 

Xanthi NI NN 

PVY + TEV Mixed infection 
from: 

Anaheim NI NN 

Xanthi NI NN 

0\ 
00 



Table l8--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper,Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated Virus Type and source Reaction in Products 
host combination of inoculum inoculated of mixed 

host inoculations 

Datura metel DC. PVY, PeMV Separate viruses 
from: 

Anaheim SM PVY 

Xanthi SM PVY 

PVY + PeMV Mixed infection 
from: 

Anaheim SM PVY & 
new virus 

Xanthi SM PVY 

PVY, TEV Separate viruses 
from: 

Anaheim 'SM PVY 

Xanthi SM PVY 

PVY + TEV Mixed infection 
from: 

Anaheim SM PVY 

Xanthi SM PVY 

0\ 
ID 



Table l8--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY} and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper Agronomico-8, Datura metel DC., and D. stramonium L)a 

Inoculated 
host 

D. stramonium L. 

Virus 
combination 

PVY, PeMV 

PVY + PeMV 

PVY, TEV 

, ------

Type and source 
of inoculum 

Separate viruses 
from: 

Anaheim 

Xanthi 

Mixed infection 
from: 

Anaheim 

Xanthi 

Separate viruses 
from: 

Anaheim 

Xanthi 

Reaction in 
inoculated 

host 

NI 

NI 

NT 

NT 

SM 

SM 

Products 
of mixed 
inoculations 

NN 

NN 

NN 

NN 

TEV 

TEV 

-...J 
o 



Table 18--Cont'd Host reactions resulting from inoculations of mixed inoculum (each virus 
from separately infected plants) and mixed infection of potato virus Y 
(PVY) and pepper mottle virus (PeMV)., potato virus Y and tobacco etch 
virus (TEV) in some solanaceous plants (Capsicum annuum L. Anaheim, 
Tabasco, Special pepper,Agronomico-8, Datura metel DC." and D. stramonium L)a 

Inoculated 
host 

D. stramonium L. 
Continued 

aAbbreviations: LL 

Virus 
combination 

PVY + TEV 

Type and source 
of inoculum 

Mixed infection 
from: 

Anaheim 

Xanthi 

SN = 
SM = 

local lesions 
systemic necrosis 
systemic mosaic 

NI 
NN 

Reaction in 
inoculated 

host 

SM 

SM 

no infection 
= none 

not tested 

Products 
of mixed 
inoculations 

TEV 

TEV 

Mixed infection = Anaheim and Xanthi plants dually infected with two 
viruses. 

Phenotypic mixing = The nucleic acid of a virus is coated with mixed 
capsid protein of its own and that of another virus. 

Three plants each were inoculated per test., each test was repeated 
two times. 

--J 
...... 
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Separation of Viruses From Mixed Infections 

Neutralization of Infectivity. For the first procedure 

tested, 50 g of leaves of Anaheim plants infected with PVY and PeMV 

or PVY and TEV were harvested and ground in 100 ml of 0.1 M phos

phate buffer, pH 7.0. Sap was strained through four layers of 

cheesecloth. Sap from each collection (40 ml) was mixed with 10 ml 

of undiluted antiserum of one of the virus pairs. The mixture was 

stirred for 10 min to ensure adequate reaction and even distribution 

of the antiserum. Four plants ~ach of f. annuum Special pepper and 

Tabasco, Q. metel, and Q. stramonium (as was appropriate) were in

oculated with a given mixture. The test was repeated two times. 

In the second method the strained sap was clarified (when 

the mixture contained gg" butanol) at. low speed (5,000 rpm) centrifu

gation for 10 min and neutralized with the appropriate antiserum, and 

inoculated onto four plants of the appropriate hosts. The test was 

repeated two times. 

In experiments 3 and 4, the strained sap was clarified and 

put through one and two cycles of differential centrifugation, res

pectively. The pellets were suspended in 12 ml of 0.1 M phosphate 

buffer which then was mixed with 3 ml of the appropriate antiserum 

and inoculated into four plants each of the appropriate hosts. Tests 

were repeated two times. 

In experiment 5, similar to the above, after neutralizing 

one of the virus pairs with its homologous antiserum, the virus 

mixture was subjected to low speed centrifugation (5,000 rpm) for 
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10 min to precipitate the clumped or aggregated virus. The super-

natant containing the unneutralize~ virus particles was used to 

inoculate the appropriate hosts. 

AJI inoculated plants were tested 3 wk later for the presence 

of the paired viruses by means of immunoelectron microscopic serology 

(IEMS) . All tests were repeated two times. 

Serial Transfers in Separation Hosts. After separating the 

virus mixtures (PVY and PeMV, PVY and TEV) from each other using 

known separation hosts, each virus was serially transferred six times 

in that host. These transfers were repeated two times. 

Identity and Characterization of Products of 
. ·1ixed I nf ec ti ons 

Serological Reactions. Following the sixth transfer, the 

virus was re-isolated, purified by two cycle of differential centri-

fugation. The virus suspension was divided into two portions. One 

was reacted with the antiserum for the second virus prior to ex-

amination with the TEM. Any differences were noted. The serolo-

gical tests were repeated four times. 

Differential Host Reactions. Each product of the separation 

of mixed infection also was inoculated into appropriate indicator 

hosts (Special pepper and Tabasco). This was repeated two times. 

Results 

Response of Hosts Inoculated with Mechanically 

~ixed Inoculum 

A mixed inoculum of PVY and Pe~W from separately infected 
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Anaheim and Xanthi plants (Table 18) behaved as if each virus was 

inoculated alone into Tabasco and Special pepper (Table 2). 

Response of Hosts Inoculated with Inoculum Derived 
From Mixea infect10n 

Inoculum containing a mixture of PVY and PeMV (from Anaheim 

pepper) did not induce LL, systemic necrosis (SN) nor death of 

Special pepper but induced systemic mosaic (SM). A similar response 

was observed when a mixture of PVY and TEV from Anaheim plants was 

inoculated into Special pepper (Table 18). A mixed infection of 

PVY and PeMV in Xanthi plants induced LL, SN, and death of Special 

pepper, unlike the result caused by the mixture of these viruses from 

Anaheim plants. 

The behavior of TEV in a mixed infection with PVY was depen-

dent upon weather factors, particularly temperature. Tobacco etch 

virus in a mixed infection with PVY did not induce wilt nor death of 

Tabasco in our greenhouse in hot weather in June to August (25-30 C) 

but did in moderate to cold weather of 20-25 C (Table 18). Control 

Tabasco plants inoculated with only TEV, always evidenced wilt and 

death, irrespective of the time of the year or greenhouse temperature. 

The concentration of TEV in Tabasco roots (also infected with PVY) 

measured with the IEMS in summer was only half that of winter 

(Table 19). These results suggested that the change in the response 

of Special pepper to PVY in a mixed infection with Pe~N was host 

specific. 



Table 19. Concentration of tobacco etch virus (TEV) in 
the roots of Capsicum annuum L. 'Tabasco' 
doubly infected with potato virus Y (PVY) and 

PVY + TEV 

b Controls: 

PVY (alone) 

TEV (alone) 

TEV in winter and summer 12 days after inoculation. 

Virus concentrationa in: 

January (Winter) July (Summer) 
PVY TEV PVY TEV 

2.3 15.2 3.0 7.4 

5.2 6.1 

19.3 10.0 

aAverage of virus particles per 32 grid apertures represent
ing 15 lateral roots from three plants, test was repeated 
two times. 

b Three control plants each were separately inoculated with 
PVY or TEV., test was repeated two times. 
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Analysis of Results with Immunoelectron Microscopic 
Serology (IEMS) 
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Examination by IEMS of leaves from separate Special pepper 

and Tabasco individually inoculated with PVY, PeMV and TEV revealed 

normal appearing viruses in Special pepper and Tabasco. On the other 

hand, three types of virus particles were noted in extracts from 

Anaheim plants doubly infected with PVY and PeMV. Potato virus Y, 

PeMV, and a low concentration of a third flexous virus that reacted 

weakly when treated with either PVY or PeMV antiserum but moderately 

to mixed antisera for both viruses (Figure 13). All three virus 

particles were also present in Tabasco and Special pepper that had 

been similarly inocualted (Table 18). 

Examination of sap from Anaheim plants infected with PVY and 

TEV (Figure 14) revealed that the nucleic acids of some of the PVY 

and TEV particles were coated with capsid protein of both viruses 

(phenotypic mixing) as previously reported (34). 

Separation of Viruses in Mixed Infections 

Differential Host Reactions. Datura metel and Agronomico-8 

served as separation hosts respectively for PVY and Pe~N from the 

mixed infection of both viruses. The new virus and PVY were both 

detected in D. metel by IEMS. No Pe~N particles were detected in 

D. metel (Table 18). In Tabasco and Special pepper, Pe~N, PVY, and 

the new virus were detected by means of IEMS. HO\~ever, the new virus 

was in a very low concentration (Table 20). 



Figure 13. Electron micrographs showing serological reactions 
between the new virus and other viruses, negatively 
stained with 1.2% phosphotungstic acid, pH 7.0 to 
give a contrast between the virus particles and 
the background. 

A - PVY (NC-57) mixed with its homologous antiserum 
(X32,000). 

B - PeMV-AZD mixed with its homologous antiserum 
(X28, 000) • 

C - New virus mixed \vi th antiserum to PVY (NC-57). 
Particles show very weak antibody reaction 
(X50,000). 

D - New virus mixed with antiserum to PeMV-AZD. 
Particles show very weak antibody reaction 
(X48,965). 

E - New virus mixed with PVY (NC-57) and PeMV-AZD 
antisera show mederate to strong reaction 
(X45,364) . 

F - New virus and PVY (NC-57) particles mixed 
with PVY (NC-57) antiserum. Particle 
showing weak reaction is that of the new virus 
(X43,000). 



rigu~e 13. Serological reactions between the new virus and 
other viruses. 
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Eigure 14. Electron micrograph showing phenotypic 
mixing of potato virus Y and tobacco 
etch virus particle from Capsicum 
annuum L. 'Anaheim' leaves neutra
lized with tobacco etch virus antiserum 
and negatively stained with 1.2% phos
photungstic acid pH 7.0 (X70,285). 



Fi~Jre 14. Phenotypic mixing of potato virus Y and tobacco etch virus particle. 
'.I 
00 



Table 20. Concentration of potato virus Y North 
Carolina strain 57 (PVY NC-57), new 
virus, and pepper mottle virus (PeMV) 
in Capsicum annuum L. 'Anaheim' 
12 days after inoculation in November. 

Virus concentrationa 

PVY(NC-57) New Virus PeMV 

Plants with all 
three viruses 

Plants.witg only 
one VIrus 

8.1 

17.9 

3.6 

7.8 

aAverage of virus particles per 32 grid apertures 
.representing 15 leaves from three plants., test 
was repeated two times. 

bEach virus was inoculated into separate C. annuum 
'Anaheim' plants. 

7.5 

16.4 
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Datura stramonium was used to separate TEV from a mixed 

infection of PVY and TEV. Some particles of both viruses in a 

phenotypically mixed state were detected in Special pepper and 

Tabasco by IEMS (Table 18). 
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Neutralization of Infectivity. In all the neutralization 

of infectivity experiments with PVY and PeMV, PVY did not induce LL, 

SN nor death of Special pepper (Table 21) probably because it was 

present in a low concentration (Table 20). 

Datura stramonium (the separation host for TEV from a mixed 

infection of PVY and TEV) was not infected because TEV was neutra

lized by its antiserum. There was SM in Tabasco (Table 21). 

Serial Transfers in Separation Hosts. When a mixture of PVY 

and PeMV from Anaheim plants was serially transferred to six sets of 

Special pepper plants, no symptoms typical of those induced by PeMV 

occurred (Table 22). 

When sap from a mixed infection of PeMV and PVY in Anaheim 

peppers was used as inoculum for Q. metel, PVY and a new flexuous 

virus that reacted weakly with PVY antisera were recovered (Table 23). 

With serial transfers of both viruses in six sets of Datura metel, 

the new virus completely dominated the original PVY (Ne-57), indica

ting that the new virus was stable (Table 23). When Special pepper 

was alternated with Datura metel in the serial transfers, there was 

only SM on Special pepper (Table 22). 

The ne\v virus infected Agronomico-8 producing milder SM 



Table 21. Symptoms induced in selected solanaceous 
hosts by mixtures of potato virus Y (PVY) 
+ pepper mottle virus (PeMV) treated with 
PeMV antiserum and of PVY + tobacco etch 
virus (TEV) treated with TEV antiserum 12 
days after inoculation. 

Host PVY + PeMV + PVY + TEV + 
antisera to PeMV antisera to TEV 

D. metel DC. SMa SM 

D. . stramonium L. NI NI 

C. annuum L. 

'Tabasco' SM SM 

'Special pepper' SM SM 

'Agronomico-8' NI NI 

aAbbreviations: SM = Systemic mosaic., NI = no infection. 

Three plants each were inoculated per test., 
each test was repeated two times. 
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Table 22. Symptoms induced when inoculum of potato virus Y (PVY) + pepper mottle 
virus (PeMV) is recovered from Capsicum annuum L. 'Anaheim' and serially 
transferred three times through one host only or alternated between two 
hosts (Special pepper (SP),Tabasco, Agronomico-8 (AG-8), and Datura metel). 

Symptom SP Tabasco Datura metel 
only Alternated only Alternated only Alternated Alternated 

with 'Anaheim' with SP with SP with 
AG-8 

SP "Anaheim' Tabasco SP Datura SP AG-8 
metel 

LL No No No Yes Yes No No No No No 

SM Yes Yes Yes No No Yes Yes Yes Yes Yes 

SN No No No Yes Yes No No :!o No No 

Death No No No Yes Yes No No No No No 

SP = Special pepper; AG-8 
SN systemic necrosis. 

agronomico-8; LL local lesion; SM systemic mosaic; 

Three plants were used per test 

Each test was repeated two times. 

co 
N 



Table 23. Concentration of potato virus Y (PVY) and 
new virus in co-infected Datura mete1 DC. 
after the first and sixth transfer in this 
host, 12 days after inoculation. 

Virus concentrationa 
PVY New Virus 

First transfer 5.2 2.4 

Control b 7.0 4.1 

Sixth transfer 0.0 4.6 

Control b 6.8 5.1 

aAverage of virus particles per 32 grid apertures 
representing IS leaves from three plants., test 
was repeated two times. 

bEach virus 'vas inoculated into three separate 
D. metel plants. 
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symptoms in comparison with PeMV \.,rhereas the original PVY (NC-57) 

does not infect Agronomico-8. The new virus produced similar 

mosaic symptoms on Q. mete1 in comparison with the original PVY 

(NC-57). It also induced only SM symptoms in Tabasco. The com

parison of the new virus with PVY (NC-57) and PeMV, with respect 

to host range and symptomatology are summarized in Table 24. 

lrhen sap from Anaheim containing a mixture of PVY and TEV 

was inoculated into Datura stramonium, TEV alone was subsequently 

detected by IEMS. lrhen serial transfers of these were made to 

seven sets of D. stramonium, to Tabasco alternated with Q. stramo

nium, to Tabasco alone, and to Tabasco alternated with Anaheim 

plants, wilt and death was produced in Tabasco' (Table 25). 

Identity and Characterization of Products of Mixed 

Inoculations With Serological Reactions 

The new virus reacted weakly with antisera to PVY and Pe~W 

when tested separately but moderately when both antisera were mixed 

(Figure 13). No serological change was detected in the PeMV or PVY. 

There was no serological reaction between the new virus and TEV, 

pepper veinal mottle virus, or tobacco veinal mottle virus (Table 26). 

Phenotypic mixing occurred between PVY and TEV in mixed infections. 

(Figure 14). 

Discussion 

Based on IEMS and host range studies, I have evidence that a 

new virus strain can develop in C. annuum Anaheim following 



Table 24. Symptoms induced individually by potato virus 
Y strain NC-57 (PVY NC-57), new virus (PVY-N), 
and pepper mottle virus (PeMV) in some selected 
solanaceous plants 12 days after inoculationa . 

Host 

Capsicum annuum L. 
'Special pepper' 

'Tabasco' 

'Agronomico-8' 

'Anaheim' 

Nicotiana tabacum L. 
'Xanthi' 

Datura metel DC. 

Datura stramonium L. 

aAbbreviations: LL = 
SM = 
SN = 

NVS= 

Reaction to: 
PVY(NC-57) 

LL, SN 
& death 

SM 

NVS 

SM 

SM 

SM 

NVS 

local lesions 
systemic mosaic 
systemic necrosis 
no visible symptom 

PVY-N 

SM 

SM 

SM 

SM 

NVS 

SM 

NVS 

PeMV 

SM 

LL, SN 
& death 

SM 

SM 

SM 

NVS 

NVS 

Three plants each were inoculated per test., each test was 
repeated two times. 
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Table 25. Symptoms induced when tobacco etch virus (TEV) was 
separated from inoculum containing potato virus Y 
(PVY) + TEV using Datura stramonium L. and serially 
transferred three times through one host only or 
alternated between two hosts (Tabasco and anaheim). 

Symptom Datura stramonium L. 'Tabasco' 
only Alternated only Alternated 

with Tabasco with 
'Anaheim' 

'Tabasco' 'Anaheim' 

Wilt and death No Yes Yes No 

Systemic mosaic Yes No No Yes 

Three plants were used per test 

Each test was repeated two times 
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Table 26. Serological tests between PVY-N and antisera 
to some potyviruses using immunoelectron 
microscopic serology. 

Antisera used Reaction with 

PVY eNe-57) WRa 

PeMV-AZD WR 

TEV NRb 

PVMV NR 

roN NR 

,Each serological test was carried out with two 
grids, and each test was repeated two times. 

~VR = weak reaction 

bNR = no reaction 

PVY-N 
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co-inoculations with PVY and PeMV. Because it has serological and 

host range properties similar to PVY (NC-57) but dominated PVY 

(NC-57) after six serial transfers in Q. metel, I believe this should 

be designated as a strain of PVY (PVY-N). 

Potato virus Y in a mixture with PeMV or TEV isolated from 

anaheim plants did not subsequently induce local lesions, systemic 

necrosis nor death of Special pepper as it normally does. A similar 

mixture from Xanthi plants did induce these symptoms on Special pepper. 

This suggests that the change in host response to PVY in a mixed in

fection was host dependent. 

The occurrence of PVY-N (in addition to the original PVY 

NC-57) and the phenotypic mixing between PVY (NC-57) and TEV played 

a role in the suppression of local lesions, systemic necrosis and 

death of Special pepper by PVY (NC-57). In the PVY (NC-57)/Pe~N-AZD 

mixed infection in Anaheim plants, PVY-N suppressed these symptoms 

because when isolated alone after passage through six sets of 

Q. metel plants and after filtering through ~. annuum Agronomico-8, 

PVY-N did not induce the typical symptoms of PVY (NC-57) on Special 

pepper. Rather systemic mosaic were seen. 

After the host separation of PVY (NC-57) using Q. metel and 

Agronomico-8, PVY-N was not detected in Agronomico-8probably be

cause it was in such a low concentration that the Pe~N-AZD dominated 

it. A phenomenon similar to that observed by Lima and Nelson (29) 

in their study of the interactions between strains IH and IIA of 
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squash mosaic virus in canteloupe in which the IH strain dominated 

the IIA strain. 

The replicase enzyme of Q. mete~ probably favoured the PVY-N 

more than the original PVY (NC-57), while the replicase enzyme of 

Agronomico-8 probably favoured PeMV more than the PVY-N. Therefore, 

PVY-N and Pe~W-AZD dominated in Q. metel and Agronomico-8, res-

pectively, resulting in the pure cultures of PVY-N obtained after 

serial transfers in D. metel. Since PVY (NC-57) did not infect 

Agronomico-8, this host probably filtered out this virus. 

Despite the neutralization and elimination of PeMV-AZD and 

TEV from the PVY (NC-57)/PeMV-AZD and PVY(NC-57)/TEV mixtures, PVY 

did not induce local lesions, systemic necrosis nor death of Special 

pepper in the observed time period of 15 days. This was probably 

due to the low concentration of PVY (NC-57) in the neutralized mix-

ture (further diluted by addition of antiserum) which did not build 

up enough in the observed time period to induce local 1esions,sys-· 

temic necrosis and death of Special pepper. 

Since PVY-N reacted weakly with either PVY (NC-57) or 

PeMV-AZD antiserum it might be assumed that there was a mixing of 

nucleic acids of these viruses in the PVY-N and hence its modified 

serological specificity. Wyatt and Kuhn (53) isolated a new strain 

(R) of cowpea chlorotic mottle virus (CCMV) from plants resistant to 

co\vpea plant introduction 186465 but which were infected \vith the 

type strain (T). Although the R strain was serologically different 
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from five naturally occurring CCMV strains, it was able to replicate 

in and systemically invade cowpea plants whicil were resistant to 

strain T. 

Tobacco etch virus in a mixed infection with PVY in the hot 

summer (greenhouse temperature of 25-30 C) did not induce wilt nor 

death of Tabasco but in moderate to cold weather (20-25 C) it in

duced these symptoms in Tabasco while TEV alone induced wilt and 

death of Tabasco irrespective of the greenhouse temperature or time 

of the year. Hsu, Lawson, and Aebig (23) in their study of TEV in

fected ~. tabacum Xanthi at various temperatures, observed that plants 

grown at 21 C contained 9-18 times as much virus as at 32 C. The lack 

of wilt and death of Tabasco in hot weather by TEV in a mixed in

fection with PVY was possibly due to the relatively low concentra

tion of TEV in the roots in summer as a result of mixed infection. 

Although no new strain was detected in the PVY (NC-57)/TEV 

mixed infection, phenotypic mixing occurred as revealed by IEMS 

studies. Similar results were obtained by Rochow (3.8) in his work with 

isolates of barley yellow dwarf virus, Ledinko and Hirst (28) in their 

mixed infection study with Poliovirus, and by Otsuki and Takebe (36) 

in their study of mixed infection of tobacco mosaic virus strains. 

The traditional method of virus control has been the use of 

resistant varieties. Their selection is a very demanding task. 

TIle success or failure of such efforts is built on two main activities. 

The first is through a continuing assessment of the quantitative and 
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qualitative identity of the virus disease in the field. The second 

is through a thorough screening of candidate resistant varieties to 

a broad representative cross-section of appropriate virus strains 

(35). The latter activity is complicated by the fact that a plant 

resistant to a single virus strain under greenhouse condition may 

pose resistance in the field where it can be exposed to dual or 

multiple virus infection resulting in the formation of new strains. 

This possibility is exemplified by PVY-N which in contrast to PVY 

(Ne-57) could infect Agronomico-8 but not N. tabacum Xanthi. 
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