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ABSTRACT: The use of tolerant rootstocks and preimmunization has satisfactorily controlled losses 
associated with the Citrus tristeza virus (CTV). Several researchers have shown that CTV mild 
isolates that are selected in the same region where they are used are superior to isolates obtained 
from other areas. Thus, budwoods of 20 outstanding citrus trees were collected in north and 
northwestern Paraná state (Brazil) citrus-producing areas and established to be used in a pre-
immunization program. These budwoods were tested to evaluate the potential protection of the 
inherently present viral complex. Based on biological indexing and molecular characterization of 
the capsid protein gene by RFLP (restriction fragment length polymorphism, which indicated that 
the plants were infected with mild isolates of CTV), some of the selected plants could be used in 
a preimmunization program. These potentially mild and protective isolates were challenged with 
severe ‘Rolândia’ isolate inoculations by grafting and by the brown citrus aphid (Toxoptera citricida 
Kirkaldy) vector, which was faster in transmitting the virus. Some isolates had a better protective 
value than others, particularly when challenged with the severe CTV isolate. The SSCP (single strand 
conformational polymorphism) molecular analysis was an excellent complementary tool for monitor-
ing the performance of the experiments and the stability of the viral complex present in the plants. 
Isolate number 1, collected in the municipality of Cruzeiro do Sul (CS-1), was the most promising for 
protecting commercial Pêra sweet orange (C. sinensis L.) orchards in northern and northwestern 
Paraná. The Rolândia severe CTV isolate was stable and had a high genetic divergence among the 
severe isolates used as a control (Capão Bonito and Barão B) and all of the isolates tested.
Keywords: SSCP, RFLP, cross-protection, citrus

Introduction

In the past 90 years, citrus tristeza has been con-
sidered one of the most important citrus diseases world-
wide (Souza and Müller, 2006). Following the discovery 
that the disease is caused by a virus (Citrus tristeza vi-
rus, CTV) that is transmitted by the brown citrus aphid 
(Toxoptera citricida Kirkaldy) or by the propagation of 
infected budwood, CTV tolerant rootstocks were used 
to replace the intolerant Sour Orange (C. aurantium L.) 
as a control measure in Brazil. However, for some citrus 
species or cultivars, such as the Pêra sweet orange (C. 
sinensis L.), the most important cultivar in the country, 
this method was not efficient. Thus, cross protection or 
preimmunization studies were carried out in São Paulo 
state. The best protective isolate obtained was denomi-
nated Pêra IAC clone. 

Pêra sweet orange orchards that are severely af-
fected by CTV still exist in different citrus areas of the 
country. The risks of spreading these severe isolates 
to new areas by propagation or nursery trees are real 
and should be considered (Herrera-Isidrón et al., 2009). 
Therefore, losses can only be effectively reduced and 
prevented by an efficient system of preimmunization 
against these severe isolates (Sambade et al., 2002; More-
no et al., 2008). Recent studies point to the existence of 
severe CTV isolates in the northern regions of Paraná 
state, Brazil. These CTV isolates cause considerable loss-
es in commercial orchards, where they were indiscrimi-

nately introduced from other states, mainly São Paulo, 
by propagative material (Carraro et al., 2003; Costa et 
al., 2010). 

To some extent, the introduction of preimmunized 
materials from other areas has solved this problem. 
However, in some cases, the cross protected budwood 
from other regions did not protect the resulting trees 
(Müller et al., 1999). The best preimmunization results 
were obtained when the CTV protective isolates were 
selected in the same region where they were used. For 
example, the Citrovita clone from the Superplant Pro-
gramme behaves well in southeast São Paulo, where the 
Capão Bonito CTV complex occurs (Salibe et al., 1992; 
Müller et al., 1999). Thus, a preimmunization program 
was generated to select local mild isolates that would of-
fer good long-term protection against the severe isolates 
that impact the Pêra sweet orange. This program was 
implemented in 2003 and their results are presented in 
this study.

Materials and Methods

The first step was the selection of the mild isolates, 
which was carried out in 2003 in four Pêra sweet orange 
orchards located in the Nova Esperança (23°11'42.2" 
S, 52°12'07.0" W) and Cruzeiro do Sul (22°57'34.8" S, 
52°09'35.5" W) municipalities in the northwest of the 
state and in the Prado Ferreira (23°02'29.4" S, 51°26'42.8" 
W) and Arapongas (23°24'19.0" S, 51°25'37.6" W) mu-
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nicipalities in the northern part of the state of Paraná, 
Brazil. These areas were chosen two years earlier as the 
best in the region for citrus by a commission of citrus 
experts. Trees older than 10 years were selected, true to 
type, apparently free from diseases and abnormalities, 
vigorous in growth, and without stem pitting. In addi-
tion, trees were selected by their fruit size and histori-
cal productivity (of at least six 40.4 kg fruit boxes annu-
ally). Because the trees were very uniform in the four 
groves, budwood samples were collected in each grove 
by randomly choosing five of the best trees. A total of 20 
samples were collected. 

Budwoods were collected from bearing branches, 
which is the preferred method to start a preimmuniza-
tion program (Müller and Rezende, 2004). The collected 
budwoods were established on Rangpur lime (Citrus li-
monia Osb.) rootstocks in a greenhouse (23°23'57.8" S, 
51°57'05.3" W). In addition to the CTV, the plants were 
indexed for Citrus Variegated Chlorosis (CVC) by using 
the polymerase chain reaction (PCR). In addition, they 
were indexed for psorosis and vein enation/woody gall 
viruses and exocortis and cachexia/xyloporosis viroids 
using the appropriate indicators (Greve et al., 1991; Car-
valho et al., 2003). For biological indexing of CTV, the 
Mexican lime [C. aurantifolia (Christm.) Swing.]/Rangpur 
lime indicator combination was used. Evaluation was 
based on the vein clearing scoring intensity, vein cork-
ing, cupping of leaves and growth/vigor of the indica-
tor plant (Carvalho et al., 1997). Stem pitting symptoms 
were scored according to the diagramatic scale proposed 
by Meissner-Filho et al. (2002). On this scale, 0 corre-
sponds to the absence of pits; 1, to rare superficial pits; 
2, to a moderate number of pits; 3, to an intermediate 
number of pits (between mild and severe); 4, to many 
shallow pits with some deep pits; 5, to the covering of all 
wood by deep pits.

For the molecular characterization to determine the 
nature of the CTV isolates present in the selected plants, 
the restriction fragment length polymorphism (RFLP) 
technique was used, according to Valverde et al. (1990). 
This technique converts the fragments obtained from 
the gels to a binary matrix consisting of the presence or 
absence of bands. The genetic variability between the 
CTV isolates of the selected plants was evaluated by the 
analysis of the main components (PCA - Principal Com-
ponents Analysis) with the Canoco program in Windows 
4.5. From this matrix, a genetic divergency dendogram 
was generated based on the Euclidian distance. The gen-
eration of this dendogram was achieved using the UP-
GMA (Unweighted Pair-Group Method with Arithmetic 
Averages) for grouping in the Statistica 6.0 software.

To prepare the plants for the experiment in late 
2005, Pêra scions were grafted onto 5–7 mm diameter 
Rangpur lime rootstocks. The plants were allowed to 
grow until they reached 50 to 70 cm. The following 
treatments were used: (i) six combinations for every 
isolate were prepared for a total of 120 plants; (ii) six 
combinations of the Pêra IAC clone and six of the Cit-

rovita clone were used as mild controls; (iii) for a posi-
tive control for severe isolates, six plants were prepared 
with budwood that came from three plants located in a 
Rolândia region orchard (north of the state) that showed 
severe CTV symptoms and had identical electrophorec-
tic profiles. The same was performed for the Capão Bo-
nito CTV complex. The Barão B isolate was also used 
as a severe control because it is a standard control in 
experiments conducted in the state of São Paulo. In 
addition, the CTV isolate of the three Rolândia trees 
was used as a challenger (Rolândia isolate). The fouth 
treatment was: six virus-free Pêra plants were used as 
a negative control. In total, the experiment consisted 
of 156 plants. All plants were maintained under aphid 
proof screens.

To test the protective capacity of the selected iso-
lates, they were inoculated with the severe Rolândia 
isolate. Two challenge methods were employed: inocula-
tion by viruliferous brown citrus aphids and by tissue 
union (grafting). For the CTV insect challenge, virulifer-
ous brown citrus aphid colonies were reared in cages 
on the three Rolândia Pêra source trees. After enough 
insects were found in the caged twigs, they were cut, put 
in ice chests, and transported to the laboratory. Inocu-
lation was carried out placing twigs and/or leaf pieces 
that had a mean of 50 insects per plant in two plants of 
each treatment. After the aphids migrated to the plants, 
they were allowed to remain for 72 h in each of the two 
inoculations. A period of two weeks was used between 
inoculations to assure that the maximum challenge was 
achieved. All aphid-challenged plants were isolated by 
placing them in a cage with an aphid proof screen. At 
the end of the 72 h-period, the aphids were eliminated 
with an insecticide spray (Methidathion) and the plants 
were returned to the greenhouse. For the tissue union 
challenge, two plants of each treatment were bud in-
oculated by using two buds of the Rolândia trees that 
the aphids were reared on. The inoculated buds were 
allowed to sprout until reaching approximately 20 cm 
in length. Once the buds reached 20 cm in length, they 
were trimmed.

PCR analyses were performed at 30 days intervals 
on the negative (healthy) control challenged plants to de-
termine the effectiveness of the aphid and budding chal-
lenge inoculations. In addition, this procedure was used 
to determine the time needed for the effective distribu-
tion of the virus in the plant (taking into account the 
inoculation method). Using this method, it was possible 
to determine the best moment for collecting material for 
SSCP analysis. After demonstrating the effective coloni-
zation of the virus in the plants, materials from all of the 
experimental plants were collected for analysis. 

Total RNA isolation of the virus was conducted by 
using the Trizol reagent according to the manufacturer 
specifications (Life Technologies). The viral RNA served 
as a template for the synthesis of the first cDNA strand 
(Sambrook et al., 1989). The CPG amplification by PCR 
was carried out using two specific primers, including 
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CN119 (5’AGA TCT ACC ATG GAC GAC GAA ACA AAG 
3’) and CN120 (5’GAA TTC GCG GCT CAA CGT GTG 
TTA AAT TTC C 3’). The SSCP analyses were performed 
by following the methodology used by Corazza-Nunes et 
al. (2001). In this method, the samples were submitted 
to electrophoresis in an 8 % non denaturing polyacryl-
amide gel at 25 ˚C for 16 h at a current of 200V. The 
gel was stained with silver nitrate (Beidler et al., 1982). 
The SSCP analyses considered the number and position 
of the bands. Comparisons were established among the 
isolates of the same treatment and the Pêra IAC and Cit-
rovita mild controls and the Rolândia, Capão Bonito and 
Barão B severe controls. The healthy material was used 
as a negative control (blank) to rule out possible con-
tamination. 

The protection of the mild isolates was evaluated 
under field conditions with high inoculum pressure from 
the severe isolates. Thus, a replication of the experiment 
was established in Arapongas, North Paraná. This area 
(23°24'43" S, 51°30'58" W) is a commercial orchard 
with trees that are more than 12 years old. In addition, 
high severe isolate pressure was previously detected in 
this orchard (Carrarro et al., 2003; Müller, 2006). The 
experimental plants received the same management as 
the orchard plants. The local climate is subtropical, with 
annual mean temperatures of between 20 ºC and 21 ºC 
(Caviglione et al., 2000). Experimental evaluations were 
carried out when the plants had been in the field for 
42 months (May 12, 2009). These evaluations included 
scoring the growth, CTV symptoms, and stem pitting in-
tensity. For this evaluation, mature twigs were collected 
from the four quadrants of the plants. These twigs were 
peeled and scored based on the previously mentioned 
diagramatic scale of Meissner-Filho et al. (2002). The 
vegetative development was assessed based on the esti-
mated canopy growth, which was obtained by observing 
the height, diameter and volume of the crown [on a scale 
of 1 (minimum) to 5 (maximum)]. The obtained CTV 
symptoms data were analyzed by the SISVAR software, 
version 5.1 (Ferreira, 2011). Mean comparisons of the 
evaluated parameters were performed using the Scott-
Knott test (p < 0.05).

Results and Discussion

Confirming the visual field observations, Xylella 
fastidiosa was not detected in any of the 20 samples that 
were assessed by PCR (data not shown). Psorosis, vein 
enation/woody gall, exocortis and xyloporosys symptoms 
were not observed in the respective indicator plants in-
oculated with buds from the 20 CTV sources that were 
evaluated (observations carried out over 12 months, data 
not shown). 

CTV biological indexing data are presented in Ta-
ble 1. Symptom evaluations showed mild to moderate 
vein clearing and stem pitting in all Galego lime plants 
inoculated with budwood from the 20 candidate trees. 
The RFLP analysis of the bands generated by the cleav-

age of the Hinf I and Rsa I enzymes indicated that poly-
morphic groups existed. The cleavage by these enzymes 
generated various fragments, with a larger number of 
restriction sites for Rsa I. The dendrogram based on the 
polymorphic bands revealed three distinct groups: (i) 
group 1, formed by a Rolândia isolate that diverged from 
all of the other isolates; (ii) group 2, formed by other 
isolates used as severe controls (Capão Bonito and Barão 
B) and by the CS-1 and CS-3 isolates of the northwest 
region; and (iii) group 3, the main group, formed by all 
others isolates from the north and northwest regions and 
the Pêra IAC mild isolate (Figure 1). CS-1 and CS-3 iso-
lates had a genetic similarity with the severe controls, 
even though the symptomatic evaluation of trees grow-
ing in Northwest Paraná, where plants were previously 
found infected by a mixture of mild to moderate CTV 
haplotypes (Carraro et al., 2003; Costa et al., 2010), indi-
cated mild CTV reactions. 

An ordination diagram was constructed by ana-
lyzing the main components. 35 % of the total variance 
was explained by the two first components (component 
one was responsible for 22 % of the total variance and 
component two was responsible for 13 %). A cluster 
formed among the isolates from selected plants with the 
Pêra IAC isolate, indicating genetic proximity (Figure 1). 
Overall, the selected trees were infected with mild CTV 
haplotypes and could be used as mother trees. 

Table 1 – Results of the biological index for Citrus tristeza virus (CTV) 
of the plants selected in orchards of the North and Northwest 
regions of the Paraná state and utilized controls.

Order Cultivars Counties/ Regions Leaf 
chlorosis

Stem 
pitting

Indicator 
plant growth

NE-1 Pêra' Nova Esperança/ NW + 1.0 2.5
NE-2 Pêra Nova Esperança/ NW + 1.0 3.5
NE-3 Pêra Nova Esperança/ NW + 1.0 3.5
NE-4 Pêra Nova Esperança/ NW + 1.0 4.0
NE-5 Pêra Nova Esperança/ NW + 1.0 4.0
CS-1 Pêra Cruzeiro do Sul/ NW + 1.0 3.5
CS-2 Pêra Cruzeiro do Sul/ NW + 1.0 2.5
CS-3 Pêra Cruzeiro do Sul/ NW + 1.0 4.0
CS-4 Pêra Cruzeiro do Sul/ NW + 2.0 3.0
CS-5 Pêra Cruzeiro do Sul/ NW + 1.0 3.5
PF-1 Pêra Prado Ferreira/ N + 2.0 3.0
PF-2 Pêra Prado Ferreira/ N + 1.0 2.0
PF-3 Pêra Prado Ferreira/ N + 1.0 3.0
PF-4 Pêra Prado Ferreira/ N + 1.0 3.0
PF-5 Pêra Prado Ferreira/ N + 1.0 3.0
ARA-1 Pêra Arapongas/ N + 1.0 3.0
ARA-2 Pêra Arapongas/ N + 1.0 2.5
ARA-3 Pêra Arapongas/ N + 1.0 3.0
ARA-4 Pêra Arapongas/ N + 2.0 2.5
ARA-5 Pêra Arapongas/ N + 1.0 3.0
PIAC Pêra IAC Mild control + 1.0 3.0
CB Capão Bonito Severe control +++ 5.0 2.0
BB Barão B Severe control +++ 4.0 2.0
ROL Rolândia Severe control +++ 4.0 2.0
ML Mexican lime Healthy control + 0.0 2.0
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The PCR analyses to determine the challenging in-
oculation efficiencies were performed every 30 days. It 
was possible to detect the virus in initially healthy plant 
tissues 90 days after aphid inoculation but not in the 
bud inoculated plants, in which virus became detectable 
only after 180 days. This may be due to either because 
the virus was not transferred from the bud to the recipi-
ent plants or the virus replication occurred at lower lev-
el, not being able to be detected by RT-PCR. Total RNA 
was extracted from all plants for further analyses seven 
months after inoculation. 

The molecular analysis of the coat protein gene 
(CPG) of CTV by the SSCP technique was used to ver-
ify the stability of assayed mild protective isolates that 
were assessed. Therefore, this procedure aimed to verify 
whether the protective isolate patterns were the same or 
if the severe isolate was able to break down the protec-
tion. If the mild protective isolate pattern was the same 
after the challenge, the protective isolate was considered 
stable and maybe ought to protect the plant after the 
challenge. On the other hand, if the tested isolate was 
not stable or could not protect the plant against the se-
vere isolate, it was eliminated from the preimmuniza-
tion program. This type of analysis, in which the elec-
trophoretic profiles generated by the mild and severe 
CTV isolates are monitored during the challenge of the 
severe strain(s), was used with success by Sambade et al. 
(2002). These authors demonstrated that the differences 
found in the SSCP patterns could be used to monitor 
the evolution of a virus population in plants that were 
pre-inoculated with a mild isolate and challenged by a 
severe one. This process could be used to evaluate the 
stability of the potential protective isolate. These results 
were confirmed by the symptom analysis of the green-
house plants that were monitored for three years. Simi-
larly, Licciardello et al. (2012) explained that the initial 

biological characterization of emerging isolates and their 
genetic SSCP typing could allow them to differentiate 
between different invading CTV virions.

The profiles obtained by SSCP analyses (Figures 
2 and 3) revealed the occurrence of two to eight bands 
in the gels. These bands suggested the presence of one 
to four haplotypes in each CTV isolate. The composi-
tion or the balance of the CTV isolates within the host 
may be altered by factors such as the cultivar, the envi-
ronment and multiple aphid infections. Thus, one CTV 
isolate that induces mild symptoms when biologically 
indexed may contain severe haplotypes that only express 
severe symptoms under certain conditions (Velazquez-
Monreal et al., 2009). In many cases, the presence of a 
mild isolate does not prevent the appearance of severe 
symptoms. Therefore, following up the preimmuniza-
tion experiments for long periods of time is important 
permitting the discovery of mild isolates that have a last-
ing effect.

The electrophoretic profiles obtained from the five 
isolates in the municipality of Cruzeiro do Sul (north-
west) were complex. Two to four haplotype mixtures 
were found (Figure 2-A). Amidst the five isolates listed, 
only the isolate Cruzeiro do Sul 1 (CS-1) did not show 
alterations in the SSCP pattern. However, other isolates 
were altered after being challenged by the severe isolate 
by grafting or vector inoculation. Because several authors 
indicated haplotype selection after aphid transmission 
(Broadbent et al., 1996; Sambade et al., 2002; Moreno 
et al., 2008), it was assumed that the tissue union would 
be more effective for transmitting the challenging virus 
than the vector inoculation (Müller and Rezende, 2004). 
However, in some cases, and for the plants maintained 
under screens, the inoculation of the challenging isolate 
was more effective with brown citrus aphid. This can 
be observed for the CS-4 and CS-5 isolates (Figure 2-A). 

Figure 1 – Cluster dendrogram Unweighted Pair-Group Method with Arithmetic Averages (UPGMA) (I) and analysis of the main components (II) 
generated from a matrix of Euclidian distance, determined by the restriction fragment length polymorphism (RFLP) technique of the Citrus 
tristeza virus (CTV) isolates of the selected plants. The letters A, B, C and D (II) represent the formed groups.
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Figure 2 – Single strand conformational polymorphism (SSCP) patterns of the Citrus tristeza virus (CTV) isolates coming from selected plants 
of the indicated counties Cruzeiro do Sul (A), Nova Esperança (B), Arapongas (C) and Prado Ferreira (D), in polyacrylamide gel at 8 %. Each 
collection of six plants represent one isolate of this region and within these isolates, the numbers and letters represent the treatments, where 
B represents the plant challenged by grafting and V the plant challenged by the vector. Plants kept in aphid proof screenhouse.

Figure 3 – Single strand conformational polymorphism (SSCP) patterns of the Citrus tristeza virus (CTV) controls: Pêra IAC, preimmunized plants 
and challenged with the Rolândia severe isolate through grafting (B) or by the vetor (V) (121-126); Rolândia, severe control (127-129); Healthy 
Pêra, virus free plants challenged by grafting (B) or by the vector (V) (130-135); Citrovita clones challenged through grafting (B) or vector 
(V) (136-141); Controls: SP-B, Citrovita clone challenged by grafting; PI-B, Pêra IAC challenged by grafting; PI, Pêra IAC without challenge; 
SP, Citrovita clone without challenge; CB, Capão Bonito severe isolate; BB, Barão B severe isolate; LV, healthy plant; Rol, Rolândia severe 
isolate.
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In these isolates, the inoculation of the challenger iso-
late by the vector resulted in a band that only appeared 
consistently under these conditions (19V, 20V, 26V, 28V 
and 47V). For these isolates, the challenging inoculation 
altered the electrophoretic profiles of the viral complex 
(relative to the unchallenged ones). Thus, it is hypothe-
sized that these isolates may not be effective for protect-
ing plants from the severe isolate used as a challenger.

Electrophorectic profiles of the five isolates from 
the municipality of Nova Esperança (northwest) were 
also complex, consisting in a mixture of two to three 
haplotypes (Figure 2-B). Nova Esperança 1, 2 and 3 
(NE-1, NE-2 and NE-3) isolates had SSCP pattern altera-
tions that resulted from the challenge by graft- or aphid 
transmitted severe isolates. No electrophoretic profile 
alterations were observed in the plants for the NE-4 
and NE-5. In addition, the two isolates showed identical 
profiles for all plants, which suggested the presence of 
a common isolate that remained stable after the severe 
isolate challenge by both methods. The profile of these 
plants, however, was identical to that observed for the 
severe Barão B isolate (plant BB - Figure 3). This severe 
Barão B isolate was not evaluated under northern Paraná 
conditions. It did not induced severe symptoms possibly 
due to the tree age, to the environmental conditions of 
the northwest Paraná state, to the higher tolerance of the 
studied Pêra clone tissues or to a combination of these 
factors. 

There were distinct profiles among the isolates from 
the municipality of Arapongas. However, the ARA-3 and 
ARA-4 isolates had the same profile, which suggested a 
common isolate that was not altered by the challenging 
inoculations (Figure 2-C). ARA-1, ARA-2 and ARA-5 iso-
lates are distinct, but their profiles were not also altered 
from the challenging inoculations, which makes them 
potential candidates as protectors against the severe iso-
lates. Furthermore, the SSCP analyses from the isolate 
profiles that originated from the municipality of Prado 
Ferreira (Figure 2-D) showed similarities among three of 
these isolates (PF-1, PF-3 and PF-4). These isolates exhib-
ited profiles that were composed of two haplotypes and 
remained stable after the challenging inoculations. Thus, 
they were also considered to be potential protectants. 
The electrophorectic profiles of these isolates are identi-
cal to those of the Pêra IAC mild control. Conversely, 
the PF-2 and PF-5 isolates had a more complex profile 
that resulted from a mixture of up to four haplotypes. 
These isolates had altered SSCP patterns following the 
challenging inoculation, which indicated a possible fail-
ure in protection. 

 The expected results were obtained for the 
controls (Figure 3). The Pêra control plants, which were 
originally healthy and used to monitor the efficiency of 
the challenge inoculation either by grafting or by aphids, 
exhibited the profile of the severe Rolândia isolate di-
rectly collected in the field (Figure 3) or maintained 
under the screens (Rol). This finding demonstrates that 
the challenge inoculations were efficient. The severe 

isolate did not suffer alterations due to the elapsed pe-
riod of the experiment, and its electrophorectic profiles 
after challenge inoculations were stable in comparison 
to those of the original field trees. Conversely, in com-
parison with the preimmunized plants, inoculation with 
the severe isolate resulted in the rearrangement of the 
electrophorectic profiles and, in many cases, induced the 
appearance of new bands or the deletion of pre existing 
bands. A similar finding was verified by Sambade et al. 
(2002).

 The Pêra IAC control has been recognized as a 
stable viral complex that has a high protective capacity, 
but this complex was only partially stable in the present 
experiment and suffered SSCP band pattern alterations 
in two plants that were challenged by the citrus brown 
aphid (Figure 3, plants 122V and 124V). A similar situa-
tion was observed for the Citrovita clone. However, these 
alterations occurred in a more accentuated form than 
in the SSCP electrophorectic profile of the challenged 
plants (Figure 3). Field plants are generally infected by 
a combination of CTV haplotypes that vary in their bio-
logical properties, such as pathogenicity. The dominance 
of a haplotype determines its complex symptomatology. 
Changes in the haplotype balance may alter several as-
pects, including the pathogenicity and the transmission 
efficiency of the vector (Albiach-Marti et al., 2010; Ve-
lazquez-Monreal et al., 2009). 

Through the evaluation of the electrophorectic 
profiles generated by SSCP analysis, one can presume 
that the CS-1, ARA-1, ARA-2, ARA-3, ARA-4 and ARA-5 
isolates have good protective capacities because they do 
not suffer alterations in their electrophorectic profiles 
after being challenged with the severe Rolândia isolate. 
However, the presenting profiles are distinct from those 
of the Pêra IAC (PF-1, PF-3 and PF-4) controls and are 
different from those of the severe Barão B (NE-4 and 
NE-5) controls. Although the characterization of the 
CTV isolates by sequencing the virus’ coat protein gene 
is extensively useful, the sequence comparison of a sin-
gle gene or region may reflect differences that are only 
found in this region. As such, this technique may not 
take into account the remaining genoma (Brlansky et al., 
2003) that can hide the greater differences that are ex-
pressed in certain conditions.

The results obtained from the Scott-Knott test 
statistical analysis for stem pitting intensity, vegetative 
growth and tristeza symptomatology are consistent and 
reveal that the CS-1 and CS-5 isolates were the only iso-
lates that were superior for all evaluated parameters 
(Table 2). However, the CS-5 isolate profile was altered 
when challenged with the Rolândia isolate in the SSCP 
analysis.

The ARA-1, ARA-2, ARA-3, ARA-4 and ARA-5 
isolates did not exhibit satisfactory behavior in the 
field experiment, which shows that alterations may 
have occurred in the composition of the original com-
plex after the challenging inoculation. Sometimes, the 
behavior of these isolates was not different (p < 0.05) 
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from the Rolândia isolate (Table 2). Because the elec-
trophoretic profile of these plants before and after chal-
lenging were similar to those observed for the Rolân-
dia severe isolate, the SSCP molecular analysis of the 
CPG did not support this hypothesis. In addition, the 
CTV isolates that infect a plant are not homogenously 
distributed to all plant tissues (d’Urso et al., 2000). 
The buds used as an inoculum in the grafting process 
may not contain the entire viral complex of the do-
nor plant. Furthermore, the composition or balance 
of the CTV isolates within the host may be altered by 
the viral genome interaction, citrus host variety, envi-
ronment conditions and by multiple aphid infections. 
Thus, a CTV isolate that shows mild symptoms when 
indexed biologically may contain one or more severe 
haplotypes that could express severe symptoms under 
certain conditions (Brlansky et al., 2003; Folimonova 
et al., 2010; Roy and Brlansky, 2009; Velazquez-Mon-
real et al., 2009). 

Transmission by viruliferous aphids may segregate 
the haplotypes of the virus and modify the genetic com-
position of a given CTV isolate (Velazquez-Monreal et 
al., 2009). In fact, this process may explain the high ge-
netic variability observed under field conditions and the 

observed pathogenicity alterations (Ayllón et al., 1999; 
Brlansky et al., 2003; Velazquez-Monreal et al., 2009). 
The field experiment evaluations showed that challenge 
inoculation by tissue union with the severe isolate lead 
to severe tristeza symptoms with high stem pitting and 
leaf symptom scores and low vegetative development 
scores (Table 2). 

The transmission of CTV through the vector was 
first detected in the monitored plants. A greater number 
of plants had altered SSCP electrophorectic profiles in 
the plants inoculated by the vector than in the plants 
inoculated by grafting under screened conditions. How-
ever, these results were contradictory in the field. When 
these data were analyzed with the Scott-Knott test [p < 
0.05 (Table 3)], only the challenge inoculation by grafting 
showed significant differences for all evaluated param-
eters. In contrast, the treatments that were inoculated 
by the vector were not different than the non-inoculated 
treatments. 

Müller (1996) performed tests to study the protec-
tive effects of the mild CTV isolates in Pêra sweet orange, 
Mexican lime and Ruby Red grapefruit. They found that 
preimmunization offered long lasting satisfactory pro-
tection when the plants were exposed to natural or ex-
perimental aphid challenges. However, a breakdown in 
protection could occur when the plants were challenged 
by grafting. 

This finding is in agreement with the results found 
by Brlansky et al. (2003), in which severe strains that 
were part of a mild viral complex were transmitted by a 
vector. Inverse results were observed by Velazquez-Mon-
real et al. (2009). Additionally, using single transmissions 
by the brown citrus aphid as a tool for separation, the 
presence of severe haplotypes hidden in mild isolates 
was found in isolates derived from Australia, Florida and 
France. The genetic profiles of three Florida CTV isolates 
were studied in three citrus host species. The profiles 
of these isolates were not altered by graft transmission 
(Broadbent et al., 1996; Brlansky et al., 2003; Roy and 
Brlansky, 2009). Thus, it is presumed that the small time 
between the vector inoculation and the collection of the 
samples for the molecular analysis (in comparison with 
the exposition time of the plants in the field) leads to the 
rapid observation of the electrophorectic profiles of the 
vector challenged plants. 

Table 2 – Means observed in the field for the studied parameters of 
the groups of 6 plants that compose the isolates, submitted or 
not to challenge with the Rolândia severe isolate, through grafting 
or vector.

Evaluated parameters (Means)*

Isolate Stem pitting 
intensity

Vegetative 
development

Leaf 
symptoms

CS-1 1.25 a 4.67 a 0.25 a
PF-5 1.45 a 3.00 b 0.64 a
PF-2 1.50 a 3.00 b 0.30 a
PF-3 1.58 a 3.00 b 0.25 a
NE-5 1.60 a 3.10 b 0.50 a
NE-1 1.73 a 3.27 b 0.45 a
NE-4 1.78 a 2.67 b 0.78 a
CS-5 1.82 a 3.73 a 0.64 a
LV 1.82 a 2.82 b 1.27 a
CS-2 1.89 b 3.33 b 0.89 a
ARA-5 2.00 b 2.80 b 0.30 a
CS-4 2.00 b 4.10 a 0.60 a
ARA-1 2.00 b 3.17 b 0.50 a
ARA-2 2.11 b 2.89 b 0.33 a
SP 2.11 b 2.78 b 0.56 a
PF-4 2.20 b 3.00 b 0.50 a
P IAC 2.20 b 3.00 b 1.00 a
PF-1 2.20 b 2.60 b 0.40 a
CS-3 2.30 b 4.30 a 1.00 a
NE-2 2.36 b 2.82 b 0.64 a
NE-3 2.55 c 2.91 b 0.91 a
ARA-3 2.78 c 2.89 b 0.33 a
ARA-4 3.22 d 2.33 b 0.33 a
ROL 3.78 d 1.78 b 3.11 b
*- Means in the columns followed by different letters are different (Scott-Knott 
test, p < 0.05), CV= 32 %.

Table 3 – Observed means for the effect of the challenging inoculation 
method with the severe isolate, on the evaluated parameters: 
stem pitting intensity, vegetative development and tristeza leaf 
symptoms.

Evaluated parameters*

Inoculation method Stem pitting 
intensity

Vegetative 
development

Leaf 
symptoms

Grafting 3.02 a 2.58 a 1.81 a
Vector 1.85 b 3.09 b 0.41 b
Without inoculation 1.75 b 3.32 b 0.30 b
*- Means in the columns followed by different letters are different (Scott-Knott 
test, p < 0.05), CV= 25 %.
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Tissue union inoculation most likely allowed the 
transmission of the entire potentially mild protective viral 
complex to the preimmunized plants. However, a greater 
period of time between distribution and equilibrium may 
be required for the establishment of the viral complex 
components in inoculated plants. This longer time frame 
could result in a more precise reproduction of the original 
virus complex that was inoculated in the plant. Thus, a 
severe isolate such as the Rolândia isolate would require 
a greater period of time to become established and stabi-
lized. In addition, it would take more time for the inocu-
lated plants to express severe symptoms that point to the 
breakdown of protection. Currently, the plants challenged 
by the vector have received only part of the viral complex 
strain, which constitutes a new desinbalance complex. 
This new viral complex may multiply rapidly. However, 
with the time that elapsed in the field, this viral complex 
may occur as a re-equilibrium of the new complex that 
does not present the same severity that was observed in 
the original complex. Similar observations were found in 
the work of Sambade et al. (2002), Brlansky et al. (2003) 
and Velazquez-Monreal et al. (2009).

The CS-1 isolate, which is the most promising 
among the evaluated isolates, received high vegetative 
development score, lack of symptoms, very mild pitting 
(Table 2) in good agreement with SCCP data. It behaved 
better than Pêra IAC and Citrovita mild strain clones and 
strengthen the idea that the protecting isolates should be 
selected in the area where they will be used to achieve 
the best preimmunization results.
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