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The objectives of this research were i) to evaluate some

citrus tristeza virus (CTV) mild isolates under greenhouse

conditions for cross protecting ability against the decline

syndrome, and ii) to develop methods for detection of severe

CTV challenge isolates in mixed infections in cross-protection

experiments. Valencia sweet orange plants budded on sour

orange rootstock were graft-inoculated by leaf pieces using

any of four different mild CTV isolates and subsequently

graft-challenged with a severe CTV isolate. Treatments were

evaluated at temperature regimens of 21-38°C and 21-33°C.

Plants pre-inoculated with mild isolates when challenged with

the severe isolate gave relatively lower ELISA values as

compared to the unprotected, challenged control plants. The

MCA-13 monoclonal antibody provided a rapid method to detect
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the severe isolate in mixed infections. CTV-induced decline

(CTV-ID) occurred irregularly within the first 10 months after

challenge inoculation at both temperature regimens. The

preliminary evaluation of the cross-protecting ability of mild

isolates against the CTV-ID in plants on sour orange rootstock

can be accomplished under greenhouse conditions in a

relatively short time of 18-24 months.

Differences were found in the effectiveness of certain

tissues and/or hosts for graft-transmission of CTV. Leaf-

piece grafts transmitted CTV at a 90% rate vs a 75% rate using

bark pieces. Madam Vinous sweet orange was the most efficient

donor host giving 90% transmission to three receptor hosts,

followed by Mexican lime at 85%, and Citrus excelsa at 72%.

The dot-immunobinding assay (DIBA) was adapted for CTV

diagnosis by using several polyclonal and monoclonal

antibodies specific for CTV. The DIBA was as sensitive as

DAS-ELISA and DAS-indirect ELISA for CTV detection and

provides a reliable alternative for diagnosis of CTV.
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CHAPTER 1
INTRODUCTION

Citrus tristeza virus (CTV) is distributed in citrus

producing areas worldwide and is the most economically

important viral disease of citrus (Bar-Joseph et al. 1979a,

1981, 1989). The virus infects nearly all species, varieties,

and intergeneric hybrids of citrus, and some citrus relatives

(Bar-Joseph et al. 1979a; Garnsey and Lee, 1988; Muller and

Garnsey, 1984). However, the most destructive damage is the

induced decline in scions grafted on sour orange (Citrus

aurantium L.) rootstock. Some CTV isolates cause stem pitting

and loss of plant vigor on some orange and grapefruit scions

regardless of the rootstock (Bar-Joseph et al. 1979a, 1981,

1989) .

Citrus tristeza virus is a phloem-limited, flexuous

closterovirus approximately 2,000 x 11 nm in size, transmitted

by aphids in a semi-persistent manner (Bar-Joseph et al.

1979a; Lister and Bar-Joseph, 1981). A single stranded

positive sense RNA of 5.4-6.5 x 106 daltons has been isolated

from purified virus preparations (Bar-Joseph et al. 1985).

Several coat proteins of about Mr 28,000 (Guerri et al. 1990),

1
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23,000 and 21,000 (Lee et al. 1988b), respectively, have been

associated with CTV virions. The virus is readily transmitted

by budding and grafting (Bennett and Costa, 1949; Bar-Joseph

and Lee, 1990; Bar-Joseph et al. 1979a). Mechanical

transmission has been accomplished by slash inoculation of

partially purified virus preparations into the stem of hosts

such as citron (Citrus medica L.) and Mexican lime {C.

aurantifolia (Christm.) Swing.} (Garnsey and Muller, 1988;

Garnsey et al. 1977; Muller and Garnsey, 1984). Seed

transmission has not been demonstrated (McClean, 1957;

Wallace, 1978).

Citrus tristeza virus occurs naturally with a diversity

of isolates or strains which may differ greatly in their

biological properties, such as symptomatology in different

citrus hosts (Garnsey et al. 1987; McClean, 1974), aphid

transmissibility (Bar-Joseph and Loebenstein, 1973; Bar-Joseph

et al. 1977; Roistacher, 1981; Yokomi and Garnsey, 1987), and

sensitivity to warm temperatures (Ieki and Yamada, 1980;

Roistacher et al. 1974).

Several sensitive and relatively rapid methods have been

developed to diagnose the presence of CTV in infected plants.

These methods include SDS-immunodiffusion procedures (Garnsey

et al. 1979; Bar-Joseph et al. 1980), enzyme-linked

immunosorbent assay (ELISA) (Bar-Joseph et al. 1979b, 1980),

light and electron microscopy (Brlansky, 1987; Brlansky et al.

1984; Garnsey et al. 1980a), and in situ immunofluorescence
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(Brlansky et al. 1984; Tsuchizaki et al. 1978). Each of these

methods has different advantages, disadvantages, and

sensitivity levels. Therefore, a certain method may be used

for a particular purpose. Some methods, such as ELISA, are

dependable and widely used for indexing purposes (Garnsey et

al. 1981a).

Recently a monoclonal antibody was developed against a

decline-inducing isolate from Florida which, in ELISA, reacted

specifically with several severe CTV isolates from diverse

geographical areas, but not with mild isolates from the same

areas (Permar et al. 1990).

Control of CTV is difficult. In those few areas of the

world where CTV still is not present, quarantine and virus-

free certification programs are maintained to prevent the

introduction of infected budwood sources (Bar-Joseph et al.

1983, 1989). Likewise, in those areas with low CTV incidence,

large scale surveys and suppression measures are carried out

to reduce disease spread to other trees and locations and

prolong the use of sour orange as a rootstock (Bar-Joseph et

al. 1989). Once the disease becomes endemic, two situations

can result: a) CTV-induced decline develops and kills plants

grafted onto sour orange rootstock, whereas tolerant

rootstocks do not decline, and/or b) CTV-stem pitting can

affect sweet orange and/or grapefruit scions regardless of the

rootstock, resulting in a loss of plant vigor and yield. Mild

strain cross protection is the only known control measure
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which is effective against stem pitting (Bar-Joseph et al.

1989; Garnsey and Lee, 1988; Lee et al. 1987a). Genetic

resistance to CTV is not available in commercially acceptable

scions (Bar-Joseph et al. 1989; Garnsey and Lee, 1988). The

application of genetically engineered cross protection,

currently effective in several other crops (Beachy et al.

1987), is an attractive possibility for CTV control in the

future.

CTV has been widespread in Florida for many years and

induced decline has occurred in localized areas (Garnsey and

Jackson, 1975; Norman et al. 1961). However, until recently,

it had not caused major losses because most of the citrus

acreage had been propagated on CTV-tolerant rootstocks and

because of the prevalence of mild CTV isolates which did not

seriously affect trees grafted on sour orange rootstock

(Brlansky et al. 1986; Garnsey et al. 1980b; Lee et al.

1987a) . In the last decade the situation in Florida has

changed radically. Sour orange continued to be a very popular

rootstock because of cold tolerance, high fruit quality of the

scion, and its tolerance to citrus blight. The high demand

for plants on sour orange, plus discovery of citrus bacterial

leaf spot in some nurseries (Brlansky, 1988; Garnsey, personal

communication), caused nurserymen to use budwood from source

trees that had not been propagated previously on sour orange.

Many such trees apparently were harboring severe CTV isolates

(Brlansky et al. 1986; Lee et al. 1987a). Severe dwarfing of
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young trees propagated on sour orange has appeared in many

parts of Florida. Large scale outbreaks of induced decline

also have appeared in southern Florida, an area previously not

affected by CTV. Losses have exceeded 50% in some plantings

(Brlansky et al. 1986).

Management of CTV-induced decline in Florida is

difficult. The effective use of CTV tolerant rootstocks, such

as rough lemon (Citrus iambhiri Lush.), Troyer citrange

{Ppncirus trifoliata (L.) Raf. x C. sinensis (L.) Osb.},

Cleopatra mandarin (C. reshni Hort. ex Tanaka), sweet orange

(C. sinensis) and others (Grant et al. 1961; Wallace, 1978)

is diminished by their susceptibility to other diseases, most

importantly citrus blight, an endemic disease of unknown

etiology which is removing more than 500,000 trees from

production annually (Lee et al. 1988a).

The objectives of this research were: i) To evaluate some

CTV mild isolates under greenhouse conditions for cross

protecting ability against the decline syndrome, and ii) To

develop methods for detection of the severe CTV challenge

isolate in mixed infections.



CHAPTER 2
EVALUATION OF THE PROTECTING EFFECTS OF SOME MILD FLORIDA

ISOLATES OF CITRUS TRISTEZA VIRUS AGAINST THE DEVELOPMENT OF
THE DECLINE SYNDROME

Introduction

Cross protection is a control strategy used to reduce

losses due to plant viral diseases by the use of mild or

attenuated strains of a virus which prevent the effect or

expression of a related, and usually more severe, strain of

the same virus (Fulton, 1986). Cross protection can be useful

when the virus disease is endemic, causes great losses, and

no host genetic resistance is available (Fulton, 1986;

Gonsalves and Garnsey, 1989: Hamilton, 1985; Muller et al.

1982). Cross protection has been used commercially to control

CTV stem pitting isolates on Pera sweet orange in Brazil

(Costa and Muller, 1980; Muller, 1980), and is a part of South

Africa's citrus cultivar improvement program to reduce CTV-

induced stem pitting on grapefruit (DeLange et al. 1980;

Garnsey and Lee, 1988). Relatively little work has been done

to evaluate the potential of cross protection against the CTV-

induced decline (CTV-ID) on sour orange, as most countries

abandon sour orange as a rootstock when CTV-ID isolates become

prevalent. However, experiments conducted in Australia

6
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(Thornton et al. 1980), United States (Wallace and Drake,

1976; Yokomi et al. 1990), and Japan (Miyakawa, 1987) indicate

that cross protection against CTV-ID isolates may be possible.

The classical approach for selecting potential cross

protecting mild CTV isolates has been empirical, that is, by

collecting a number of CTV isolates from outstanding trees in

groves severely affected by the disease (Balaraman and

Ramakrishnan, 1980; Muller and Costa, 1987). Those isolates

are propagated on several scion-rootstock combinations in

nursery plants and further evaluated over a period of several

years under field conditions (Muller, 1980; Muller and Costa,

1977) . This requires the handling and care of large numbers

of plants, extensive field space, and considerable time; the

results are evaluated over a period of 5-12 years. By this

approach, only six mild CTV isolates out of 45 mild isolates

originally selected in Brazil were useful for cross protection

(Costa and Muller, 1980).

Another approach for the selection of mild CTV isolates

for cross protection relies upon host effects for the strain

segregation of field collected severe CTV isolates (Roistacher

et al. 1988). The selection of potential cross protecting CTV

isolates was made from either symptomless or recovered

infected plants after extensive passage of the virus through

a series of different citrus and non-citrus hosts in the

greenhouse (Roistacher et al. 1987, 1988). This approach

provided nine mild or attenuated CTV isolates with outstanding
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protection against either seedling yellows or stem pitting CTV

isolates from a total of 116 evaluated when challenged with

the original isolates from which they were derived. This

approach required extensive greenhouse work to follow the

segregation of every single isolate, and some attenuated

isolates showed a tendency to revert back to their severe

forms.

Recently, the greenhouse evaluation of CTV-stem pitting

isolates as protecting agents against the CTV-ID on sweet/sour

orange combinations was reported (Miyakawa, 1987). However,

CTV-stem pitting isolates as protecting agents offer limited

possibilities of commercial use in Florida, particularly

because stem pitting isolates still are not present and

susceptible species or cultivars such as grapefruit are grown

extensively.

Citrus tristeza virus causing decline on trees on sour

orange rootstock is endemic in Florida. The effective use of

CTV-tolerant rootstocks is diminished by their susceptibility

to citrus blight. In addition, the increased popularity of

sour orange despite tristeza, along with the natural

prevalence of mild CTV isolates, provides the opportunity to

evaluate cross protection as an alternative control strategy

for CTV-ID. However, there are several considerations: i)

The threat of recurrent freezes makes it difficult to reliably

evaluate the cross protection potential of mild isolates under

field conditions, especially in the Ridge area; ii) There is
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a need for a method to more rapidly select and evaluate

potential cross protecting mild isolates which is adaptable

for screening large numbers of isolates; and iii) There is

a need to differentiate mild and severe CTV isolates in a

mixed infection in the same plant to aid in the evaluation and

to better understand the mechanism by which cross protection

functions.

The objectives of this research were to evaluate

naturally occurring Florida mild CTV isolates for cross

protecting ability and to develop a methodology to detect the

presence of protecting and challenge CTV isolates in mixed

infections. The effect of temperature on the cross protecting

ability of CTV mild isolates also was studied.

Materials and Methods

Virus isolates and donor hosts. Five naturally occurring

Florida CTV isolates collected from field grown sweet orange

or grapefruit trees grafted on sour orange were used in these

experiments after transmission by Aphis qossypii Glover. The

Tila, T26, T30 and T55a isolates produce very mild symptoms

and little or no stunting on Mexican lime seedlings {Citrus

aurantifolia (Christm.) Swingle}, no seedling yellows on

Eureka lemon {C. limón (L.) Burm.} or sour orange (C.

aurantium L.) and are symptomless in sweet orange {C. sinensis

(L.) Osb.} and sweet/sour orange combinations (Garnsey et al.

1987; Lee, 1984; Yokomi and Garnsey, 1987; Yokomi et al.

1987) . The T66a challenge isolate causes strong vein
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clearing, stunting and stem pitting in Mexican lime seedlings

and severe decline on sweet/sour orange combinations (Garnsey

et al. 1987; Yokomi et al. 1987). The CTV isolates were

propagated in either C. excelsa Wester, Madam Vinous sweet

orange or Mexican lime plants and maintained in a greenhouse

with mean minimum and maximum temperatures of 21 and 38°C,

respectively. Inoculum source tissue from donor hosts was

evaluated by serological indexing (see below) to confirm the

presence of CTV before being used as inoculum.

Inoculation of CTV isolates and receptor hosts. One-

year-old Valencia sweet orange plants budded on either sour

orange or C. macrophvlla Wester rootstocks, were graft

inoculated in the stem with each of the CTV mild isolates

using three leaf pieces or blind buds per plant (Garnsey and

Whidden, 1970; Garnsey et al. 1987). Inoculum tissue was

sealed firmly into the receptor stems with plastic grafting

tape. Three weeks later the grafting tape was removed and

the plants were evaluated for survival of grafted tissue and

reinoculated if the grafted tissue had not survived. After

verifying by serological indexing that infection by mild

isolates had taken place, a minimum of four inoculum pieces

of T66a infected tissue were used to challenge the test

plants, and they were reinoculated if at least two inoculum

pieces were not alive 21 days post-challenge. Surviving

inoculum tissue was left in place for the duration of the

experiment. Inoculated receptor plants were grown in a
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commercial potting mixture (Pro-mix BX) in five liter plastic

containers, and fertilized with a mixture of NPK (20-10-20)

every other week. Pest and disease management included the

application of 0.300 g active ingredient (a.i.)/plant of

aldicarb and 0.86 g a.i /L soil drench of ridomil twice a

year. The experiment was conducted in a greenhouse with mean

minimum and maximum temperatures of 21 and 38°C, respectively.
At least 15 plants were inoculated for each CTV isolate/scion/

rootstock combination.

A second set of one-year old Valencia sweet orange plants

budded on sour orange and C. macrophvlla rootstocks were

inoculated with each of the CTV mild isolates and challenged

with the T66a severe isolate as previously described. These

plants were placed in a greenhouse with controlled mean

minimum and maximum temperatures of 21 and 33°C, respectively,

to evaluate the effect of temperature on the cross protecting

ability of the CTV isolates. At least 10 plants were

inoculated per CTV isolate/scion/rootstock combination.

Fertilization and plant pest and disease management was as

above.

Serological tests. CTV infection and relative antigen

titer of inoculated plants were determined throughout the

study by the double antibody sandwich enzyme-linked

immunosorbent assay (DAS-ELISA) (Bar-Joseph et al. 1979b,

1980), using polyclonal antiserum No. 1053 prepared against

whole, unfixed CTV isolate T26 (R.F. Lee, unpublished). The
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severe CTV isolate T66a was detected in the challenged plants

by DAS-indirect ELISA using the MCA-13 strain specific

monoclonal antibody which reacts strongly against most severe

CTV isolates (Permar et al. 1990). For efficiency the

serological tests were performed on both experiments at the

same time.

Routinely, 0.5 g of bark, petioles and midribs of new,

fully expanded tissue were finely chopped with a razor blade

and ground, using a Tekmar Tissumizer, in 5 ml of phosphate

buffered saline (PBS)-Tween + polyvinyl pyrrolidone {PBS = 8

mM Na2HP04, 14 mM KH2P04, 15 mM NaCl, pH 7.4, (+ 0.1 % Tween

20 + 2% polyvinyl pyrrolidone (PVP-40 Sigma)}. Unless stated

otherwise, 200 microliters samples were used per well of the

microtiter plates and three washings with PBS-Tween (phosphate

buffered saline + 0.1 % Tween 20) were performed between

steps. The immunoglobulins (IgG) present in the whole CTV

antiserum were purified by the Protein A-Sepharose affinity

method (Miller & Stone, 1978). A portion of purified

immunoglobulins were conjugated to alkaline phosphatase by the

glutaraldehyde method (Clark et al. 1986). Polystyrene

Immulon II microtiter plates (Dynatech Laboratories) were

coated with 2.0 /¿g/ml of purified IgG in carbonate buffer

(0.015 M NaHC03, 0.03 M NaC03, pH 9.6) and incubated for 6 hr

at 37°C. Antigen samples were added to the wells and

incubated for 18 hr at 5°C. Enzyme conjugate was used at a

dilution of 1:1,000 in conjugate buffer (PBS-Tween + 2%
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polyvinyl pyrrolidone + 0.2% bovine serum albumin) and

incubated for 6 hr at 37°C. The reaction with one mg/ml of p-

nitrophenyl phosphate (Sigma) in 10% triethanolamine, pH 9.8,

was measured after 120 min at 405 nm (OD405) with a

Labinstruments model EAR 400 AT ELISA plate

spectrophotometer. Samples were considered positive when OD405

values were higher than 0.100 or three times the mean of

healthy controls, whichever was greater.

For DAS-Indirect ELISA, the microtiter plates were first

coated with IgG from antiserum No. 1053. Antigen samples were

added as described for DAS-ELISA. The MCA-13 strain specific

monoclonal antibody (hereafter MCA-13), as ascites fluid, was

added at a dilution of 1:5,000 (v/v) in conjugate buffer and

incubated 4 hr at 37°C. After washing, goat anti-mouse IgG

labeled with alkaline phosphatase (Promega) at a dilution of

1:7,500 (v/v) in conjugate buffer was added and incubated for

2 hr at 37°C. The enzyme reaction was carried out as for DAS-

ELISA.

For all serological tests, two replications were used

per sample. Positive controls included four mild isolates

(Tila, T26, T30, and T55a) and one severe (T66a) CTV isolate.

Negative controls included extraction buffer, and similar

buffer extracts from healthy C. excelsa and Valencia sweet

orange plants. A standard curve prepared with purified CTV

T26 isolate diluted to OD260 values of 0.04, 0.02, 0.01, 0.005,

0.0025, 0.0012, 0.0006, and 0.0003 diluted in buffer extract
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of healthy C. excelsa was used to estimate the relative

antigen concentration of test samples.

Detrimental effects of mild isolates and evaluation of

cross protection. To evaluate the effect of each CTV isolate

on the inoculated plants and the protecting ability of the

mild isolates against the T66a challenge isolate, evaluations

were made at five and ten months after the challenge

inoculation with the T66a isolate. Phloem necrosis was

evaluated by cutting a bark flap at the bud union and the

plant tissue was examined with a hand lens for browning. A

decline index was assigned for each plant. The parameters

scored were stem diameter, plant growth, and foliage symptoms

for decline. Each parameter was visually rated from 0

(minimum) to 3 (maximum), for a maximum cumulative score of

9 for each plant. A high decline index sometimes was

accompanied by plant death. The decline index for each

treatment was the average of the cumulative scores for all

plants in that treatment.

Results

Antigen titers of mild and severe CTV isolates with

polyclonal and MCA-13 monoclonal antibodies. The antigen

titers expressed as optical density (OD405) values for the
different temperature and host treatments, measured by DAS-

ELISA with polyclonal antibodies (PCA) and DAS-indirect ELISA

with MCA-13, are summarized in Tables 2.1, 2.2, 2.3, and 2.4.

At warm temperatures, Valencia/sour orange plants inoculated
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with mild isolates but unchallenged with T66a gave OD405 values

between 0.091 and 0.145 when analyzed with PCA. The

corresponding uninoculated healthy control plants averaged

0.039. The same treatments, including the healthy controls

gave values in the range of 0.011-0.025 when analyzed by DAS-

indirect ELISA with MCA-13. Treatments pre-inoculated with

mild isolates and further challenged with T66a gave OD405

values in the range of 0.130-0.217 with PCA and 0.145-0.189

with MCA-13. The control plants uninoculated with mild

isolates but challenged with T66a gave values of 0.174 with

PCA and 0.214 with MCA-13 (Table 2.1).

Also at warm temperatures, the Valencia/macrophylla

plants inoculated with the mild isolates and unchallenged with

T66a, gave OD405 values between 0.092 and 0.164 with PCA. The

value for the corresponding uninoculated healthy control

plants was 0.040. The same treatments, including the healthy

controls gave values in the range of 0.018-0.037 when analyzed

with MCA-13. Treatments pre-inoculated with mild isolates and

challenged with the T66a gave values in the range of 0.185-

0.311 with PCA and 0.104-0.305 with MCA-13. The control

plants uninoculated with mild isolates but challenged with

T66a gave values of 0.194 with PCA and 0.251 with MCA-13

(Table 2.2). The T30 isolate was not evaluated in this

portion of the experiment because not enough plants were

available. The plants pre-inoculated with the Tila isolate

were not protected and declined and died before the
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Table 2.1 Relative antigen titer of citrus tristeza virus
(CTV) mild isolates in plants unchallenged and challenged by
the T66a severe isolate: I. Warm temperature, Valencia/sour
orange.

Unchallenged17 Challenged1727

CTV OD,0¿_
isolate Polyclonal MCA- 13 Polyclonal MCA-:13

Tila 0.101-7afc£7 0.024 a 0.217 a 0.175 a

T26 0.123 ab 0.025 a 0.130 a 0.145 a

T3 0 0.091 ab 0.018 ab 0.212 a 0.189 a

T55a 0.145 a 0.014 b 0.194 a 0.181 a

Healthy 0.039 b 0.011 b 0.174 a 0.214 a

or control

plants uninoculated
with mild isolate

One-year-old plants were graft inoculated with leaf
pieces under bark flaps on the stem from donor plants
infected with the indicated mild CTV isolates.

27 After verifying virus infection with mild isolates by
DAS-ELISA with polyclonal antibodies, the challenged
plants were graft inoculated similarly with the T66a
severe isolate.

-7 Optical density at 405 nm (OD405) was measured after 120 min
of reaction.

-7 Serological detection was carried out by DAS-ELISA with
polyclonal antisera and DAS-indirect ELISA with MCA-13
severe strain specific monoclonal antibody six months
after inoculation. Value is the average of duplicate
assays of the corresponding plants in Table 2.5.

-7 Numbers in the same column followed by different letters
are statistically different by Duncan's test (P < 0.05).
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Table 2.2 Relative antigen titer of citrus tristeza virus
(CTV) mild isolates in plants unchallenged and challenged by
the T66a severe isolate: II. Warm temperature,
Valencia/macrophylla.

Unchallenged17 Challenged1/2/

CTV OD*7 OD',05
isolate Polyclonal MCA-13 Polyclonal MCA-13

Tila 0.092-7a-7 0.026 a _6/ -

T26 0.132 a 0.030 a 0.185 a 0.104 a

T30 NE-7 NE NE NE

T55a 0.164 a 0.037 a 0.311 a 0.305 a

Healthy 0.040 a 0.018 a 0.194 a 0.251 a

or control

plants uninoculated
with mild isolate

17 One-year-old plants were graft inoculated with leaf
pieces under bark flaps on the stem from donor plants
infected with the indicated mild CTV isolates.

-7 After verifying virus infection with mild isolates by
DAS-ELISA with polyclonal antibodies, the challenged
plants were graft inoculated similarly with the T66a
severe isolate.

-7 Optical density at 405 nm (OD405) was measured after 120 min
of reaction.

Serological detection was carried out by DAS-ELISA with
polyclonal antisera and DAS-indirect ELISA with MCA-13
severe strain specific monoclonal antibody six months
after inoculation. Value is the average of duplicate
assays of the corresponding plants in Table 2.6.

-7 Numbers in the same column followed by different letters
are statistically different by Duncan's test (P < 0.05).

-1 - = severely diseased plants died before serological
evaluation.

NE = treatment not evaluated.
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serological evaluation was made five months after inoculation

(Table 2.2).

The OD405 values were generally higher for the test plants

grown at cooler temperatures. The Valencia/sour orange plants

inoculated with mild isolates and unchallenged with T66a gave

OD405 values between 0.138 and 0.405 when analyzed with PCA.
The corresponding healthy plants averaged 0.039. The same

treatments, including healthy controls, gave values in the

range of 0.016-0.078 with MCA-13. Treatments pre-inoculated

with mild isolates and challenged with T66a gave OD405 values

in the range of 0.174-0.548 with PCA and 0.047-0.477 the MCA-

13. The control plants uninoculated with mild isolates but

challenged with T66a gave OD405 values of 0.292 with PCA and

0.283 with MCA-13 (Table 2.3).

Also at cooler temperatures the Valencia/macrophylla

plants inoculated with mild isolates and unchallenged with

T66a, gave OD405 values between 0.3 35 and 0.361 with PCA. The
value for the corresponding uninoculated healthy control

plants was 0.036. The same treatments, including healthy

controls, gave values in the range of 0.013-0.075 when

analyzed with MCA-13. Treatments pre-inoculated with mild

isolates and challenged with T66a gave values in the range of

0.406-0.456 with PCA and 0.166-0.320 with MCA-13. The control

plants uninoculated with mild isolates but challenged with

T66a gave values of 0.432 with PCA and 0.421 with MCA-13

(Table 2.4). The Tila and T30 isolates were not evaluated for
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Table 2.3 Relative antigen titer of citrus tristeza virus
(CTV) mild isolates in plants unchallenged and challenged by
the T66a severe isolate: III. Cool temperature, Valencia/sour
orange.

Unchallenaed1/ Challenaed1/2/

CTV ODac3/ OD

isolate Polyclonal” MCA-13 Polyclonal MCA-13

Tila 0.404^ 2 0.060 a 0.548 a 0.477 a

T26 0.405 a 0.078 a 0.195 b 0.055 c

T30 0.138 a 0.054 a 0.174 b 0.047 c

T55a 0.308 a 0.055 a 0.276 b 0.057 c

Healthy 0.039 b 0.016 a 0.292 b 0.283 b
or control

plants uninoculated
with mild isolate

One-year-old plants were graft inoculated with leaf
pieces under bark flaps on the stem from donor plants
infected with the indicated mild CTV isolates.

After verifying virus infection with mild isolates by
DAS-ELISA with polyclonal antibodies, the challenged
plants were graft inoculated similarly with the T66a
severe isolate.

3/ Optical density at 405 nm (OD405) was measured after 120 min
of reaction.

Serological detection was carried out by DAS-ELISA with
polyclonal antisera and DAS-indirect ELISA with MCA-13
severe strain specific monoclonal antibody six months
after inoculation. Value is the average of duplicate
assays of the corresponding plants in Table 2.7.

Numbers in the same column followed by different letters
are statistically different by Duncan's test (P < 0.05).
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Table 2.4 Relative antigen titer of citrus tristeza virus
(CTV) mild isolates in plants unchallenged and challenged by
the T66a severe isolate: IV. Cool temperature,
Valencia/macrophylla.

Unchallenged17 Challenged1727

CTV OD,0S^
isolate Polyclonal MCA-13 Polyclonal MCA- 13

Tila NE^7 NE NE NE

T26 0.36 l-7a-7 0.049 a 0.406 a 0.166 a

T30 NE NE NE NE

T55a 0.335 a 0.075 a 0.456 a 0.320 a

Healthy 0.036 b 0.013 b 0.432 a 0.421 a

or control

plants uninoculated
with mild isolate

-7 One-year-old plants were graft inoculated with leaf
pieces under bark flaps on the stem from donor plants
infected with the indicated mild CTV isolates.

27 After verifying virus infection with mild isolates by
DAS-ELISA with polyclonal antibodies, the challenged
plants were graft inoculated similarly with the T66a
severe isolate.

-7 Optical density at 405 nm (OD405) was measured after 120 min
of reaction.

-7 NE = treatment not evaluated.

-7 Serological detection was carried out by DAS-ELISA with
polyclonal antisera and DAS-indirect ELISA with MCA-13
severe strain specific monoclonal antibody six months
after inoculation. Value is the average of duplicate
assays of the corresponding plants in Table 2.8.

Numbers in the same column followed by different letters
are statistically different by Duncan's test (P < 0.05).
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the Valencia/macrophylla combination (Table 2.4) because not

enough plants were available.

From the standard curve prepared with purified T26 (Fig.

2.1), it was estimated that an OD405 value of 0.638 was

approximately equivalent to 20 ¿¿g/ml of CTV antigen, assuming

an extinction coefficient of 2.0 (Gonsalves et al. 1978).

Therefore, there was an average of 3.1 ng of CTV antigen per

every 100 mg of tissue for each 0.100 OD405 value in the test

samples.

Detrimental effects of mild isolates and evaluation of

cross protection. The protecting effect of mild isolates was

evaluated on the basis of their ability to prevent the

detrimental effects on stem diameter, plant growth and foliage

symptoms caused under greenhouse conditions by the T66a severe

decline isolate. The detrimental effects of mild isolates

alone also were evaluated. The number of plants and the

scores for the decline index established in every treatment

are shown in Tables 2.5, 2.6, 2.7, and 2.8. At warm

temperatures, Valencia/sour orange plants inoculated with mild

isolates and unchallenged with T66a, and the healthy

uninoculated controls, gave overall decline index values in

the range of 0.0 and 1.5. Whereas, the plants pre-inoculated

with mild isolates and challenged with T66a showed higher

decline index values of 6.3, 2.6, 4.2, and 5.5 for the Tila,

T26, T30, and T55a mild isolates, respectively. The control

plants uninoculated with mild isolates but challenged with
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Figure 2.1 Plot of purified citrus tristeza virus (CTV)
against optical density. Bark of healthy Citrus excelsa (0.5
g) tissue was ground in 5.0 ml of phosphate buffered saline,
pH 7.6, + 0.05% Tween + 2% polyvinyl pyrrolidone and mixed
with purified CTV T26 isolate to give the desired optical
density at 260 nm (OD260) . DAS-ELISA was performed as described
in materials and methods. An extinction coefficient of 2.0
was assumed (Gonsalves et al. 1978) to estimate the relative
virus concentration.
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Table2.5Effectofcitrustristezavirus(CTV)mildisolatesonthedevelopmentof theCTVdeclinesyndromeinplantsunchallengedandchallengedbytheT66asevere isolate:I.Warmtemperature,Valencia/sourorange. Unchallenged
1/

Challenged
1/2/

CTV

No.of

Decline index—'

No.of

Decline

No.ofdead

isolate

plants

plants

index

plants10months afterchallenge

Tila

4

0.0

8

6.3

3/8

T26

4

1.5

5

2.6

0/5

T30

5

1.0

4

4.2

1/4

T55a

5

0.0

7

5.5

2/7

Healthy orcontrol

5

1.4

6

4.0

1/6

plantsuninoculated withmildisolate —/Oneyear
oldplantsweregraftinoculated
withleaf
piecesunderbarkflapsonthe

stemfromdonor
plantsinfected
withtheindicated
mildCTVisolates.

—/Afterverifying
virusinfection
withmild

isolates
byDAS-ELISAwithpolyclonal

to

u

antibodies,thechallengedplantsweregraftinoculatedsimilarlywithaT66asevere isolate. Declineindexistheaveragepertreatmentofthecumulativescoregivenbyvisual readingsonthreecriteria:stemdiameter,growthreduction,andfoliagedecline symptoms,where0=healthyvigorousplantto3=severelydiseased.Minimumindex =0,maximumindex=9.Ahighdeclineindexsometimeswasaccompaniedbyplant death.
2/
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T66a averaged a decline index of 4.0 (Table 2.5). The lowest

number of dead plants in the experiment (0/5) was obtained

when T26 was the protecting isolate (Table 2.5). At warm

temperatures, Valencia/macrophylla plants inoculated with mild

isolates, including the healthy uninoculated controls gave

decline indexes in the range of 1.7-2.2. In comparison, the

plants pre-inoculated with mild isolates and challenged with

T66a, showed higher decline index values in the range of 2.2-

9. The decline index scores for the control plants

uninoculated with mild isolates but challenged with T66a

averaged 6.8 (Table 2.6). The lowest number of dead plants

occurred when the T26 (0/5) and T55a (0/2) were the protecting

isolates (Table 2.6).

At cool temperatures, the decline index values for

Valencia/sour orange plants inoculated with mild isolates were

in the range of 1.0-3.2. The index of 3.0 for the healthy

uninoculated controls indicated the generally reduced growth

rate of plants at cool temperatures. The decline index values

for plants pre-inoculated with mild isolates and challenged

with T66a ranged from 5.0 to 7.5. The corresponding control

plants uninoculated with mild isolates but challenged with

T66a averaged a decline index of 7.5 (Table 2.7). The lowest

number of dead plants occurred when T26 (0/2) and T55a (1/4)

were the protecting isolates (Table 2.7).

Also at cool temperatures, the Valencia/macrophylla

plants inoculated with T26 and T55a isolates and the



Table2.6Effectofcitrustristezavirus(CTV)mildisolatesonthedevelopmentof theCTVdeclinesyndromeinplantsunchallengedandchallengedbytheT66asevere isolate:II.Warmtemperature,Valencia/macrophylla. Unchallencred1/

Challencred
1/2/

CTV

No.of

Decline index—/

No.of

Decline

No.of
dead

isolate

plants

plants

index

plants after

10m< challe

Tila

1

2.0

3

9

3/3

T26

4

1.7

5

4.2

0/5

T30

NE-/

NE

NE

NE

NE

T55a

2

2.0

2

2.2

0/2

Healthy.5 orcontrol plantsuninoculated withmildisolate
2.2

6

6.8

3/6

to <ji

—/Oneyearoldplantsweregraftinoculatedwithleafpiecesunderbarkflapsonthe stemfromdonorplantsinfectedwiththeindicatedmildCTVisolates.
—/AfterverifyingvirusinfectionwithmildisolatesbyDAS-ELISAwithpolyclonal antibodies,thechallengedplantsweregraftinoculatedsimilarlywithaT66a severeisolate.

3/......Declineindexistheaveragepertreatmentofthecumulativescoregivenbyvisual readingsonthreecriteria:stemdiameter,growthreduction,andfoliagedecline symptoms,where0=healthyvigorousplantto3=severelydiseased.Minimumindex =0,maximumindex=9.Ahighdeclineindexsometimeswasaccompaniedbyplant death.
4/

NE=treatmentnotevaluated.



Table2.7Effectofcitrustristezavirus(CTV)mildisolatesonthedevelopmentoftheCTVdeclinesyndromeinplantsunchallengedandchallengedbytheT66asevereisolate:III.Cooltemperature,Valencia/sourorange. Unchallenged1/

Challenqed1/2/

CTV

No.of

Decline index—'

No.of

Decline

No.ofdead

isolate

plants

plants

index

plants10months afterchallenge

Tila

5

3.2

4

7.5

3/4

T26

1

1.0

2

5.5

0/2

T30

2

3.0

3

6.6

2/3

T55a

4

2.7

4

5.0

1/4

Healthy1 orcontrol plantsuninoculated withmildisolate
3.0

2

7.5

1/2

—/Oneyear
oldplantsweregraft

inoculated
withleaf
piecesunderbarkflaps

stemfrom
idonor
plantsinfected
withthe

indicated
mildCTVisolates.

2/,AfterverifyingvirusinfectionwithmildisolatesbyDAS-ELISAwithpolyclonal antibodies,thechallengedplantsweregraftinoculatedsimilarlywithaT66a severeisolate.

to

o>

Declineindexistheaveragepertreatmentofthecumulativescoregivenbyvisual readingsonthreecriteria:stemdiameter,growthreduction,andfoliagedecline symptoms,where0=healthyvigorousplantto3=severelydiseased.Minimumindex =0,maximumindex=9.Ahighdeclineindexsometimeswasaccompaniedbyplant death.
2/
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uninoculated healthy controls showed decline index scores of

5.0, 4.3, and 3.0, respectively. The plants pre-inoculated

with the T26 and T55a isolates and challenged with T66a showed

scores of 4.2 and 3.5, respectively. The uninoculated

controls challenged with T66a showed a decline index of 5.4

(Table 2.8). No dead plants were scored in this experiment

10 months after the challenge inoculations (Table 2.8).

Phloem necrosis at the bud union was not observed in any

treatment at either temperature at five or ten months after

the challenge inoculation (not shown).

Discussion

In this study four different naturally occurring Florida

mild CTV isolates were evaluated for their cross-protecting

ability against the development of the CTV-induced decline in

two susceptible scion/rootstock combinations. DAS-ELISA with

polyclonal antisera was used to determine the total antigen

titer in plants inoculated with mild isolates and those also

challenged with the severe T66a isolate. The MCA-13

monoclonal antibody was evaluated in DAS-indirect ELISA for

quantitation of the T66a severe challenge isolate in mixed

infections.

There were some limitations in the transmissibility of

CTV by leaf piece grafts from the different hosts used to

propagate the CTV isolates. At the beginning of the work most

of the CTV isolates had been propagated in Citrus excelsa

plants, which has been reported as an excellent propagation



Table2. theCTV isolate:
8Effectofcitrustristezavirus(CTV)mild declinesyndromeinplantsunchallengedand IV.Cooltemperature,Valencia/macrophylla.
isolatesonthedevelopmentof challengedbytheT66asevere

Unchallenged1/

Challenged1/2/

CTV

No.of

Decline index—/

No.of

Decline

No.ofdead

isolate

plants

plants

index

plants10months afterchallenge

Tila

NE-/

NE

NE

NE

NE

T26

4

5.0

5

4.2

0/5

T30

NE

NE

NE

NE

NE

T55a

3

4.3

4

3.5

0/4

Healthy3 orcontrol

3.0

5

5.4

0/5

plantsuninoculated withmildisolate

CO

—/Oneyearoldplantsweregraftinoculatedwithleafpiecesunderbarkflapsonthe stemfromdonorplantsinfectedwiththeindicatedmildCTVisolates.
-/AfterverifyingvirusinfectionwithmildisolatesbyDAS-ELISAwithpolyclonal antibodies,thechallengedplantsweregraftinoculatedsimilarlywithaT66a severeisolate.

3/ —'Declineindexistheaveragepertreatmentofthecumulativescoregivenbyvisual readingsonthreecriteria:stemdiameter,growthreduction,andfoliagedecline symptom,where0=healthyvigorousplantto3=severelydiseased.Minimumindex =0,maximumindex=9.Ahighdeclineindexsometimeswasaccompaniedbyplant death.
4/

NE=treatmentnotevaluated.
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host for purification purposes of CTV (Lee, et al. 1987b,

1988b) . However, it had never been used for leaf graft

transmission experiments. At least three inoculations with

C. excelsa tissue infected with mild isolates were made

unsuccessfully, even though the inoculated tissue survived for

at least four weeks post-inoculation and was left in place

for several months. It was necessary to switch to Madam

Vinous sweet orange and/or Mexican lime plants infected with

the mild isolates as inoculum sources before a minimum of 3

or 4 plants per treatment were positively infected with mild

isolates as determined by DAS-ELISA. Furthermore, some

treatments, mostly Valencia/macrophylla, were not evaluated

because of the lack of replications because not enough plants

were available. This originated the need to design another

separate experiment, described in Chapter 3, to determine the

effectiveness of different citrus species as donor hosts for

graft transmission of the virus.

At warm temperatures, plants inoculated with mild

isolates but unchallenged with T66a had relatively low OD405
values in the range of 0.095-0.145 (Tables 2.1 and 2.2). At

cool temperatures, with few exceptions, were commonly higher

in the range of 0.300-0.400 (Tables 2.3 and 2.4). At warm

temperatures there were some treatments that gave OD405 values
lower than 0.100, which may be interpreted as negative

reactions. However, those values were the averages of the

OD405 readings of every treatment. Thus a single plant with a
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very low OD405 value could cause the whole treatment average to
be lower than 0.100. It has been suggested that a high titer

in a plant infected with a mild CTV isolate may be a relative

estimate of the protecting ability of mild isolates in cross¬

protection experiments (Koizumi and Kuhara 1984; Lee et al.

1987a).

Some differences were found in the reaction of the MCA-

13 monoclonal antibody in the different treatments and

temperatures evaluated. At warm temperatures plants pre¬

inoculated with mild isolates but unchallenged, gave low OD405

values in the range of the uninoculated control plants (Table

2.1 and 2.2). Likewise, at cool temperatures, the OD405 values
obtained with the MCA-13 with mild isolates were slightly

higher than those obtained at warm temperatures (Tables 2.3

and 2.4). This could be interpreted that the MCA-13

monoclonal antibody may react to some extent with mild

isolates when they are above a certain titer in the plants.

However, the OD405 values were always lower than 0.100, which
was considered a negative reaction.

When plants pre-inoculated with mild isolates and further

challenged with the T66a severe isolate were analyzed with the

MCA-13 in DAS-indirect ELISA (Tables 2.1 and 2.2), the OD405
values were generally lower than the unprotected challenged

control plants, even though the differences usually were not

statistically significant (with the exception T55a in Table

2.2) . At cool temperatures, a similar phenomenon was observed
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(Tables 2.3 and 2.4). In this situation, the T26 and T30

isolates generally gave the lowest OD405 values of all

treatments evaluated. This suggests that the mild isolates,

especially T26 and T30, but also T55a to some degree,

prevented or reduced the multiplication of the T66a challenge

isolate. Thus these mild isolates were apparently working as

cross-protecting agents.

These results provide further evidence of the usefulness

of the MCA-13 monoclonal antibody to detect the presence of

severe CTV isolates in mixed infections. The MCA-13 has been

previously used in other studies to evaluate the presence of

severe isolates in field cross-protection experiments (Rocha-

Peña et al. 1990; Yokomi et al. 1990). Determination of the

OD405 readings when the MCA-13 monoclonal antibody is used to

detect the presence of the severe isolate in cross-protection

experiments provides a measurable parameter to estimate the

ability of mild isolates to prevent the establishment of

severe challenge isolates in such experiments.

Some differences were found in the effects of CTV mild

isolates on the inoculated plants and in their ability to

prevent detrimental effects caused by the T66a challenge

isolate at different temperatures. At warm temperatures, the

effect of the CTV mild isolates on performance of both

Valencia/sour orange and Valencia/macrophylla were negligible.

The decline indexes for the healthy uninoculated control

plants were nearly egual to or greater than those inoculated
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only with mild isolates (Table 2.5 and 2.6). In regard to

Valencia/sour orange plants pre-inoculated with mild isolates

and challenged with the T66a severe isolate, the lowest

decline index (2.6) and lowest number of dead plants (0/5)

was obtained with the T26 isolate. Whereas, the highest

decline index (6.3) and highest number of dead plants (3/8)

was obtained with the Tila isolate. A decline index of 4.0

and 1/6 dead plants were scored with the uninoculated and

challenged control plants (Table 2.5). Also at warm

temperatures, Valencia/macrophylla plants pre-inoculated with

mild isolates and challenged with the T66a severe isolate, the

T26 and T55a isolates obtained the lowest decline index (4.2

and 2.2) and lowest number of dead plants (0/5 and 0/2),

respectively.

At cooler temperatures, there were some differences in

the effect of the CTV mild isolates on growth of both

Valencia/sour orange and Valencia/macrophylla. The decline

indexes for the healthy uninoculated control plants were

variable and ranged from values below to above those obtained

with plants inoculated only with mild isolates (Table 2.7 and

2.8). In general, there was a remarkable growth reduction

effect at cool temperatures even on healthy uninoculated

control plants. In this regard Valencia/sour orange plants

pre-inoculated with mild isolates and challenged with the T66a

severe isolate, the T26 and T55a isolates obtained the lowest

decline index (5.5 and 5.0) and lowest number of dead plants
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(0/2 and 1/4), respectively. Whereas, the highest decline

index (7.5) and highest number of dead plants (3/4) were

obtained with the Tila isolate. A decline index of 7.5 and

1/2 dead plants were scored with the uninoculated and

challenged control plants (Table 2.7). At cool temperatures,

Valencia/macrophylla plants pre-inoculated with mild isolates

and challenged with the T66a severe isolate, had decline index

scores similar to the plants inoculated only with mild

isolates. No dead plants were obtained in this portion of the

experiment (Table 2.8).

Of all treatments evaluated at both temperatures, the

T26 isolate, and also T55a to some degree, obtained the lowest

decline index scores and lowest number of dead plants as

compared with the uninoculated challenged control plants.

This provided further evidence of their cross-protecting

effect, especially the T26 isolate against the development of

the CTV-ID syndrome.

Of special interest was the high decline index scores

and number of dead plants in plants pre-inoculated with the

Tila mild isolate and further challenged with the T66a

isolate. It seemed that the combination of Tila and the T66a

isolates produced a more severe reaction on the challenged

plants than that caused by the T66a isolate alone in the

unprotected control plants. The lack of cross-protecting

ability of the Tila isolate has been previously reported

(Yokomi et al. 1987).
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The relatively low decline index scores and low

occurrence of dead plants at both temperatures in the

unprotected control plants challenged with the T66a isolate,

indicates that under greenhouse conditions, the use of one

single challenge isolate might not be sufficient to obtain an

appropriate rate of decline in a short time basis. It is well

documented that CTV occurs naturally as mixtures of isolates

or strains with diverse biological properties (Garnsey et al.

1987, McClean, 1974). The T66a severe isolate was originally

isolated from an infected field source, and subsequently aphid

transmitted to avoid contamination with other viruses (Garnsey

et al. 1987; Yokomi and Garnsey, 1987) . It is a possibility

that part of the original decline components from the field

source could have been lost in the subsequent aphid

transmissions. To overcome this possibility, it may be

advisable in the future to use a mixture of several severe

isolates as a challenge to enhance the possibility of

obtaining an appropriate occurrence of decline under

greenhouse conditions. Another alternative could be the use

of higher populations of aphids (50 or 100) to obtain a more

complete complex of CTV severe isolates from field samples.

Cross-protection using mild virus isolates as a strategy

to reduce losses due to CTV has been used in Brazil (Costa and

Muller, 1980; Muller, 1980), South Africa (DeLange et al.

1980; Garnsey and Lee, 1988), Japan (Ieki, 1989; Koizumi,

1986), India (Balaraman and Ramakrishnan, 1980) and Australia
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(Cox et al. 1976; Fraser et al. 1968), against stem-pitting

isolates either in orange, grapefruit, and/or acid lime.

Several approaches have been reported for the evaluation of

mild isolates under greenhouse conditions. However, these

approaches have been addressed mostly to the evaluation of the

cross-protecting effect of mild isolates against stem pitting

and have included only the host reaction of Mexican lime,

sweet orange, or grapefruit seedlings (Roistacher et al. 1987,

1988; Van Vuuren and Noll, 1987). Another approach where the

challenge inoculations are made by using insect vectors to

screen mild isolates (Yokomi et al. 1987) has not been

extensively used.

The results of this work provide further evidence that

a) the cross-protection against the CTV-induced decline on

sweet/sour orange combinations may be possible; b) the

preliminary evaluation of mild isolates under greenhouse

conditions can be made in a relatively short time basis, and

c) the severe challenge isolate can be detected by using the

MCA-13 strain specific monoclonal antibodies. The recent

report of Miyakawa (1987) about the feasibility of cross¬

protection on sweet/sour orange combinations, supports these

conclusions.

Considering the relatively high virus titer found at cool

temperatures, it is advisable to propagate the donor plants

at temperatures in the range of 21-33°C to better guarantee a

high percentage of CTV transmission to the receptor plants.
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Likewise, a mixture of several severe isolates should be used

as the challenge virus source to give a better evaluation of

decline symptoms under greenhouse conditions.

The methodology described herein offers the following

advantages: i) Depending upon space availability, large

numbers of mild isolates can be evaluated uniformly in a time

period of 18 to 24 months: from six to twelve months to get

the one-year-old plants infected with the mild isolates and

verification of infection by serology, two months for

challenge and ten months for final evaluation; ii) The

availability of the MCA-13 monoclonal antibody provides a

useful tool to detect the presence of a severe isolate in the

challenged plants, and at the same time allows an estimate of

the relative ability of mild isolates to prevent the

establishment of the severe isolate in the challenged plants;

iii) Mild isolates can be evaluated in grenhouses without the

risks that represent the threat of recurrent freezes

especially in Florida in recent years, the lack of an

appropriate natural challenge pressure (vector or severe

isolate), and the effect of some other devastating diseases

(i.e. greening or blight) that can hamper the reliable

evaluation of cross-protection experiments under field

conditions. Some limitations in the methodology can be also

visualized. The use of leaf piece grafts is not always highly

efficient to transmit CTV from the donor propagation hosts to

the receptor test plants (see Chapter 3) . This leaves the

Á
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possibility that a lack of transmissibility by leaf piece

grafts of the CTV challenge isolate, can be interpreted

erroneously as protecting effect by mild isolates. On the

other hand, the inoculum tissue with the severe isolate is

left in place to enhance the probability of graft-transmission

in the challenged plants. This would supply a permanent

source of the severe isolate against the mild isolates which

may provide a stronger challenge pressure than happens under

natural conditions. If this occurs, mild isolates with

potential protecting ability under natural challenge

conditions could be underestimated or overlooked.



CHAPTER 3
EFFECTIVENESS OF CITRUS SPECIES AS DONOR HOSTS FOR

GRAFT TRANSMISSION OF CITRUS TRISTEZA VIRUS

Introduction

Citrus tristeza virus (CTV) has long been known to be

transmitted by budding and by different grafting procedures

(Bennett and Costa, 1949; Bar-Joseph et al. 1979a; Bar-Joseph

and Lee, 1990). In 1951, Wallace experimentally transmitted

CTV by placing small portions of donor leaf or bark tissue

under a flap of bark on receptor plants. By this method, CTV

was transmitted from many field sources of sweet orange to

Mexican lime receptor plants, and from Mexican lime to healthy

sweet orange plants (Wallace, 1951). Schwartz (1968)

transmitted CTV by connecting the distal portion of the leaf

of infected plants to a matching proximal part on a leaf of

a receptor plant. By this method, CTV was transmitted to 9

of 20 Mexican lime plants, but transmission was obtained only

when callus formation occurred between grafted tissues; also,

older and dark green leaves were a better source than younger

leaves for both callus formation and virus transmission.

Cohen (1972) described a method for CTV transmission in

citrus by grafting triangular leaf pieces into triangular

holes cut in the leaves of receptor plants. He transmitted

38
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CTV from Meyer lemon to 25 of 27 Mexican lime and sour orange

seedlings when leaf pieces contained midribs. However, the

efficiency of transmission decreased more than 50% when grafts

did not include the leaf midrib. A modification of Cohen's

procedure, called "leaf-disc grafting" (Blue et al. 1976)

involved the use of circular leaf pieces 6 mm in diameter cut

from the midrib area of a donor plant leaf and placed into a

corresponding hole in the receptor plant leaf. The midrib of

the donor tissue is aligned with that of the receptor leaf,

and grafts are held in place with transparent tape. This

method was as successful as bud inoculation for transmitting

many CTV isolates to Mexican lime plants from different citrus

species, and was more efficient for transmitting mild CTV

isolates. The leaf-disc method was used for routine indexing

in the citrus budwood certification program in California

(Calavan et al. 1978).

Another method involving the use of leaf piece grafts

was reported by Garnsey and Whidden (1970). Rectangular leaf

pieces from infected plants were inserted under corresponding
s

.

rectangular bark flaps cut in the stem of receptor hosts.

This procedure has been used widely for many years with CTV

and other citrus viruses, and it has been used in the

characterization of the biological properties of diverse

worldwide collection of CTV isolates (Garnsey et al. 1987).

Leaf piece grafts are especially advantageous when large
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numbers of plants are to be inoculated with limited sources

of inoculum (Garnsey and Whidden, 1970).

During several experiments with CTV in Florida (Chapter

2; Rocha-Peña et al. 1990) large numbers of plants were

inoculated by leaf piece grafts with several CTV isolates that

were propagated in different citrus hosts. There were notable

differences in the efficiency of transmission of some CTV

isolates from different donor hosts, and in some cases no

transmission was achieved even after repeated inoculations.

The objectives of this research were to evaluate the effect

of different citrus hosts on the efficiency of graft

transmission of CTV, and to determine the relative

distribution of the virus in different host tissues.

Materials and Methods

Virus isolates and donor hosts. Three isolates of CTV,

T26, T30, and T66a, were used throughout the study. They have

been described previously (Garnsey et al. 1987; Lee, 1984;

Yokomi and Garnsey, 1987). Virus isolates were propagated in

Citrus excelsa Wester, Mexican lime {C. aurantifolia

(Christm.) Swingle} and Madam Vinous sweet orange {C. sinensis

(L.) Osb.} plants, herein referred to as donor hosts,

maintained in a greenhouse with mean minimum and maximum

temperatures of 21° and 33°C, respectively. Inoculum tissue

from donor hosts was evaluated by serological indexing by the

double antibody sandwich enzyme-linked immunosorbent assay

(DAS-ELISA) (see below) to verify the presence of CTV before
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being used as inoculum. All donor host plants were known to

be CTV infected for at least one year before the study was

started.

Grafting procedures and receptor hosts. Rectangular leaf

and bark pieces of about 3 X 15 mm were cut from donor hosts

with a sharp knife and inserted under corresponding bark flaps

cut on the stem of one-year-old Madam Vinous sweet orange,

Mexican lime, and grapefruit (C. paradisi Macf.) plants,

herein referred to as receptor hosts. A portion of the

grafted tissue (2-3 mm) was left exposed at the top of bark

flaps to monitor tissue survival at 21 days post-inoculation.

A minimum of five plants of each receptor host were each

inoculated with 4 pieces of either leaf or bark tissue for

every donor host/virus isolate combination tested.

Serological indexing by the double antibody sandwich enzyme-

linked immunosorbent assay (DAS-ELISA) (see below) was carried

out on receptor hosts at three and five months post¬

inoculation.

Inoculated receptor plants were grown in a commercial

potting mixture (Pro-mix BX) in three liter plastic

containers, and fertilized with a mixture of NPK (20-10-20)

every other week, and given disease and pest management as

described in Chapter 2.

Virus distribution and antigen concentration in host

tissues. Individual Madam Vinous sweet orange and C. excelsa

plants infected with CTV isolates T26 or T66a were used to
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study the relative distribution and antigen concentration of

the virus in different tissues of the host plant. Bark,

petioles, midribs, and leaf blades of four individual branches

of each test plant, were assayed individually by DAS-ELISA.

At least four replications were assayed for every host/virus

isolate combination tested.

Purification of CTV. Citrus tristeza virus was purified

from tender new tissue of C. excelsa greenhouse grown plants

infected with the T26 isolate, by the Driselase method

(Garnsey et al. 1981b; Lee et al. 1988b). The final virus

preparations were adjusted with 0.05 M Tris buffer to optical

density values (OD260) of 0.4 and stored in one ml aliquots at
—18°C.

Serological tests. The double antibody sandwich enzyme-

linked immunosorbent assay (DAS-ELISA) (Bar-Joseph et al.

1979b, 1980) was conducted with polyclonal antiserum no. 1053

prepared against whole, unfixed CTV isolate T26 (R.F. Lee,

unpublished). Polystyrene Immulon II microtiter plates

(Dynatech Laboratories) were used. Unless otherwise stated,

200 microliters were used per well of the microtiter plates

and, three washings with phosphate buffered saline (PBS)-Tween

{PBS = 8 mM Na2HP04, 14 mM KH2P04, 15 mM NaCl, pH 7.4, (+0.1

% Tween 20)> were performed between steps. Host tissue (bark,

petioles, midribs, etc.) was chopped finely with a razor blade

and ground in a Tekmar Tissumizer in extraction buffer (PBS-

Tween + 2% polyvinyl pyrrolidone (PVP-40 Sigma) at a 1:20
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(w/v) dilution. Microtiter plates were coated with 2.0 jug/ml

of purified CTV specific IgG in carbonate buffer (0.015 M

NaHC03, 0.03 M NaC03, pH 9.6) and incubated for 6 hr at 37°C.
Antigen samples were added to the wells and incubated for 18

hr at 5°C. CTV specific IgG conjugated to alkaline

phosphatase was used at a dilution of 1:1,000 in conjugate

buffer (PBS-Tween + 2% PVP + 0.2% bovine serum albumin) and

incubated for 4 hr at 37°C (Bar-Joseph et al. 1979b, 1980).

The reaction with one mg/ml of p-nitrophenyl phosphate (Sigma)

in 10% triethanolamine, pH 9.8, was measured at 120 min at 405

nm (OD405) with a Bio-Tek EL-307 ELISA plate spectrophotometer.

Samples were considered positive when OD405 values were higher
than 0.100 or three times the mean of healthy controls,

whichever was greater. There were two replications per sample

in each microtiter plate. To estimate the relative CTV

concentration in test samples, a standard curve prepared by

diluting purified CTV T26 to OD260 values of 0.04, 0.02, 0.01,

0.005, 0.0025, 0.00125, and 0.0006 in a PBS-Tween + PVP

buffered extract of bark of healthy Citrus excelsa it was

included as a positive control in every test. Negative

controls included PBS-Tween + 2% PVP, conjugate buffer, and

extract from healthy C. excelsa. Madam Vinous sweet orange,

Mexican lime and grapefruit plants.

Results

Graft transmission of citrus tristeza virus isolates.

At 21 days post-inoculation the survival rate of grafted
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tissue in the whole experiment was 83 and 66 percent for leaf

and bark pieces, respectively. Overall at least one of the

four grafts survived in 92 and 90 percent of the receptor

plants inoculated with leaf or bark pieces, respectively. In

calculating the percent of virus transmission for each

donor/receptor host/virus isolate combination, only those

plants with at least one (of four) surviving inoculum piece

were taken into account. Thus, overall there was a greater

efficiency of transmission with leaf pieces (89.2%) than with

bark pieces (75.6%) for the whole experiment (Table 3.1).

There were three plants of 270 in the entire experiment, one

Mexican lime and two grapefruit that became infected even

though no successful graft was scored 21 days post¬

inoculation.

The overall rate of transmission of CTV by graft

inoculation for each donor/receptor host combination is shown

in Table 3.2. With C. excelsa as donor host there was 72.4%,

86.9%, and 60.7% transmission to Madam Vinous, Mexican lime

and grapefruit, respectively. With Mexican lime as donor

host, there was 93.1%, 76.9% and 89.3% transmission to Madam

Vinous, Mexican lime and grapefruit, respectively. With Madam

Vinous as donor host there was 86.7%, 100%, and 84.6%

transmission to Madam Vinous, Mexican lime and grapefruit

respectively. The overall average of transmission was 72.5%

from C. excelsa. 85.2% from Mexican lime, and 90.6% from Madam

Vinous (Table 3.2). Statistical analysis showed significant



45

Table 3.1 Transmission of citrus tristeza virus by graft
inoculation between selected citrus hosts: I. Efficiency of leaf
and bark pieces as inoculum.

Inoculum
tissue

Inoculum
survival%-/

% plants with
at least one % transmission-7
successful graft

leaf 8 3. O^a^7 92.0 89.2 a

bark 66.0 b 90.0 75.6 b

Measured at 21 days post-inoculation.

Percent transmission to plants with at least one inoculum
piece (of four) alive, measured serologically by DAS-ELISA at
3 and 5 months post-inoculation. Number indicates overall
transmission for all donor/receptor/virus isolate combinations.

A total of 270 plants (135 each) were inoculated with four pieces
of either leaf or bark tissue. Number indicates overall survival
for all donor/receptor/virus isolate combinations.

Numbers in the same column followed by different letters are
statistically different by Duncan's test (P < 0.05).



Table3.2Transmissionofcitrustristezavirusbygraftinoculationbetweenselectedcitrus hosts:II.Overallrateoftransmission.
Receptorhost

Donorhost

MadamVinous

Mexican
lime

Grapefruit

Average

Citrusexcelsa

72.4-/-/b^/

86.9

ab

60.7b

72.5-/b

Mexicanlime

93.1a

76.9

b

89.3a

85.2ab

MadamVinous

86.7ab

100.0

a

84.6a

90.6a

4». CTi

—/Percenttransmissiontoplantswithatleastoneinoculumpiece(offour)alive21days post-inoculation.Numberindicatesoveralloftransmissionforallvirusisolates combinations.
2/.,Eachvaluerepresentsaminimumof27plants.

3/...—'Numbersinthesamecolumnfollowingbydifferentlettersarestatisticallydifferent byDuncan'stests(P<0.05).
4/,,,Numberindicatestheoveralltransmissionforallreceptor/virusisolatecombinations.
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differences (P < 0.05%) for all donor-receptor host

combinations. Likewise, according to Duncan's multiple range

comparison test, there were statistical differences between

some of the hosts tested (Table 3.2).

The rate of transmission for the three different CTV

isolates tested with each donor host is shown in Table 3.3.

The T26 isolate was transmitted at a rate of 69.0% to 92.8%.

The transmission rates of T30 and T66a isolates ranged from

62.5% to 100% and from 71.4% to 96.7%, respectively, from the

hosts tested. While there were statistical differences in

the rates of transmission for some of the virus isolate/donor

host combination, the overall average of transmission showed

no significant differences among them (Table 3.3).

The overall statistical analysis for percent transmission

of the interactions among the different donor/receptor/virus

isolate/inoculum pieces combinations, indicated no significant

differences for receptor and virus isolates alone, and for the

combinations of donor/inoculum pieces, receptor/inoculum

pieces, and for donor/receptor/virus isolate. However,

significant differences (P < 0.05) were found for donor and

inoculum pieces alone, and for the interactions between

donor/receptor, donor/virus isolate, receptor/virus isolate,

and virus isolate/inoculum pieces.

Virus distribution and antigen concentration in host

tissues. The relative antigen titer of CTV as measured by

DAS-ELISA in each host tissue/virus isolate combination is



Table3.3Transmissionofcitrustristezavirusbygraftinoculationbetweenselectedcitrus hosts:III.Effectofvirusisolates.
Donorhost

Virus isolate

Citrus excelsa

Mexican
lime

MadamVinous sweetorange

Averaae

T26

69.0-/-/a-/

89.3

a

92.8a

83.5-/a

T30

76.7a

65.2

b

100.0a

80.7a

T66a

71.4a

96.7

a

77.3b

83.5a

.03 —/Percenttransmissiontoplantswithatleastoneinoculumpiecealive21dayspost¬ inoculation.Numberindicatesoveralloftransmissionforalldonor/receptorhost combinations.
2/. —'Eachvaluerepresentsaminimumof27plants.

3/,...Numbersinthesamecolumnfollowingbydifferentlettersarestatisticallydifferent byDuncan'stests(P<0.05).
4/,,Numberindicatesoveralltransmissionforalldonor/receptorhostcombinations.
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illustrated in Table 3.4. The average optical density values

at 405 nm (OD405) for bark tissue were 0.221 and 0.349 for the
T26 isolate and 0.266 and 0.336 for the T66a isolate in Madam

Vinous and C. excelsa. respectively. The OD405 values found in
the other tissues assayed in both hosts for T26 and T66a

isolates were in the range of 0.137 and 0.188 and 0.099 and

0.238 for petioles, 0.173 and 0.241 and 0.049 and 0.133 for

midribs, and 0.044 and 0.065 and 0.030 for leaf blades,

respectively. There were significant statistical differences

between C. excelsa and Madam Vinous for bark tissue with the

T26 isolate, and for both petioles and midribs with the T66a

isolate. The overall analysis showed that the highest OD405

values in both hosts for both T2 6 and T66a isolates, were

found in bark, followed by petioles and midribs. Leaf blades

showed the lowest OD405 values of all tissues assayed in both

hosts and isolates tested. Some differences in the OD405

values were found between different parts of the same plant,

and from one plant to another, in some virus isolate/host

combinations; however, the statistical analysis did not show

significative differences among them (data not shown). From

the standard curve prepared with purified T26 (Fig. 3.1), it

was estimated that an OD405 value of 0.4 65 was approximately

equivalent to 20 /¿g/ml of CTV, assuming an extinction

coefficient of 2.0 (Gonsalves et al. 1978). Therefore, the

CTV antigen concentration in the test samples (10 mg of



Table3.4RelativeantigentiterofcitrustristezavirusindifferenttissuesofCitrus excelsaandMadamVinoussweetorangehostplants,asmeasuredbyenzyme-linkedimmunosorbent assay.

Hosttissue

Virus isolate

Donorhost

Bark

Petioles

Midribs

Leaf blade

T26

Citrusexcelsa
0.349-^/a-/
0.137a

0.086a

0.044

a

MadamVinous

0.221b
0.188a

0.120a

0.065

a

T66a

Citrusexcelsa
0.336a

0.238a

0.133a

0.030

a

MadamVinous

0.266a

0.099b

0.040b

0.029

a

—/Meanofopticaldensity(OD4Q5)per10mgplanttissueafter120minofsubstratereaction. Therewerefourreplicatesperplantandfourplantsperhost/isolatecombination. ControlreactionwiththesametissuefromhealthyplantsaveragedOD4Q5=0.001-0.025. Thishasnotbeensubtractedfromthevaluesabove.
—!Numbersinthesamecolumnperhost/isolatecombinationfollowedbydifferentletters arestatisticallydifferentbyDuncan'stest(P<0.05).
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Purified virus (Optical Density 260 nm)

Figure 3.1 Plot of purified citrus tristeza virus (CTV)
against optical density. Bark of healthy Citrus excelsa (0.25
g) tissue was ground in 5.0 ml of phosphate buffered saline,
pH 7.6, + 0.05% Tween + 2% polyvinyl pyrrolidone and mixed
with purified CTV T2 6 isolate to give the desired optical
density at 260 nm (OD260) . DAS-ELISA was performed as described
in materials and methods. An extinction coefficient of 2.0
was assumed (Gonsalves et al. 1978) to estimate the relative
virus concentration.
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tissue/200 /xl) ranged from an average of 0.2-0.5 ng in leaf

blades to 1.9-2.9 jug in bark tissue.

Discussion

In this study three CTV isolates were graft-transmitted

by using leaf or bark tissue from three citrus donor hosts to

three receptor hosts. The simple establishment and survival

of grafted tissue in the receptor host was not sufficient to

transmit CTV from certain donor hosts. There were a number

of instances, 22 of 80, and 12 of 81, respectively, when C.

excelsa and Mexican lime were used as donor hosts, where no

transmission was achieved even on those receptor plants where

at least one grafted tissue piece was still alive 21 days

post-inoculation. Similar results were obtained, but to a

lesser degree (7 of 75) when Madam Vinous sweet orange was the

donor host. Furthermore, some of the receptor plants where

no transmission was scored had all four grafted pieces still

alive even five months post-inoculation.

The overall analysis of the results showed significant

differences in the efficiency of the three donor hosts tested

to transmit CTV (Table 3.2). Likewise, differences were found

in the rate of transmission for each donor/receptor host

combination. For example, C. excelsa showed rates of

transmission of 72.4% and 60.7% to Madam Vinous and

grapefruit, respectively; whereas, a rate of transmission of

86.7% was obtained to Mexican lime plants. In regard to

Mexican lime as donor host, there was a rate of 89.3% and
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93.1.7% transmission to grapefruit and Madam Vinous,

respectively and a 76.9% rate to Mexican lime. Transmission

from Madam Vinous sweet orange was between 84.6 and 100% in

all receptors tested. It was surprising that transmission

rates between the same species were only 86.7% for Madam

Vinous, and 76.9% for Mexican lime (Table 3.2).

Madam Vinous sweet orange was the most efficient donor

host with the three receptor hosts tested (90.6%), followed

by Mexican lime (85.2%). C. excelsa was a poor donor host

(72.5%), being relatively efficient only when inoculated to

Mexican lime (Table 3.2).

Previous studies on the transmission of CTV by grafting

procedures have shown that a period of at least ten days

contact between grafted tissues is needed to obtain

transmission of the virus to the receptor host (Tolba et al.

1976; Yamaguchi and Patpong, 1980). In this study, the

survival of grafted tissue was scored 21 days after

inoculation, but the inoculated tissue was left in the

receptor plants for up to five months. This should have been

ample time for contact between the inoculum and receptor

cambium to establish a tissue union with a subsequent

transmission of CTV. Furthermore, when leaf pieces were used

as inoculum, a small portion of the midrib was included in

every piece to increase the success of the grafting. The

overall rates of successful grafts were about 83% and a 66.7%

for leaf and bark pieces, respectively (Table 3.1).
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A,

The reason why a low percentage of graft transmission of

the virus was found from some donor hosts, and the absence of

an expected 100% when the donor-receptor combination was of

the same species, is unknown. A possible explanation could

be differences in the virus distribution and/or concentration

in the donor tissues used as inoculum. Bark tissue contained

the highest antigen titer with OD405 values in the range of

0.221 and 0.349 in both C. excelsa and Madam Vinous with both

CTV isolates tested (Table 3.4). These values were, in some

instances, more than double those found in petioles and

midribs, and at least triple those found in the leaf blade.

Even though the statistical analysis did not show significant

differences in antigen titer in either different parts of the

same plant or from one plant to another, there were some

instances where OD405 values were as low as the healthy
controls. This indicates a possible absence of the virus in

those tissues and raises the possibility that occasionally

the tissue used for graft transmission may be virus-free, with

a subsequent failure in the transmission. Other possibilities

could be an occasional absence of phloem connections between

the donor and receptor tissues with a subsequent absence of

movement of the virus across the junction or the requirement

of a minimum of virus particles present in the tissue used as

inoculum in order to accomplish the transmission.

Citrus tristeza virus is phloem-limited (Bar-Joseph et

al. 1979a; Lister and Bar-Joseph, 1981), and is normally found
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at higher concentrations in young phloem-rich tissues

(Garnsey, et al. 1979; Bar-Joseph, et al. 1979a); however,

the serological titer frequently decreases as the tissues

reach maturity or when the plants are exposed to warm

environments (Garnsey et al. 1981a; Lee et al. 1988c). The

OD405 values obtained in this research were low if compared

with those found when DAS-ELISA is used routinely for CTV

diagnosis (Bar-Joseph et al. 1979b; Garnsey et al. 1980b);

however, this part of the work was addressed to determine the

virus titer in the tissues suitable for graft transmission,

and young tender tissue sometimes is not a good source of

inoculum for leaf piece grafts (personal observations).

The overall analysis of the results obtained indicates

that the efficiency of the graft transmission of CTV is

conditioned primarily by the donor/receptor host combination,

and secondly by the virus isolate involved, but apparently not

by the interaction of the three. For example, C. excelsa

showed an overall rate of transmission in the range of 72.5%

with all receptor hosts tested (Table 3.2), and a similar low

pattern between 69% and 76.7% (= 72.8%) was obtained for the

three isolates tested (Table 3.3). Likewise, when Madam

Vinous was used as the donor host, there was an overall rate

of transmission of 90.6% (Table 3.2). A rate of 77.3-100% (=

88.6%) occurred from this host with the three isolates tested

(Table 3) . A comparable event was also scored when Mexican

lime was the donor host (Table 3.2 and 3.3). The statistical
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significance found for the interactions donor/receptor and

donor/virus isolate, and no significance for the interaction

of donor/receptor/virus isolate supports this conclusion.

The use of leaf and/or bark pieces for graft transmission

of CTV may be advantageous when large numbers of plants are

to be inoculated with limited sources of inoculum (Garnsey and

Whidden, 1970). However, in the light of the results of this

research, in order to achieve a high level of transmission,

the efficiency of the donor host and the donor/receptor host

combination should be considered.



CHAPTER 4
DEVELOPMENT OF A DOT-IMMUNOBINDING ASSAY FOR

CITRUS TRISTEZA VIRUS

Introduction

Several serological methods have been developed and used

to diagnose the presence of citrus tristeza virus (CTV) in

infected tissue. These methods include: SDS-immunodiffusion

procedures (Garnsey et al. 1979; Bar-Joseph et al. 1980), in

situ immunofluorescence (Brlansky et al. 1984; Tsuchizaki et

al. 1978), serologically specific electron microscopy

(Brlansky et al. 1984; Garnsey et al. 1980), gold

immunolabeling microscopy (Davis and Brlansky, 1990), and

several enzyme-linked immunosorbent (ELISA) procedures (Bar-

Joseph and Malkinson, 1980; Bar-Joseph et al. 1979b) including

the use of the biotin-avidin system (Irey et al. 1988) and the

enzyme-amplified ELISA (Ben-Ze'ev et al. 1988) to increase the

sensitivity of detection. Each of these methods has different

advantages and sensitivity levels, and therefore, has been

used for different purposes and applications (Rocha-Peña and

Lee, 1990).

Polyclonal antisera specific for CTV have been developed

in different animal species, such as rabbits (Gonsalves et al.

1978; Tsuchizaki et al. 1978; R.F. Lee, unpublished;), and

57
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chickens (Bar-Joseph and Malkinson, 1980; Marco and Gumpf,

1990). Likewise, several monoclonal antibodies (MCAs) have

been developed in mice (Gumpf et al. 1987; Permar et al. 1990;

Vela et al. 1986, 1988). The 3DF1 MCA has been reported to

react with a broad spectrum of CTV isolates of different

geographical origins and is available commercially (Vela et

al. 1986, 1988). The MCA-13 MCA (hereafter MCA-13) has been

reported to react specifically with CTV isolates that have

severe biological activities, especially isolates causing

decline on plants grafted on sour orange rootstock (Garnsey

and Permar, 1990; Permar et al. 1990). It has been used in

diverse studies for strain discrimination purposes (Irey et

al. 1988; Garnsey and Permar 1990; Rocha-Peña et al. 1990;

Yokomi et al. 1990).

The ELISA test, particularly the double antibody sandwich

system (DAS-ELISA) (Bar-Joseph et al. 1979b; 1980) has been

the most widely used of all serological methods developed for

CTV detection (Bar-Joseph et al. 1989; Garnsey, et al. 1981a;

Rocha-Peña and Lee, 1991) . In DAS-ELISA the virus in the test

sample is trapped and immobilized selectively by specific

antibodies adsorbed on polystyrene microtiter plates. Enzyme-

conjugated antibodies are then reacted with the trapped virus

and detected colorimetrically after adding a suitable

substrate (Clark and Adams, 1977; Garnsey and Cambra, 1990).

DAS-ELISA is relatively easy to perform and is highly

sensitive, but it does require some special equipment, it is
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laborious and time-consuming for large scale indexing, and

both antibodies and large volumes of buffer are used in each

test.

A simple and rapid serological method, known as dot-

immunobinding assay (DIBA) (Hawkes et al. 1982), has been

developed and applied for the detection of several plant

viruses (Hibi and Saito, 1985; Powell, 1987). The principles

of DIBA are similar to those of ELISA, differing mostly in

that the antigen and antibodies are bound to nitrocellulose

membranes instead of polystyrene microtiter plates, and that

the product of the enzyme reaction at the end of the test is

insoluble. The use of nitrocellulose membranes for the

serological detection of plant viruses has become popular

because of the simplicity of equipment required and lower cost

of materials needed. In a preliminary study the DIBA test was

as sensitive as DAS-ELISA to detect CTV in both field trees

and greenhouse grown plants (Rocha-Peña et al. 1990); however,

some differences were found in the reactivity of the

antibodies used, and some nonspecific reactions occurred in

the test. The objective of this research was to adapt DIBA for

diagnosis of CTV using different polyclonal and monoclonal

antibodies and to compare the sensitivity of DIBA with DAS-

ELISA and DAS-indirect ELISA.

Materials and Methods

Antisera used. Polyclonal antisera numbers 1051, 1052,

and 1053 previously prepared in rabbits against undegraded,
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and unfixed virus particles of T30, T3 6, and T2 6 CTV isolates,

respectively (R.F. Lee, unpublished) were used.

Immunoglobulins (IgG) were purified from whole sera by

the Protein A-Sepharose affinity chromatography method (Miller

and Stone, 1978) and adjusted to a final concentration of 1.0

mg/ml (OD280= 1.40) in PBS buffer with 0.02% sodium azide and

stored at 4°C (Clark et al. 1986) . The 3DF1 MCA was a gift

from Drs. P. Moreno and M. Cambra, Valencia, Spain, and its

preparation was described previously (Vela et al. 1986, 1988).

The MCA-13 that reacts specifically with severe CTV strains

(Permar et al. 1990) was a gift from Drs. T.A. Permar and S.M.

Garnsey. Goat anti-mouse and goat anti-rabbit IgG conjugated

with alkaline phosphatase were purchased from either

Boehringer or Promega.

The purified polyclonal IgG and 3DF1 MCA were tested at

concentrations of 1.0, 0.1, 0.2 or 0.01 /xg/ml. The MCA-13

was used as ascites fluid at a dilution of 1:5,000 (v/v) .

Goat anti-species IgG were used at concentrations recommended

by the manufacturer.

Sample preparation.- Bark tissue was peeled from fully-

expanded new flushes of CTV infected and healthy citrus

plants. The tissue was finely chopped and homogenized with

a Tekmar Tissumizer in the presence of Tris buffered saline

(TBS)-Tween (TBS = 0.02 M Tris, 0.5 M NaCl, pH 7.5), plus 0.5

% Tween 20 (TBS-Tween) at 1:10 (w/v) dilution.
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Dot-immunobindinq assay (PIBA).- The general protocol

used for DIBA was as follows: nitrocellulose membranes (Micro

Separations, Inc.)/ 0.45 m pore, were cut at a size of 11 X

7.5 cm and wet in TBS for at least 30 min, blotted on

chromatography paper (Whatman No. 1), and allowed to dry for

5 min before use. Aliquots of 2 /xl of test samples were

applied to nitrocellulose membranes by using as a guide a

template constructed from the rack of a micropipet tip holder

box, allowed to dry for at least 10-15 min or stored at room

temperature for several days before use. All subsequent

incubation steps were performed at room temperature in 25 ml

of each solution using polypropylene covers of micropipet tip

holder boxes as trays. During the incubation or washing the

membranes were agitated gently in a shaker at 50 oscillations

per min or agitated by hand. Nitrocellulose membranes, with

the test samples, were soaked for 30 min in blocking solutions

of either 10% horse serum (v//v), 3% bovine serum albumin

(BSA) (w/v), 3% gelatin (w/v), 5% Triton X-100 (v/v), or 0.5%

non-fat dry milk (w/v), all in TBS, and washed twice with 25-

50 ml TBS-Tween and once with TBS, 2 min each. Then the

membranes were incubated with the CTV specific antibodies for

either 30 min, one, two, or 18 hr, depending on the IgG used,

and washed again as after blocking. The membranes were then

incubated for 30 min with the corresponding goat anti-species

IgG conjugated with alkaline phosphatase. After washing as

before, the membranes were incubated in the substrate
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solution. The substrate solution was prepared as follows: 10

mg of nitro blue tetrazolium (NBT) (Sigma) were dissolved in

30 ml of TBS substrate buffer (0.1 M Tris, 0.1 M NaCl, 0.005

M MgCl2, pH 9.5); then 5 mg of 5-bromo-4-chloro-3-indoyl
phosphate (BCIP) (Sigma) were added and dissolved in the

solution. The color reaction was stopped by transferring the

membranes to distilled water.

DAS-ELISA.- The double antibody sandwich enzyme-linked

immunosorbent assay (DAS-ELISA) (Bar-Joseph et al. 1979b,

1980) was conducted using polyclonal IgG No. 1053 and

polystyrene Immulon II microtiter plates (Dynatech

Laboratories). Unless otherwise stated, 200 microliters were

used per well and three washings with PBS-Tween (phosphate

buffered saline = 8 mM Na2HP04, 14 mM KH2P04, 15 mM NaCl, pH

7.4, + 0.05% Tween 20) were performed between steps.

Microtiter plates were coated using 3.0 ng/ml of purified CTV

specific IgG in carbonate buffer (0.015 M NaHC03, 0.03 M NaC03,

pH 9.6) and incubated for 6 hr at 37°C. Antigen samples were

added to the wells and incubated for 18 hr at 5°C. CTV

specific IgG conjugated with alkaline phosphatase at a

dilution of 1:1,000 in conjugate buffer {PBS-Tween + 2%

polyvinyl pyrrolidone (=PVP 40,000 MW) (w/v) + 0.2% bovine

serum albumin (w/v)} was incubated for 4 hr at 37°C. The

reaction with p-nitrophenyl phosphate (Sigma) (1.0 mg/ml in

10% triethanolamine, pH 9.8) was quantified after 60 min at
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405 nm (OD405) using a Labinstruments model EAR 400 AT ELISA

plate spectrophotometer.

DAS-indirect ELISA.- For DAS-Indirect ELISA the plates

were coated with polyclonal IgG No. 1053, and antigen samples

were added as described for DAS-ELISA. The 3DF1 MCA was used

at a concentration of 0.2 /¿g/ml IgG and MCA-13 ascites fluid

was used at a dilution of 1:5,000 (v/v). Each was diluted in

conjugate buffer, added to the appropriate plates and

incubated for 4 hr 37°C. After washing, alkaline phosphatase

conjugated goat anti-mouse IgG was added at a dilution of

1:7,500 (v/v) in conjugate buffer and incubated for 2 hr at

37°C. The enzyme-substrate reaction was carried out as

described for DAS-ELISA.

Evaluation.- Twelve selected naturally-occurring Florida

CTV isolates with different biological properties (Garnsey et

al. 1987; Permar et al. 1990; Rocha-Peña and Lee, unpublished)

were used to determine the range of reactivity of each

antibody. All virus source plants were maintained in a

greenhouse with mean minimum and maximum temperatures of 21

and 38°C, respectively. The isolates Tila, T26, T30, T50a and

T55a produce very mild symptoms and little or no stunting in

Mexican lime seedlings {Citrus aurantifolia (Christm.)

Swingle}, no seedling yellows on sour orange (C. aurantium L.)

or grapefruit (C. paradisi Macf.) and no symptoms in sweet

orange {C. sinensis (L.) Osb.} and sweet/sour orange

combinations. The isolate T4 causes a moderate or stronger
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reaction on Mexican lime than isolates listed above. The

isolates T3, T36, T62a, T65a, T66a and T67a cause strong vein

clearing, stunting and stem pitting in Mexican lime seedlings,

varying degrees of decline and/or growth reduction in

sweet/sour orange combinations, varying degrees of seedling

yellow reaction and/or severe stunting in sour orange or

grapefruit seedlings, and varying degrees of growth reduction

in Madam Vinous sweet orange seedlings.

The relative sensitivity limits were compared for

detection of CTV by DIBA, DAS-ELISA, and DAS-indirect ELISA.

An extract {1:10 (w/v) in TBS-Tween} was made of greenhouse

grown C. excelsa plants infected with the CTV isolate T36.

A series of two fold dilutions was made with a similar extract

of healthy C. excelsa. Negative controls included TBS-Tween,

and 1:10 extracts of healthy C. excelsa. Madam Vinous sweet

orange, Duncan grapefruit and Mexican lime plants, all in TBS-

Tween.

Evaluation of different buffers for sample extraction.-

An additional experiment was carried out to determine the

effects of different extraction buffers on the sensitivity of

DIBA, DAS-ELISA, and DAS-indirect ELISA. Three different

extraction solutions, Tris buffered saline, phosphate buffered

saline, and carbonate buffer (all as described above), with

and without 0.05% Tween 20, were used. Three CTV isolates

T26, T62a, and T66a propagated in Madam Vinous sweet orange

plants were tested in DIBA, DAS-ELISA, and DAS-indirect ELISA
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with polyclonal IgG No. 1053 and the 3DF1 MCA as described

before.-^ Polyclonal IgG No. 1053 (1.0 /Ltg/ml) was incubated for

2 hr at 37°C in 1% BSA, 2% PVP, TBS containing 1:200 (v/v)

buffer extract of bark from healthy Madam Vinous sweet orange,

prior to use in DIBA. Substrate reaction for DAS-ELISA and

DAS-indirect ELISA was quantified after 60 min.

Results

Development of the dot-immunobindinq assay. The

reactivity of each antibody and level of background on the

nitrocellulose membranes varied with each IgG used, IgG

concentration and incubation time. Reactions were affected

by the blocking solutions and buffers used for dilution of

the antibodies and the commercial goat anti-species IgG

conjugates.

Six different solutions were evaluated as blocking

agents. TBS alone (Fig. 4.1 A) and 10% horse serum (not

shown) did not prevent the nitrocellulose sheets from turning

dark; whereas 3% BSA, 3% gelatin, 0.5% non-fat dry milk, and

5% Triton X-100 all gave an acceptably white membrane with the

different polyclonal IgGs tested (Fig 4.1 B, C, D, E) . The

3% gelatin blocking solution gave the best contrast between

the green color for healthy samples and different intensities

of a purple color for CTV infected samples (Fig. 4.1 C). The

use of Triton X-100 as a blocking agent partially removed the

green material from the nitrocellulose sheets; however, a
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Fig. 4.1 Effect of different blocking solutions on the
reaction of polyclonal antibodies no. 1053 in dot-
immunobinding assay with citrus tristeza virus (CTV) isolates:
A. TBS alone; B. 3% bovine serum albumin (BSA); C. 3% gelatin;
D. 0.5% non-fat dry milk; E. 5% Triton X-100. Number 1, CTV
T66a; 2, CTV T26; 3, buffer extract from healthy sweet orange
plants; 4, TBS-Tween. Reaction conditions are described in
materials and methods.
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slight pink reaction was consistently obtained with sap from

healthy plants (Fig. 4.1 E).

Polyclonal IgGs had to be cross absorbed with buffer

extracts of healthy tissue to reliably discriminate between

healthy and CTV infected samples (Fig. 4.2 A, B) , and

reactivity varied with concentration and incubation times.

The strongest reactions and best discrimination between CTV

positive and negative samples were achieved using 1.0 ng

IgG/ml and 30 min incubation. An incubation time of 60 min

with 1.0 or 0.1 ng IgG/ml, or longer (18 hr) even with as low

as 0.01 jug IgG/ml frequently resulted in the occurrence of

nonspecific reactions with healthy samples, even when the IgG

had been cross absorbed with extracts of healthy plants. sA

would be expected, MCAs did not have to be cross absorbed with

buffer extracts from healthy plants prior to use. The

reactivity of the 3DF1 and MCA-13 MCAs was substantially lower

than that obtained with any of the polyclonal IgGs tested.

For both 3DF1 (1.0 /xg/ml) and MCA-13 (diluted 1:5,000), the

incubation time was extended to 2 hr or longer (18 hr) to

achieve an adequate positive reaction with infected samples

(Fig. 4.2 C, D). The reactivity of 3DF1 was always slightly

lower than that obtained with either polyclonal IgG or the

MCA-13.

In initial experiments with polyclonal IgGs, 1% BSA in

TBS plus 2% PVP was chosen as the antibody diluent because it

consistently gave a whiter background on the nitrocellulose
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Fig. 4.2 Reaction of polyclonal and monoclonal antibodies in
dot-immunobinding assay with citrus tristeza virus (CTV)
isolates. A. Polyclonal antibodies 1053 (1.0 /¿g/ml) not
cross-absorbed with buffer extract of healthy plant. B.
Polyclonal antibodies 1053 (1.0 /¿g/ml) incubated with 1:200
(v/v) buffer extract from healthy plants for 2 hr at 37°C
prior to use. C and D, monoclonal 3DF1 (1.0 /ig/ml) and MCA-
13 (1:5,000 dilution) antibodies not cross-absorbed with
healthy extract. Number 1, CTV T66a; 2, CTV T26; 3, buffer
extract from healthy sweet orange plants; 4, TBS-Tween.
Reaction conditions are described in materials and methods.
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and stronger reactivity for positive samples. Either the

absence of PVP or BSA concentrations of less than 1% in the

antibody diluent frequently resulted in a dark background on

the nitrocellulose when 3% BSA was used for blocking.

Evaluation.- The relative sensitivity level of DIBA was

measured using increasing dilutions of a plant extract

containing CTV isolate T36. This is shown in Figure 4.3.

Polyclonal IgGs Nos. 1051, 1052, and 1053 (1.0 ¿xg/m1 IgG for

30 min) consistently gave a distinct positive reaction with

CTV T36 diluted to 1/160. There was a slight but consistently

positive reaction at the 1/320 dilution and occasionally at

1/640 (Fig. 4.3 A, B, C) . The reactivity of both 3DF1 and

MCA-13 MCAs (1.0 /¿g/ml and 1:5,000, respectively) was also in

the range of 1/160 and 1/320, but only when the incubation

time was extended to 18 hr (Fig. 4.3 D, E).

The relative sensitivities of DAS-ELISA and DAS-indirect

ELISA were measured similarly against the diluted extract of

CTV T36. These results are summarized in Table 4.1. DAS-

ELISA, using polyclonal IgG No. 1053 for both coating and

conjugate steps, gave OD405 value of 0.109 (i.e above 0.100)

with the CTV T36 sample diluted to 1/160. This was considered

a positive reaction. Thus the OD405 value of 0.070 at a 1/320

dilution was considered a negative reaction. DAS-indirect

ELISA, using polyclonal IgG No. 1053 for coating and 3DF1 MCA

as second antibody in the double sandwich, gave a positive and

negative reaction at dilutions of 1/320 and 1/640,
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1/10

1/20

1/4 0

1/80

1/160

1/320

1/640

TBS-Tween

Fig. 4.3 Relative sensitivity level of different polyclonal
and monoclonal antibodies specific to citrus tristeza virus
(CTV) in dot-immunobinding assay. Rows A, B and C, polyclonal
antibodies nos. 1051, 1052, and 1053, respectively. Rows D
and E, monoclonal antibodies 3DF1 and MCA-13, respectively.
Extract of Citrus excelsa greenhouse grown plants infected
with CTV T36 isolate was prepared in TBS-Tween 1:10 (w/v) and
two-fold diluted with extract of healthy plants. Reaction
conditions are described in materials and methods.



Table4.1Relative polyclonal(1053)and tristezavirus.
sensitivity monoclonal
OfDIBA, (3DF1and

DAS-ELISAandDAS- MCA-13)antibodies
indirect specific
ELISAwith tocitrus

CTVT-36 isolate—'

DIBA

DAS-ELISA1/
DAS-indirect
ELISA1/

1053

3DF1

MCA-13

1053

3DF1

MCA-13

1/10

' +1/

+

+

0.572

+4/

2.628+

0.892+

1/20

+

+

+

0.460

+

2.507+

0.607+

1/40

+

+

+

0.314

+

1.635+

0.385+

1/80

+

+

+

0.185

+

0.853+

0.252+

1/160

+

+

+

0.109

+

0.518+

0.158+

1/320

+

+/-

+/-

0.070

-

0.190+

0.094-

1/640

-

-

-

0.024

-

0.075-

0.054-

1/1280

-

-

-

0.022

-

0.032-

0.036-

C.excelsa

-

—

-

0.004

-

0.033-

0.013-

TheIgGofpolyclonalantibodyno.1053wasusedtocoattheplatesforbothDAS- ELISAandDAS-indirectELISA.ForDAS-ELISAtheno.1053IgGconjugatewasusedas secondantibody.ForDAS-indirectELISAtheunlabeled3DF1andMCA-13werethe intermediateantibodiesfollowedbythegoatanti-mouseIgGconjugate.
1/



2/

Bufferextract(1:10dilution)ofbarkfromgreenhousegrownC.excelsaplants infectedwithCTVT36successivelytwo-folddilutedwithhealthyC.excelsabuffer extract.
3/ —'Visualevaluationforpresenceofapurplecolor(+=positive,+/-=inconclusive,- =negative. Opticaldensityat405nm(OD4Q5)after60minofsubstratereaction.Meanoftwo replicatipnsperplate.Reactionswereconsideredpositive(+)whenOD4Q5valueswere higherthanthreetimesthemeanofhealthycontrolsor0.100,whicheverwasgreater. Reactionswithlowervalueswereconsiderednegative(-).
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respectively. DAS-indirect ELISA using the MCA-13 as second

antibody had a sensitivity level similar to DAS-ELISA , i.e.

the dilution end point was 1/160 dilution (Table 4.1).

The relative reactivity of the different antibodies for

the 12 selected CTV isolates in DIBA, and its comparison with

both DAS-ELISA and DAS-indirect ELISA, is illustrated in

Figure 4.4 and Table 4.2. Polyclonal IgG No. 1053 (1.0 /ng/ml)

showed a strong positive reaction with all CTV isolates tested

in DIBA (Fig. 4.4, left). Polyclonal IgGs Nos. 1051 and 1052

reacted similarly (not shown). The results obtained with

polyclonal IgG No.1053 in DAS-ELISA with the CTV isolates were

the same as with DIBA (Table 4.2).

The 3DF1 MCA (1.0 /xg/ml IgG) reacted moderately with most

CTV isolates tested, but no reaction and weak or inconclusive

reactions were obtained with the isolates T26 and T66a,

respectively, in both DIBA and DAS-indirect ELISA (Fig. 4.4,

center and Table 4.2).

The severe strain specific MCA-13 (used at a dilution of

1:5,000) gave a distinctly positive reaction only with

isolates T3, T36, T65a, T66a, and T67a in DIBA and DAS-

indirect ELISA (Fig. 4.4, right and Table 4.2). An

inconclusive or slightly positive reaction was obtained

occasionally with the T50a, T55a, T4, and T62a isolates in

DIBA when the samples were incubated for longer times (18 hr) .

Similar reactions occurred with these particular CTV isolates

in the DAS-indirect ELISA test (Table 4.2).
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1053 3DF1 MCA-13

Fig. 4.4 Reaction of polyclonal antibodies no. 1053 and 3DF1
and MCA-13 monoclonal antibodies in dot-immunobinding assay
with twelve selected citrus tristeza virus (CTV) isolates.
Row A: 1 = Tila; 2 = T26; 3 = T30; 4 = T50a; 5 = T55a; 6 = T3;
7 = T4; 8 = T36. Row B: 1 = T62a; 2 = T65a; 3 = T66a; 4 =
T67a. Also in Row B are extract of healthy plants: 5 = Citrus
excelsa; 6 = Madam Vinous sweet orange; 7 = Duncan grapefruit;
8 = Mexican lime. Reaction conditions are described in
materials and methods.



Table4.2ComparisonofDIBA,DAS-ELISAandDAS-indirectELISAforthedetectionof citrustristezavirus(CTV)andrelativereactivityofpolyclonal(1053)andmonoclonal (3DF1andMCA-13)antibodieswithCTVisolates. Virus

DIBA

isolate—'

1053

3DF1

MCA-13

Tila

(M)1/

+1/

+

-

T26

(M)

+

+/-

-

T30

(M)

+

+

-

T50a

(M)

+

+

+/-

T55a

(M)

+

+

+/-

T3

(S)

+

+

+

T4

(HD)

+

+

+/-

T36

(S)

+

+

+

T62a

(S)

+

+

+/-

T65a

(S)

+

+

+

T66a

(S)

+

+/-

+

T67a

(S)

+

+

+

DAS-ELISA1^DAS-indirectELISA1/ 1053

3DF1

MCA-13

0.204

+5/

1.568

+

0.091

0.137

+

0.053

-

0.057

0.227

+

1.936

+

0.090

0.498

+

2.584

+

0.120

0.443

+

2.018

+

0.119

0.404

+

2.468

+

0.522

0.304

+

1.992

+

0.092

0.572

+

2.628

+

0.892

0.556

+

2.045

+

0.115

0.556

+

2.527

+

0.745

0.588

+

0.191

+

0.735

0.250

+

2.235

+

0.480

ui



C.excelsa
(HC)-

—

—

0.021-

0.033-

0.013

M.Vinous
(HC)-

-

-

0.004-

0.045-

0.000

Grapefruit
(HC)-

-

-

0.004-

0.014-

0.008

M.lime

(HC)-

-

-

0.009-

0.029-

0.038

JTheIgGofpolyclonalantibodyno.1053wasusedtocoattheplatesforbothDAS- ELISAandDAS-indirectELISA.ForDAS-ELISAtheno.1053IgGconjugatewasusedas secondantibody.ForDAS-indirectELISAtheunlabeled3DF1andMCA-13werethe intermediateantibodiesfollowedbythegoatanti-mouseIgGconjugate.
2/, —'Bufferextracts(1:10dilution)ofbarkfromgreenhousegrownplantseitherofC. excelsa.MadamVinoussweetorange,grapefruitorMexicanlime.

3/, —'M=mild;MD=moderate;S=severe;HC=healthycontrol;onthebasisofsymptom reactiononaseriesofcitrushosts(Garnseyetal.1987;Permaretal.1990;Rocha- PeñaandLee,unpublished).
—/Visualevaluationforpresenceofapurplecolor(+=positive,+/-=inconclusive,- =negative). Opticaldensityat405nm(°D405)after60minofsubstratereaction.Meanoftwo replicationsperplate.Reactionswereconsideredpositive(+)whenOD4Q5valueswere higherthanthreetimesthemeanofhealthycontrolsor0.100,whicheverwasgreater. Reactionswithlowervalueswereconsiderednegative(-).
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Evaluation of different buffers for sample extraction.-

The reactions of the polyclonal IgG 1053 and MCA 3DF1 with

the different CTV isolate/extraction buffer combinations in

DIBA are shown in Figure 4.5. In general, there was a strong

positive reaction with all the CTV isolate/extraction buffer

combinations tested, with the strongest reaction occurring

when PBS without Tween 20 was used as the extraction buffer

(Fig. 4.5). The presence of Tween 20 in the extraction buffer

gave a weaker but relatively more uniform reaction spot with

both antibodies.

The results of the evaluation of the different extraction

buffers by DAS-ELISA and DAS-indirect ELISA are shown in

Figure 4.6. In DAS-ELISA the strongest reactions occurred

with isolate T62a, followed by T26 and T66a, respectively.

The presence or absence of Tween 20 made little difference in

DAS-ELISA (Fig. 4.6 left). In DAS-indirect ELISA with the

3DF1 MCA the strongest reactions occurred with isolate T26,

followed by T62a and T66a, respectively. The presence of

Tween 20 gave slightly stronger reactions in most cases. With

PBS, the presence of Tween 2 0 more than doubled the OD405

values for isolates T62a and T66a, but caused only a slight

increase for isolate T26 (Fig. 4.6 right)

Discussion

The dot-immunobinding assay was adapted for detection of

CTV. This included the testing of different agents for

blocking and as diluents for the CTV specific antibodies and
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Figure 4.5 Evaluation of different extraction buffers on the
sensitivity of DIBA with citrus tristeza virus (CTV) isolates
T26, T62a and T66a. TBS = Tris buffered saline, TBST = TBS
containing 0.05% Tween 20, PBS = phosphate buffered saline,
PBST = PBS + 0.05% Tween, Carb = carbonate buffer, CarbT =
Carb + 0.05% Tween, HC = healthy control. The IgG of
polyclonal antibodies No. 1053 or monoclonal antibody 3DF1
were used as primary antibodies followed by the goat anti¬
rabbit and anti-mouse IgG conjugates, respectively. Samples
were 2 /¿I of buffer extracts of greenhouse-grown Madam Vinous
sweet orange plants infected with the CTV isolates ground at
a 1:10 dilution.
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Figure4.6EvaluationofdifferentextractionbuffersonthesensitivityofDAS-ELISA andDAS-indirectELISAwithcitrustristezavirus(CTV)isolatesT26,T62aandT66a. TBS=Trisbufferedsaline,TBST=TBScontaining0.05%Tween20,PBS=phosphate bufferedsaline,PBST=PBS+0.05%Tween,Carb=carbonatebuffer,CarbT=Carb+0.05% Tween,HC=healthycontrol.TheIgGofpolyclonalantibodiesNo.1053wasusedtocoat theplatesforbothDAS-ELISAandDAS-indirectELISA.ForDAS-ELISAtheNo.1053IgG conjugatewasusedassecondantibody.ForDAS-indirectELISAtheunlabeled3DF1 monoclonalantibodywastheintermediateantibodyfollowedbythegoatanti-mouseIgG conjugate.Sampleswere200/¿Iofbufferextractsofgreenhouse-grownMadamVinous sweetorangeplantsinfectedwiththeCTVisolatesgroundata1:10dilution.
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the commercial goat anti-species IgG conjugates, the

evaluation of some CTV specific polyclonal and monoclonal

antibodies and the testing of the effect of different

extraction buffers with and without Tween 20.

In some other systems where nitrocellulose membranes have

been used for the immunological detection of proteins either

by DIBA (Hibi and Saito, 1985; Powell, 1987; Graddon and

Randles, 1986) or by western blotting (Spinola and Cannon,

1985), some differences have been reported in the suitability

of different agents and buffers used for membrane blocking or

as diluents for both the virus specific antibodies and the

commercial goat anti-species IgG conjugates. In this study,

TBS, 10% horse serum, 3% BSA, 3% gelatin, 0.5% non-fat dry

milk and 5% Triton X-100 were evaluated as blocking agents.

The latter four were found to give an adequately white

background on the nitrocellulose membranes to permit

discrimination between infected and healthy samples. However,

3% gelatin was used routinely as it gave the most suitable

contrast between a green color for the healthy samples and a

distinct purple color for the infected samples.

It has been well documented that the presence of albumin

(BSA or egg ovalbumin) enhances the reactivity of antibodies

in diverse serological tests (Clark et al. 1986; Purcifull and

Batchelor, 1977). Likewise, PVP has been commonly used in

both extraction and conjugate buffers to prevent non-specific

reactions (Clark et al. 1986). In this study, a concentration
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of BSA of less than 1% or the absence of PVP in the antibody

diluent frequently resulted in the nitrocellulose membrane

turning dark when BSA was used for blocking. Thus TBS

containing 1% BSA and 2% PVP was always used as the antibody

diluent.

Differences were found in the reactivities of the

antibodies tested. All polyclonal IgGs (Nos. 1051, 1052, and

1053) reacted similarly in DIBA. After 30 min incubation (at

1.0 jul/ml IgG) they gave strong positive reactions with CTV-

infected samples, but none with healthy samples. However,

incubations of 60 min or more sometimes resulted in the

occurrence of nonspecific reactions with extracts of healthy

plants. This was prevented when the polyclonal antibodies

were cross-absorbed with extracts of healthy plants before

use. These antibodies gave a strong positive reaction with

the 12 selected CTV isolates tested, and had a sensitivity

(highest dilution which gave positive reaction) limit of 1/320

with CTV T36 infected samples.

The 3DF1 MCA when used at an IgG concentration of 1.0

/xg/ml reacted moderately with most of the CTV isolates tested

and had a relative sensitivity limit of 1/320 in DIBA and

1/680 in DAS-indirect ELISA. However, in some cases it was

necessary to extend the incubation time (15-18 hr) with 3DF1

in DIBA, because it had a reactivity level that was somewhat

lower than any of the polyclonal antibodies tested.
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The 3DF1 MCA has been reported to react with a broad

spectrum of CTV isolates primarily on the basis of DAS-

indirect ELISA (Vela et al. 1986, 1988) . In this work the

3DF1 reacted weakly with CTV isolates T26 and T66a in some

tests (Fig. 4.4, center, A2 and B3) and moderately in others

(Fig. 4.2, Cl,2,5,6). The reason for this is not known. For

isolate T26 it could be due to a low virus concentration as

was indicated by DAS-ELISA (Table 4.2). However, the T66a

isolate was at a high concentration as indicated in DAS-ELISA

with polyclonal antibody 1053 and in DAS-indirect ELISA with

MCA-13 (Table 4.2). Yet, in DAS-indirect ELISA 3DF1 gave a

low OD405 value for T66a (Table 4.2). This may indicate a

differential reactivity of the 3DF1 MCA with some particular

CTV isolates such as T66a.

The sensitivity limit for MCA-13 in both DIBA and DAS-

indirect ELISA was near 1/320 (Fig. 4.3 and Table 4.1). In

DIBA MCA-13 reacted strongly with CTV isolates T3, T36, T65a,

T66a, and T67a, all of which share severe biological

properties (Garnsey et al. 1987; Permar, et al. 1990; Rocha-

Peña and Lee, unpublished). However, there were slight

positive reaction with CTV isolates T50a and T55a which have

mild biological properties and with isolate T62a which has

severe properties (Rocha-Peña and Lee, unpublished) (Table

4.2) . The MCA-13 has been reported to react specifically with

CTV isolates that have severe biological properties, such as

decline, stem pitting, seedling yellows, etc. (Permar and
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Garnsey, 1990; Permar et al. 1990), and it has been used for

strain discrimination of CTV-induced decline in several field

surveys (Irey, et al. 1988; Rocha-Peña et al. 1990; Yokomi et

al. 1990). The slight positive reaction found frequently in

DIBA with some CTV isolates with mild biological properties

occurred when the ascites fluid at a dilution of 1:5,000 was

incubated for 18 hr. These slight positive reactions could

be prevented by using a shorter (2 hr) incubation time or by

using the ascites fluid at a dilution of 1:20,000 and an

incubation time of 18 hr (Rocha-Peña et al. 1990) . The

isolate T62a has been characterized previously as severe on

the basis of a severe vein flecking, leaf cupping and stunting

of Mexican lime plants, severe growth reduction on grapefruit

and Madam Vinous sweet orange seedlings, and moderate growth

reduction on sweet/orange combinations (Rocha-Peña and Lee,

unpublished). The weak reaction found with isolate T62a in

DIBA and its low OD405 when MCA-13 was used in DAS-indirect

ELISA (Table 4.2), suggests that some severe CTV isolates may

not be recognized by the MCA-13. That T62a was in high

concentration in these experiments is verified by DAS-ELISA

using polyclonal antibodies and DAS-indirect ELISA using the

3DF1 MCA (Table 4.2).

Three buffers, TBS, PBS and carbonate, with and without

0.05% Tween 20, were evaluated for their effects on the

sensitivity of DIBA, DAS-ELISA and DAS-indirect ELISA with

two antibodies and three CTV isolates. In DIBA, PBS gave the
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strongest reactions, followed by TBS and carbonate. The

addition of Tween 20 gave slightly weaker reactions with all

buffers, but the spots were more uniformly spread on the

nitrocellulose. With both ELISA procedures the presence of

Tween 20 in the extraction buffers tended to increase the

OD405 values slightly. However, in DAS-indirect ELISA, the

presence of Tween 20 in the PBST more than doubled OD405

readings over PBS alone for CTV isolates T62a and T66a, but

had little effect with isolate T26. This did not occur with

TBS or the carbonate buffer. One possible explanation is that

the presence of Tween 20 in the PBST caused a conformational

change in the coat protein of T62a and T66a exposing more of

the epitope for binding with the 3DF1 MCA. This appeared to

occur to a much lower degree with isolate T26 in DAS-indirect

ELISA and with all three of these isolates reacting with the

polyclonal antibodies in DAS-ELISA. These results indicate

that PBS might be the best extraction buffer for DIBA, and

PBST or TBST might be the best for ELISA. However, it would

always be advisable to determine the effects of Tween 20 on

the serological methods and antigen/antibody combinations

under investigation.

There are several advantages to using DIBA over

conventional DAS-ELISA or DAS-indirect ELISA for CTV

detection. DIBA was rapid and easy to perform and, it was as

sensitive as either ELISA procedure for CTV diagnosis. The

entire test could be performed in 2-3 hours using polyclonal
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antibodies (slightly longer with monoclonal antibodies), and

minimal laboratory equipment was needed. The use of small

containers such as the polypropylene covers for incubation and

washing steps enabled the recovery and re-use of both virus

specific antibodies and goat anti-species IgG conjugates for

at least four weeks when the solutions were properly preserved

with 0.02% sodium azide and stored at 5°C between uses. The

template constructed from the rack of a micropipet tip holder

box enabled the uniform spacing of samples on the

nitrocellulose membranes.

As pointed out by Powell (1987) , one disadvantage of DIBA

as compared to ELISA procedures is the lack of quantitative

measurements. However, with appropriate positive and negative

controls, DIBA can be used reliably for routine diagnostic

work where no quantitative measurements are needed. When

quantitation of CTV antigens is required, ELISA should be

used.



CHAPTER 5
SUMMARY AND CONCLUSIONS

Four different naturally occurring Florida mild citrus

tristeza virus (CTV) isolates were evaluated under greenhouse

conditions at two temperature regimes for their cross-

protecting ability against the induced decline by a CTV severe

challenge isolate in two susceptible scion/rootstock

combinations. DAS-ELISA with polyclonal antisera was used to

determine the total antigen titer in plants inoculated with

mild isolates and those challenged with the severe isolate.

The MCA-13 strain specific monoclonal antibody was

successfully used in DAS-indirect ELISA for differential

isolate detection and quantitation of the severe challenge

isolate in mixed infections.

The effectiveness of the graft transmission of CTV was

evaluated with three CTV isolates by using leaf and bark

tissue from three citrus donor hosts to three receptor hosts.

The distribution of the virus in different plant tissues was

also studied.

A dot-immunobinding assay (DIBA) was adapted for CTV

detection. The sensitivity level of DIBA was evaluated using

three different polyclonal and two monoclonal antibodies and

86
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compared with sensitivities of double antibody sandwich (DAS)

ELISA and DAS-indirect ELISA with 12 different CTV isolates.

The conclusions of this research are summarized as follows:

Cross-Protection of Citrus Tristeza Virus

At warm temperatures plants pre-inoculated with mild

isolates showed relatively low optical density (OD405) values

in the range of 0.091-0.145 in DAS-ELISA with polyclonal

antisera; whereas, at cool temperatures the values were

commonly in the range of 0.300-0.400. At warm temperatures,

the MCA-13 monoclonal antibody in plants pre-inoculated with

mild isolates but unchallenged, gave OD405 values in the range

of 0.030-0.045 which were as low as the uninoculated control

plants. However, at cool temperatures, the OD405 values

obtained with mild isolates were slightly higher than those

obtained at warm temperatures, indicating that the MCA-13

monoclonal antibody may react to some extent with mild

isolates when they are above a certain titer in the plants.

Nevertheless, the OD405 values were always lower than 0.100,

which was considered a negative reaction.

When plants pre-inoculated with mild isolates and further

challenged with the severe isolate were assayed with the MCA-

13 monoclonal antibody, they gave typically lower OD405 values
for the T66a isolate than the unprotected challenged control

plants which did not have mild isolates. In this regard, the

T26 and T3 0 isolates gave the more uniform lower OD405 values
for the T66a isolate in all evaluated treatments. This would
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indicate that the mild isolates, especially the T26, T30, and

T55a, prevented to some extent the multiplication of the

challenge severe isolate, and that they were apparently

working as cross-protecting agents. The evaluation of the

virus titer of the T66a severe isolate with the MCA-13

monoclonal antibody in the treatments pre-inoculated with mild

isolates and further challenged provided a measurable

parameter to estimate the ability of mild isolates to prevent

the establishment the severe isolate.

The effect of mild CTV isolates on performance of both

Valencia/sour orange and Valencia/macrophylla was variable.

At warm temperatures, the effect was negligible. The decline

index for the healthy uninoculated control plants was nearly

equal to or greater than those inoculated only with mild

isolates. However, at cool temperatures there was a

remarkable growth reduction effect in all treatments

evaluated. The decline indexes for the healthy uninoculated

control plants was variable and ranged from values below to

above those obtained with plants inoculated only with mild

isolates. Of all treatments evaluated at both temperatures,

the T26 isolate, and also T55a to some degree, obtained the

lowest decline index scores and lowest number of dead plants

as compared with the uninoculated challenged control plants.

This provided further evidence of their cross-protecting

effect, especially the T26 isolate against the development of

the CTV-ID syndrome.
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Plants pre-inoculated with the Tila mild isolate, and

further challenged with the T66a severe isolate showed the

highest occurrence of decline, reflected in high decline index

scores in the whole experiment, indicating apparently that the

combination of both Tila and T66a isolates produced a more

severe reaction in the challenged plants even than that caused

by the T66a isolate alone in the unprotected control plants.

There was a relatively low occurrence of decline at both

temperatures in the unprotected control which were challenged,

indicating that to better guarantee an appropriate occurrence

of decline symptoms under greenhouse conditions, it would be

advisable toe use a mixture of more than one severe isolate

as the challenge.

The results of this work provide further evidence that:

a) the cross-protection against the induced decline on

sweet/sour orange combinations is possible, and it can be

evaluated preliminarily under greenhouse conditions in a

relatively short time period of 18-24 months. This time period

estimate includes from six to twelve months to infect the test

plants with mild isolates and verification of infection by

serology, two months for challenge inoculation with the severe

isolate and ten months for final evaluation; b) The severe

challenge isolate can be differentially detected from the mild

isolates by using the MCA-13 strain specific monoclonal

antibody; c) Mild isolates can be evaluated without the risk
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of recurrent freezes that can hamper the reliable evaluation

of cross-protection experiments under field conditions.

Graft Transmission of Citrus Tristeza Virus

The efficiency of graft transmission of CTV by leaf or

bark pieces was conditioned primarily by the donor/receptor

host combination and secondly by the virus isolate involved.

For example, C. excelsa showed a low 72.4% and 60.7% rate of

transmission to Madam Vinous and grapefruit, respectively;

whereas, an 86.7% rate of transmission was obtained to Mexican

lime plants. In regard to Mexican lime as donor hosts, there

was a rate of transmission of 89.3% and 93.1.7% to grapefruit

and Madam Vinous, respectively and a 76.9% rate to Mexican

lime. Rate of transmission from Madam Vinous sweet orange was

between 84.6 and 100% in all receptors tested. Of the three

donor hosts tested, Madam Vinous sweet orange was the most

efficient donor host (90.6%), followed by Mexican lime

(85.2%). C. excelsa was a poor donor host with an overall

rate of transmission of 72.5%, being relatively efficient only

when inoculated to Mexican lime. Differences were found

in the rate of transmission of the three different CTV

isolates with each donor host tested. However, the overall

rate of transmission was in the range of 80% for all isolates.

Apparently the efficiency of the graft transmission of the

virus depended more on the donor host involved than the virus

isolate.
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There were some differences in the virus concentration

in the donor tissues used as inoculum. Bark tissue contained

the highest titer with OD405 values in the range of 0.221 and
0.349 in both Madam Vinous and C. excelsa with both CTV

isolates tested. These values were, in some instances, more

than double those found in petioles and midribs, and at least

triple those found in the leaf blade. While these values were

not statistically significant, some differences were found in

virus titer from different parts of the same plant and from

one plant to another. There were some instances where OD405

values were as low as the healthy controls indicating a

possible absence of the virus in those tissues. This raises

the possibility that occasionally the tissue used for graft

transmission may be virus-free, with a subsequent failure in

the transmission.

The use of leaf and/or bark pieces for graft transmission

of CTV may be advantageous when large numbers of plants are

to be inoculated with limited sources of inoculum, as is the

case for studies of cross-protection. However, in order to

achieve a high level in the rate of transmission, the

efficiency of donor host and the donor/receptor host

combination should be considered. Leaf pieces provide a

better source for inoculation than bark tissue.

A Dot-Immunobindinq Assay for Citrus Tristeza Virus

The dot-immunobinding assay (DIBA) was adapted for

detection of CTV. Some differences were found in the

J
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reactivity of each antibody with the different CTV isolates

tested. All polyclonal antibodies (nos. 1051, 1052, and 1053)
— —-

reacted similarly in DIBA, but all had to be cross-absorbed

with buffer extracts of healthy plants before use. All

polyclonals gave a strong positive reaction with the 12 CTV

isolates tested. The dilution end points of extracts from

CTV-infected samples were 1/320 when tested against the

polyclonal antibodies.

The 3DF1 monoclonal antibody, at a concentration of 1.0

¿ig/ml,reacted moderately with most of the CTV isolates tested.

Dilution end points of extracts from CTV-infected tissue were

1/320 in DIBA and 1/680 in DAS-indirect ELISA. The strongest

reactions in DIBA were obtained when the incubation time was

extended to 18 hr.

The MCA-13 monoclonal antibody used, at a dilution of

1:5,000 in DIBA, reacted strongly with CTV isolates T3, T36,

T65a, T66a, and T67a all sharing common severe biological

properties. However, there was a slight positive reaction

with two CTV isolates, T50a and T55a, having mild biological

properties and with one isolate (T62a) known to have severe

properties. The highest dilution end point of CTV-infected

extracts which reacted with MCA-13 in DIBA and DAS-indirect

ELISA was 1/320 using an incubation time of 18 hr.

There are several advantages to using DIBA over

conventional DAS-ELISA or DAS-indirect ELISA for CTV

detection. DIBA was rapid and easy to perform and, it was as
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sensitive as either ELISA procedure evaluated for CTV

diagnosis. The entire test could be performed in 2-3 hours

using polyclonal antibodies (slightly longer with monoclonal

antibodies), and minimal laboratory equipment was needed. The

use of small containers such as the polypropylene covers for

incubation and washing steps enabled the recovery and re-use

of both virus specific antibodies and goat anti-species IgG

conjugates for at least four weeks when the solutions were

properly preserved with 0.02% sodium azide and stored at 5°C.
The template constructed from the rack of a micropipet tip

holder box enabled the uniform spacing of samples on the

nitrocellulose membranes.

One disadvantage of DIBA as compared to ELISA procedures

is the lack of quantitative measurements. However, with

appropriate positive and negative controls, DIBA can be used

reliably for routine diagnostic work where no quantitative

measurements are needed. When quantitation of CTV antigens

is required, ELISA should be used.
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