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OCCURRENCE OF SEVERE STRAINS OF CITRUS TRISTEZA VIRUS
AND CITRUS BLIGHT IN REGISTERED SCION GROVES IN THE INDIAN RIVER1
R. F. Lee,1 K. S. Derrick,1 P. McClure,2,
L. Ellis,2 and P. Rucks3
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700 Experiment Station Road, Lake Alfred, FL 33850
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Abstract. Three registered scion groves of about 1,400 trees
located in the Indian River were monitored annually for occur
rence of citrus tristeza virus inducing decline on sour orange
rootstock (CTV-ID) and citrus blight (CB) beginning in 1991.
Severe strains of CTV were detected by use of dot immunobinding assays (DIBA) and/or double antibody sandwich
indirect enzyme-linked immunosorbent assays (ELISA) using
the strain differentiating monoclonal antibody MCA-13. Trees
were assayed for CB by DIBA using antisera made against the
12 kDa blight-related protein. There was a low incidence of
severe CTV strains in the 2-3 year old scion groves, and 3
trees were positive for CB in the 1991 survey. Trees harboring
severe strains of CTV or CB were removed after the initial
survey in 1991, and mild, cross-protecting CTV strains were
graft-inoculated into the remaining trees. No additional trees
were positive for CB in 1992, and only one additional tree
was positive in the 1993 survey, but severe strains of CTV
have continued to occur. Low concentration of the severe CTV
strains as indicated by ELISA suggests the introduced mild
CTV strains are providing cross protection against the severe
strains. The grove surrounding one budwood block was sur
veyed for severe CTV and CB to determine the challenge pres
sure from adjacent areas, and 20.7% and 5.1% of the trees
contained severe CTV strains and CB, respectively.
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The budwood registration program in Florida (FBRP)
was established in 1952 with the purpose of preventing
propagation of psorosis through citrus nurseries (Norman,
1957). The program allowed for the establishment of
blocks of registered budwood trees in field locations which
could be used for registered budwood after they bore fruit
in ensure trueness of type. Buds cut from the mother trees
were used to produce budlings in nurseries.
The same year that the FBRP was established, citrus
tristeza virus (CTV) was officially recognized as present in
Florida from results by Grant (1952) using Mexican lime
indicator plants. When the FBRP program began, CTV
indexing was included as a part of the program, and trees
were removed from registered status if CTV was present.
However, in 1964 mother trees were no longer removed
from registered status as they became CTV infected (Lee
and Rocha-Pena, 1992). CTV had been recognized as pres
ent and spreading for the previous decade, but unlike
California, Brazil, Argentina and other citrus areas where
CTV was present, there was little indication that CTV was
causing tree losses in trees on sour orange rootstock in
Florida, in fact sour orange was one of the most popular
rootstock being propagated (Bridges, 1974).
The complexity and severity of CTV changed in
Florida in the decades following the establishment of the
FBRP. In the 1950s, CTV-induced decline (CTV-ID) was
noted at scattered, isolated locations in Orange county in
1956 (Knorr and Price, 1955-59), in Orange, Lake and
Seminole counties (Knorr, 1957) and in the Ft. Pierce area
(M. Cohen, personal communication). In the 1960s the
spread of CTV-ID on sour orange was noted in the Ft.
Pierce area (Bridges, 1966), but CTV did not appear to be
a problem in other areas. In 1975 a destructive outbreak
of tree loss due to CTV-ID occurred in western Orange
and southern Lake counties (Garnsey and Jackson, 1975).
A survey conducted of budwood trees being used for prop
agation on sour orange rootstocks in 1979 indicated most
sweet orange scion and about half of the grapefruit scions
were CTV infected, but biological indexing of random
samples indicated few severe CTV and/or seedling yellows
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strains of CTV (Garnsey et al., 1980). However, numerous
instances were found where budlings on sour orange
rootstock were not growing well in the early 1980s. Tree
losses in the Indian River area due to CTV-ID reached
epidemic proportions, and a similar epidemic developed
in the Southwest Florida Flatwoods citrus area (Brlansky
et al., 1986). In some individual groves, loss rates of up to
50% were incurred annually on sour orange rootstock due
to CTV (Brlansky et al., 1986). Strains of CTV-ID were
present in many registered trees, resulting in dwarfed trees
when propagated on sour orange. A biological index on
sour orange liners as indicator plants was done in 1984 on
a voluntary basis to determine the extent of budwood
mother trees infected with CTV-ID and to identify budwood source trees which could be used for propagations
on sour orange liners (Yokomi et al., 1992). It was found
that over one third of the registered budwood source trees
was infected with CTV-ID strains. The stem diameter of
budlings on sour orange containing CTV-ID strains was
less than 50% of control virus-free or mild CTV-infected
budlings.
With the recognition of the prevalence of CTV-ID st
rains present in registered mother trees and the extent of
the distribution of these CTV-ID strains throughout the
industry in Florida on CTV tolerant rootstocks, fundamen
tal changes were made in the operation of the FBRP

(Schoulties et al., 1987). Foundation trees were to be main
tained under protected conditions. Budwood increase nur
series could be used to multiply bud sources obtained from
the protected foundation trees. These increase nurseries
could be maintained for up to 24 months for cutting of
buds, and the buds would be considered registered. It was
recommended that nursery increase blocks contain both
sour orange and CTV tolerant rootstocks for growth com
parison purposes. The suggestion was made that existing
budwood trees could be inoculated with mild CTV strains
for cross protection, and these trees could be used for bud
wood if they did not react with MCA-13 monoclonal anti
body, which provides specific detection of most severe
CTV strains in Florida (Permar et al., 1990).
Citrus blight (CB) has been a continuous production
problem in Florida (Smith, 1974; Timmer et al., 1992),
currently removing about 500,000 trees annually from
production in Florida (Timmer et al., 1992). Recently a
serological assay has been developed for the detection of a
12 kDA blight-related protein present in leaves (Derrick et
al., 1992). The use of this blight serological assay permits
detection of the blight-related protein in presymptomatic
trees (Derrick et al., 1992).
This study was made to monitor the incidence of CTV
and CB in 3 different field budwood mother blocks in the
Indian River citrus area.

Materials and Methods

Scion blocks. The Hobe block, located near Hobe Sound,
was planted February 2, 1988 and has 5 rows with a total
of 410 trees, including 82 trees in a buffer row which were
included in this study. The B4 block, located south of Ft.
Pierce, was planted on March 17, 1988 and has 12 rows
with a total of 588 trees, including 196 trees used for seed.
The B11 budwood block, located west of Ft. Pierce, was
planted on June 13, 1989 and has a total of 369 trees inProc. Fla. State Hort. Soc. 106:
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eluding 84 Fallglo trees on a buffer row which were in
cluded in this study.
Assays for CTV and blight. Samples were collected annu
ally in January, February or March from each scion block.
Five leaves from around the tree canopy were collected
from each tree, paper clipped together and labelled with
row and tree number with a marking pen, and placed in a
plastic bag. The samples were kept on ice and transported
to the laboratory where they were kept at 4 C until pro
cessed, usually within 2 weeks.
The sap was extracted from the collected leaf samples
using a leaf roller. The collected sap was centrifuged for
10 minutes in a microcentrifuge. Two ul of the supernat
ant was spotted and dried on a nitrocellulose membrane
for DIBA for CTV. A 200 ul aliquot of the supernatant
was diluted in 800 ul PBS buffer (PBS = 8mM Na2HPO4,
14 mM KH2PO4, 15 mM NaCl, pH 7.4) and used for
ELISA for CTV. The remainder of the sample was incu

bated at 37 C overnight, centrifuged 10 minutes in the
microcentrifuge, and 2 ul aliquots of the supernatant spot
ted onto nitrocellulose membranes for DIBA for CB assay
(Derrick et al., 1992).
The monoclonal antiserum specific for the 12 kDa pro
tein associated with CB was used in the DIBA for detection
of blight (Derrick et al., 1992). Positive or questionable
positive samples were confirmed by western blot analysis
(Derrick et al., 1992).
The DIBA for CTV-ID was performed using the

method of Rocha-Pena et al. (1991). The double antibody
indirect (DASI) ELISA method described by Permar et al.
(1990) was used to detect CTV-ID strains; plates were
coated with polyclonal antibody 1052 at 2 ug/ml and
monoclonal antibody MCA-13 was used at the recom
mended dilution as the secondary antibody to detect CTVID strains. Goat anti-mouse IgG conjugated with alkaline
phosphatase (Sigma) was used to recognize the secondary
antibody.

When the trees surrounding the Hobe scion grove were
surveyed for presence of CTV-ID and CB, all trees were
assayed including young replants, older replants, and orig
inal trees.

Inoculation of mild CTV strains. Mild CTV strains T26,
T30, T49, T55, and a mixture of T26, T30 and T55 were
selected for use in the scion groves based on previous field
experiments which suggests these isolates may provide
cross protection against CTV-ID strains in Florida (Yokomi
et al., 1991; Rocha-Pena, 1990; Rocha-Pena et al., 1991;
Lee and Brlansky, 1990; Lee, unpublished). Sweet orange
trees on sour orange rootstocks which had been inoculated

with the mild CTV strains and maintained under screen
or in greenhouses were used as the source of mild CTV
inoculum for the trees in the scion groves. Trees used as
sources for mild CTV strains were assayed by double anti
body sandwich ELISA (Bar-Joseph et al., 1979) to verify
presence of CTV, by DASI ELISA with monoclonal anti

body MCA-13 to confirm the absence of CTV-ID strains,
and by the blight DIBA to confirm lack of the 12 kDA
blight related proteins. Inoculum used for graft transmis
sion of mild CTV strains was collected only from sweet
orange plants having high ELISA values in DAS ELISA,
and negative tests for CTV-ID and CB. Four bark patches
or leaf pieces were graft inoculated into 4 separate scaf
folds on the northern side of each field tree. Graft inocu
lations were made in Feb-April, 1991. Inoculum survival
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was checked 3-4 weeks later to make sure at least 2 of the
4 grafts per tree were still alive.

HOBE SCION GROVE

Results

During the initial survey in 1991, CB and CTV-ID were
found in low incidence. Three trees located in the B4 scion
grove were found to be positive for CB, but no CB was
found in the other 2 scion groves. At the Hobe scion grove,
7 trees were positive for presence of CTV-ID strains (Fig.
1), but no trees were found at the B4 or Bl 1 scion groves.
All trees infected with CB or CTV-ID were removed, and
the remaining trees were inoculated with mild CTV strains
for cross protection.
In February 1992, the scion groves were again surveyed
for presence of CTV-ID and CB. At the Hobe scion grove
only 3 trees contained CTV-ID stains (Fig. 1). At the B4
scion grove, 26 trees were positive for presence of CTV-ID
(Fig. 2); 2 sweet orange, 5 grapefruit, 3 mandarin selec
tions, and 16 were seed source trees. No CTV-ID was
found in the Bl 1 scion grove. No CB was found in any of
the scion groves. All trees infected with CTV-ID strains
were removed.

The March 1993 survey of the scion groves revealed
one tree positive for CB, a Hamlin tree in the Hobe scion
grove (Fig. 1) and a large number of trees infected with
CTV-ID strains. There were 76, 118, and 62 trees infected
with CTV-ID strains at the Hobe scion grove (Fig. 1), B4
scion grove (Fig. 2) and Bll scion grove (Fig. 3), respec
tively. Considering the total number of trees in all 3 scion
groves, 9.2% of the sweet orange scions, 18.9% of the man
darin scions, 19.0% of the grapefruit scions, and 32.2% of
the seed source trees were infected with CTV-ID strains.
There was a total of 256 trees which reacted with MCA-13
antibodies in the DASI ELISA, but only 29 of these trees
were strongly reactive (0.30 or greater OD405nm units)
while the rest of the positive trees were between 0.20 to
0.10 OD405nm units. The healthy plants and plants infected
with mild CTV strains used as controls on each ELISA
plate ranged from 0.023 to 0.043 OD405nm units while
plants containing CTV-ID strains used as positive controls
on each ELISA plate ranged from 1.30 to 1.70 OD405nm
units. Of the 29 trees which reacted strongly with MCA-13
antibodies: 11 trees were in the Hobe scion grove (all sweet
orange scions), 17 were in the B4 scion grove (2 sweet
orange scions, 6 grapefruit scions, and 9 rootstock seed
source trees), and 2 were Ambersweet trees in the Bll
scion grove.

In July and August, 1993, a survey was made for CTVID strains and CB in the 5,000 trees surrounding the Hobe
scion grove. The trees in the grove surrounding the Hobe
scion grove are 25-yr-old Valencia sweet orange on sour
orange rootstock. In the 2,500 trees on the east side of the
scion grove, 22.8% of the trees were positive for CTV-ID
while 18.5% of the 2,500 trees were positive on the west
side of the scion grove. The blight incidence in the 5,000
trees was 5.1%.
Discussion

In these 3 young scion groves, only 4 trees were found
to have the CB related protein, 3 trees in the 1991 survey

Figure 1. Planting map of the Hobe Sound scion grove. Tree spaces
marked with 1, 2, or 3 were found to be infected with CTV-ID strains in
the February 1991, February 1992, or March 1993 survey, respectively.

The ° indicates the tree found with CB in the March 1993 survey,

and one additional tree in the 1993 survey. The signifi
cance of this remains to be determined on young trees, but
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et al., 1990; Rocha-Pena et al., 1992) or strain specific
cDNA probes (Pappu et al., 1993), been available to
monitor the multiplication of CTV-ID strains in cross pro
tected plants. By using the monoclonal antibody MCA-13
in DASI-ELISA and DAS-ELISA with polyclonal anti
bodies, it is possible to estimate the relative replication of
both mild and CTV-ID strains in a cross protected plant
(Rocha-Pena, 1990; Rocha-Pena et al., 1992). Using this

B4 SCION GROVE

#645 BECKER CITRUS NURSERY

l-*-M-W-«-C

■ •

S-797

cms,, ..«

■ -3-

V-»-f-li-l-

; s.3 • 3

'

11-*J

3

(«TC-tt-I-*-C)

«5o

'o

•3-3'3-33'3' -33-3- • ■-t -.J«1

.3 .

,

, O .

.

.

. o .

,

,:

<Z333- ■•:'"s—3::i ! '33333 ' •|8''333i|^33x-f333:333"23*3 • 3- • -,^3.;, =: •
- \S^: rrrr^T-r^ . . .^ • • ;.:33i^22^333333332-- 3333 «
^'2'>JI'2' "^ "2' -2 e<^:"2*-*• • • • -•«• — "•"33333332n32l"'323t-2

52'"3333• :.2 3

"^y1.'".'. . . "33333323< —'—"- '•'"

"

Figure 2. Planting map of the B4 scion grove. Tree spaces marked
with 2 or 3 were found to be infected with CTV-ID strains in the February
1992 or March 1993 survey, respectively. No trees were infected with
CTV-ID strains in the 1991 survey.

older asymptomatic trees usually develop blight symptoms
within 6-24 months after the CB-related protein is found
by DIBA (Derrick et al., 1992). With 5.1% of the surround
ing trees positive for CB at the Hobe scion grove, there is
also a continual reservoir of CB inoculum. Monitoring will
be continued for occurrence of CB in these scion groves
and in some budlings originating from these and other
budwood sources.
Mild strain cross protection is defined as the phenome
non which occurs when a mild strain of a virus is intro
duced into a plant, and that plant is later challenged with
a severe strain of the same virus, symptoms of the severe
strain of the virus are not expressed (Lee et al., 1987).
Florida mild strains having cross protection against CTVID strains have been chosen empirically based on visual
evaluation of tree performance in areas where natural
challenge with severe CTV strains occurs, or where the
challenge has been made by artificial inoculation with
known CTV-ID strains. Only relatively recently have
molecular tools, such as the monoclonal antibody MCA-13
which reacts preferentially with CTV-ID strains (Permar
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Figure 3. Planting map of the Bll scion grove. The large black dots
indicate trees infected with CTV-ID strains after the survey conducted in
March 1993 for CTV-ID strains and CB.
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approach with cross protected plants, the mild cross pro
tecting isolate does not prevent the multiplication of the
severe strains upon challenge inoculations, but the relative
concentration of the severe strains are greatly reduced. In
instances where the mild strain does not cross protect, the
severe strain multiplies at a higher rate than the mild st
rain, and symptoms of the severe strains are expressed
(Rocha-Pena et al., 1992). In field surveys of trees on sour
orange rootstock, the CTV decline condition may be pre
dicted by this same approach using DAS-ELISA with
polyclonal antibodies and DASI-ELISA with MCA-13
monoclonal antibody. When both DAS-ELISA and DASIELISA have high OD values, suggesting high multiplica
tion of the severe CTV strain, the trees are usually declin
ing or will decline in the near future (Lee, unpublished).
The high incidence of CTV-ID strains in these 3-4 year
old scion groves is alarming. The survey of the 5,000 trees
surrounding the Hobe scion grove indicated a large reser
voir of CTV-ID strains present in the immediate area with
20.7% of the trees infected with CTV-ID strains. It is ap
parent that CTV-ID strains are being moved into these
blocks by the aphid vectors already in the state. Florida will
soon have a much more efficient vector, Toxoptera citricida,
which will greatly increase the challenge pressure due to
CTV-ID strains in the field located scion groves (Lee et al.,
1992).
The decision was made to introduce mild, cross protect
ing CTV into budwood scion groves to purposefully dis
tribute cross protecting CTV strains through budwood
propagation prior to the establishment of T. citricida in the
state. There is a misconception that introduction of mild
cross protecting CTV strains into scion budwood trees will
prevent or slow the invasion of CTV-ID strains. While this
study did not include a scion grove which was not inocu
lated with mild CTV strains, the increased incidence of
CTV-ID in 1993 in these groves indicates that aphid trans
mission of CTV-ID into scion groves presents a serious
problem.
There are some data which suggest mild strain cross
protection is working in some of these scion grove trees:
A) As discussed earlier, having high ELISA values in the
DAS-ELISA with polyclonal antibodies and very low values
in DASI-ELISA with MCA-13 suggests the multiplication
of CTV-ID strains is being reduced (Rocha-Pena, 1990;
Rocha-Pena et al., 1992). In the ELISA assays of the scion
groves from the 1993 survey, most of the DASI-ELISA
values using MCA-13 were low (0.1-0.2 OD405nm units
range) and only 29 out of 256 plants that reacted with
MCA-13 had ELISA values greater than 0.3 OD405nm
units. B) Previous observations suggest that mild cross pro
tecting strains offer the greatest degree of protection when
used in the host or cultivar from which they were originally
selected (Lee et al., 1987). All of the Florida mild isolates
selected thus far have been collected from sweet orange
hosts. In evaluating the incidence of CTV-ID strains, only
9.2% of the sweet oranges were MCA-13 positive, as con-
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trasted with 32.2% of the seed source trees, 19.0% of the
grapefruit, and 18.9% mandarin and tangerines.
While the incidence of CTV-ID strains was less in the
sweet orange scions than the other scions, it seems proba
ble that aphids inoculated these trees at the same rate as
the seed source trees or other varieties. This suggests that
the cross protecting CTV strain may reduce the multiplica
tion of the CTV-ID strains to the point where they are not
recognized by MCA-13 monoclonal antibodies. Thus,
there is a risk that of some of the budlings propagated
from these cross protected trees which contain CTV-ID
which could cause production problems. This masking of
severe strains has been reported to occur naturally in Spain
(Moreno et al., 1993) and under experimental conditions
in Florida (Yokomi et al., 1987). This masking or hiding
of CTV-ID strains by cross protecting mild strains does
not mean that mild strain cross protection is not a useful
management strategy for control against CTV losses and
to extend the economic life of citrus groves. In fact, mild
strain cross protection is one of the few management tools
which can be immediately employed in Florida to reduce
CTV losses as potentially useful strains have been iden
tified (Yokomi et al., 1991; Rocha-Pena, 1990; Rocha-Pefia
et al., 1991; Rocha-Pena et al., 1992; Lee and Brlansky,
1990). However, the inherent weaknesses of mild strain
cross protection must be recognized and precautions taken
to guard against them. Precautions, such as keeping scion
groves under screen to prevent aphid introduction of CTVID strains and implementation of a mandatory budwood
certification program with required indexing to ensure no
propagation of CTV-ID strains, would help minimize
economic losses due to CTV in Florida.
If mild strain cross protection is being considered as a
management strategy for CTV, these points should be con
sidered:
A)

Mild strain cross protection is not a form of virus resist
ance, rather it is a management strategy to extend the
economic life of a grove.
B) Not all mild strains offer cross protection.
C) If using mild strain cross protection, use a known strain
shown to have cross protecting ability by field research.
D) Use pure mild strains which remain stable in biological
activity after repeated aphid transmissions and bud
transmissions.
E) Budwood trees with pure mild isolates should be pro
tected from aphids by maintenance under greenhouse
or screenhouse conditions.
F) Be keenly aware that cross protecting strains can mask
or hide the presence of CTV-ID strains. If CTV is
knowingly going to be propagated, it would be better
to propagate a mild strain that has shown a stable mild
symptom expression during cross protection evalua
tion testing and laboratory characterization rather than

unknown CTV strains which have been determined to
be mild only by their lack of reactivity with MCA-13
monoclonal antibody.
With the imminent threat of invasion by the efficient
aphid vector of CTV, T. citricida, the resultant more rapid
spread of CTV-ID strains in the state, and the possible
appearance of CTV strains which will cause stem pitting
in grapefruit and/or sweet orange scions regardless of the
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rootstock used, it is important that more information be
developed to better understand cross protection.
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Abstract. Toxoptera citricida, the most efficient aphid vector
of citrus tristeza virus (CTV), has moved rapidly northward
from South America to Nicaragua in Central America and to
Hispaniola, and now Cuba, in the Caribbean Basin. This poses
a serious threat to citrus in this region, including the United
States, especially if T. citricida is carrying the severe quick
decline and/or stem pitting strains of CTV known to occur in
South America. New techniques have enabled the cloning
and sequencing of the CTV genome, development of CTV st
rain specific nucleic acid probes and production of polyclonal
and monoclonal antibodies, now without the necessity of
purifying the virus. Control methods being studied include
mild strain cross protection, selection of CTV tolerant citrus
genotypes and development of CTV resistant genotypes by
conventional plant breeding, and genetic engineering
through the introduction of CTV genes into citrus to produce
transgenic plants. This increased knowledge and capability
will facilitate a more rapid and accurate detection and
characterization of CTV strains and possibly some ameliora
tion of the impact on the Florida citrus industry caused by the
probable arrival of T. citricida and new strains of CTV.

Tristeza, caused by citrus tristeza virus (CTV), is the
most economically important virus disease of citrus in the
world (Bar-Joseph et al., 1989; Lee and Niblett, 1992). It
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is predicted to soon reach a new level of importance and
destructiveness and threaten the 300 million citrus trees in
the Caribbean Basin countries due to the influx from
South America of high populations of Toxoptera citricida
Kirkaldy, the most efficient aphid vector of CTV, possibly
carrying new severe strains of CTV (Lee et al., 1992, 1993;
Roistacher et al., 1991; Yokomi et al., 1993). The most
damaging strains of CTV cause quick decline (QD) of sci
ons on sour orange rootstock or stem pitting (SP) of grape
fruit, limes and orange scions on all rootstocks (Garnsey et
al., 1987). The QD strains are already endemic in Florida
(Brlansky et al., 1986) and are being transmitted by Aphis
gossypii, a common, but less efficient vector of CTV (Lee et
al., 1992; Yokomi et al., 1993). The SP strains have not yet
been reported affecting commercial citrus in Florida, but
they may already exist as "sleeping strains" in citrus
germplasm and old lines such as Meyer lemon introduced
into Florida prior to initiation of the Florida Citrus Budwood Registration Program in 1952 (Lee et al., 1992). The
more efficient transmission of existing severe strains of
CTV and the introduction of additional severe strains by
T. citricida pose significant threats to the Florida citrus in
dustry. We report here some of the progress being made
to further characterize and control CTV. For additional
information on CTV and T. citricida , see Gottwald et al.,
Lee et al., and Yokomi in this volume.
CTV is the largest plant virus known. Its genome is
comprised of a single-stranded, positive sense RNA of
about 20,000 nudeotides (Bar-Joseph et al., 1989). This is
three times larger than the average plant virus and may in
part explain the existence of such great diversity in strains
of CTV. The RNA genome of the virus was cloned as com
plementary DNA and the nucleotide sequence of portions
of the genome was determined. Sequencing of the approx
imately 7,000 nucleotides of the 3' end of the genome
revealed the presence of eight open reading frames poten
tially encoding, in the 5' to 3' direction, proteins of 65, 61,
27, 25, 18, 13, 20 and 23 kilodaltons (kDa) (Pappu et al.,
1994). The 25 kDa protein was identified as the coat pro
tein (CP) (Sekiya et al., 1991). Comparisons of the coat
protein genes (CPG) of geographically and biologically
diverse strains of CTV showed about 90% homology and
indicated that the coat protein (CP) sequences of the mild
CTV strains (T4, T26, T30, and T55) are more closely
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