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ABSTRACT

Citrus Tristeza Virus (CTV), usually occurs in nature as a mixture of genotypes. Six naturally infected citrus
(Citrus sinensis) trees grafted on sour orange rootstock were collected from three citrus growing governorates
in Egypt (Sharqia, Qalyubia and Garbia). In this study, RT-PCR, Single-Strand Conformation Polymorphism
(SSCP) and nucleotide sequence analysis were used for four independent CTV genomic regions (p65, p18,
p20, and p23) to detect and assess the sequence and genetic variabilities among CTV Egyptian isolates. RT-
PCR products (650 bp) for the CTV p23 gene obtained from the selected isolates were used for the SSCP analysis
and DNA sequencing. SSCP patterns of p23 gene for individual isolates yielded different complex haplotype pat-
terns. Nucleotide sequence analysis of p23 region amplified from six isolates under study revealed that p23 shared
high nucleotide identity 98.7% with T36 isolate from USA, Florida. Phylogenetic analysis of p23 gene indicated a
close evolutionary relationship between all examined isolates and Qaha isolate (T36 isolate group), suggesting that
they may have originated from closely related ancestors. Nucleotide sequence analysis of the three genes located
on CTV 3′-coterminal overhang, p18, p20 and p65, amplified from isolate A3, Sharqia governorate, revealed that
the p18, p65, and p20 genes were related to the T3-KB isolate from South Africa with 99%–100% sequence
homology. Phylogenetic relationship analysis for p65, p18 and p20 ORFs clustered the current A3 isolate with
T3 genotype group. The recombination analysis identified three of six isolates from Sharqia, and Garbia as poten-
tial recombinant for p23 gene. The isolates T36 and T3 were identified as major donors for recombination events
in isolate A3. Our results concluded that p23 ORF likely to be as a hotspot region for recombination and origi-
nated through recombination event. The current study indicated that recombination is an important factor for the
origin of CTV strains in Egypt.
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1 Introduction

Citrus Tristeza Virus (CTV) is widespread in its distribution and is the most destructive and
economically important virus of commercial citrus worldwide. CTV, a member of the genus Closterovirus
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within the family Closteroviridae, is phloem limited and is transmitted by aphids in a semi persistent manner.
CTV was first reported in Qanater region, Qalyubia governourate in Egypt in 1957 [1]. CTV virions are
flexuous thread-like particles about 2,000 × 11 nm long, with a genomic RNA (gRNA) molecule and two
coat proteins (CP and CPm) coating 95% and 5% of the particle length, respectively [2]. The CTV
genome is a 19.3-kb single stranded, positive sense RNA genome that contains 12 open reading frames
(ORFs) with untranslated regions (UTRs) of 108 and 290 nucleotides at the 5′- and 3′-termini,
respectively [3]. The CTV genome has two conserved genes, the replication gene block (ORF 1a and 1b),
which are unique of this group of viruses. The 10 other ORFs, expressed through subgenomic RNAs,
encode the major and minor capsid proteins (p25 and p27), two genes expressing a heat shock protein
homolog (p65) and p61, both required for virion assembly [4]. The three genes identified as host range
genes (p33, p13, and p18) appear to have a role in stem pitting development. Certain deletion
combinations of these three genes have been shown to improve stem pitting symptoms, while others were
shown to reduce stem pitting symptoms [5]. p33 protein is necessary for effective transmission by the
aphid vector (Toxoptera citricida) [6], three suppressors of RNA silencing (p25, p20, and p23) [7,8]. The
p23 protein is an RNA binding protein and thought to play a regulatory role in the expression of other
CTV genes and could be used as a disease severity indicator [9]. The p23 protein is an important
pathogenicity factor and it is involved in symptom production in Citrus and related species [10,11]. The
p20 protein is the major component of CTV amorphous inclusion bodies [12]. CTV is unique among the
Closteroviridae in that it has a diversity of strains and defined isolates that create a wide range of
phenotypic combinations in its hosts [13]. The majority of viral isolates consist of a population of various
strains that co-infect a host and interact to create a variety of symptoms [13,14]. Seedling yellows, stem
pitting, and quick decline are three prominent host syndromes caused by CTV, the last two of which are
important problems for the citrus industry [15]. CTV and Candidatus Liberibacter asiaticus have recently
been linked to citrus decline in India, with greater incidences of 70.58% and 27.45%, respectively [16].
Because of CTV’s genetic diversity, determining the virus strains present in an area is critical for
determining control strategies. The most precise method for CTV differentiation and genetic diversity
assessment is nucleotide sequence analysis. Complete genome analysis has revealed wide variation
among CTV isolates worldwide [17,18] and classified them into six CTV genotype groups, designated as
T36, T30, VT, B165, HA16-5 and Resistant Breaking (RB) [19,20]. Several genomic loci have been
tested and described to determine the genetic variation within the CTV isolates [21–24]. The CTV
genotype strains based on ORF1a region were classified into six groups namely T3, T30, T36, T68, VT
and RB [13]. New strains have recently been proposed, including NC (aka HA16-5), S1, L1, and
M1 [25,26]. Based on CP and P18 gene sequencing, severe CTV isolates close to the T36 genotype and
moderate CTV isolates similar to the T30 genotype have recently been found in eastern Mexico and
Georgia state, USA, respectively [27,28]. Phylogenetic study based on four genomic ORFs (ORF1a, p25,
p23, and p18) has recently allowed CTV isolates to be classified into nine broad groups: RB, T36, T30,
T3, T68, VT or VT-B, HA16-5, B1, and B2 [22].

Recombination is an important evolutionary factor for the evolution and divergence of many positive
sense RNA viruses. It contributes to the diversification of plant viruses and their adaptation to new hosts,
which frequently results in the emergence of new variants and viral strains that overcome plant viral
resistance. The identification of genomic regions that are hotspots for repeated recombination is important
in understanding the supposed role of recombination in the development and emergence of new viral
strains/variants [29,30]. Recombination of viral genomes is especially significant in long-term persistent
infections, where many viral variants co-replicate in a single host, resulting in a large number of
genotypic variants, some of which may have novel host-colonizing and pathogenicity properties. As a
result, the persistent infection of numerous viral genotypes within a host organism is enough to cause
large-scale generation of viral genetic variants that could evolve into new and emerging viruses [31–33].
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To date, new strains or genome variation and recombinant isolates of CTV continue to be reported in many
countries [25,34,35].

In Egypt, however, there is scanty information on the molecular-based characterization of CTV. In 2006,
the coat protein gene (CP) of three Egyptian CTV isolates from two locations (Inshas and El Qanater)
revealed no significant differences in sequence composition. Each isolate had remarkably similar
haplotypes that clustered closely with the severe Florida strain T3 [21]. Egyptian CTV isolates from the
governorates of Qalyubia and Ismailia had their p20 and p23 genes analyzed, and the isolates shared
significant nucleotide identity with VT severe strains [24]. The complete nucleotide sequence ofa CTV
Egyptian isolate (Qaha) is available in Genbank (accession no. AY340974), but no further information
about its origin was given. As a result, in order to acquire a better knowledge of the genetic features of
CTV Egyptian isolates, in this study, we used the SSCP and nucleotide sequence analysis for four CTV
genomic region to assess the sequence and genetic diversity among CTV Egyptian isolates. The
recombination analyses were also done to better understand its population structure of variants and evolution.

2 Materials and Methods

2.1 Virus Isolates
Naturally infected citrus (Citrus sinensis (Washington and Valencia)) trees grafted on sour orange

rootstock with putative CTV decline inducing symptoms (decline, scion overgrowth, and honey-combing)
were collected from three different governorates in citrus-growing regions in Egypt. The six CTV isolates
from Egypt included in this study (Table 1) were chosen to represent CTVs that are currently spreading
under natural conditions. Isolates were maintained on Mexican lime seedlings (C. aurantifolia (Christm.)
Swing) as indicator plant in the greenhouse at 28°C. The isolates were tested against polyclonal and
Monoclonal (MCA13) antibodies specific for CTV by DAS-ELISA and indirect IDAS ELISA [36].

2.2 RT-PCR Amplification
The p23, p20, p18 and p65 genes were isolated from the phloem of the tested isolates. Total RNAwas

isolated using Total RNAMini Kit for plant (Geneaid Biotech, Ltd., Taiwan) according to the manufacturing
manual protocol. The one-step RT-PCR was performed using Verso TM one-step RT- PCR kit (Thermo
Scientific, USA) according to the instruction manual. The reaction was performed in 25 μL total volume
of amplification mixture using 12 ng of RNA and 20 μM of each PCR specific primer (Table 2). The

Table 1: The CTV isolates used in this investigation and its location (governments) in Egypt as well as the
absorbance values of CTV detection by ELISA* using polyclonal (PABs) and monoclonal (MCA-13)
antibodies

No. Isolates code Governorate Location PABs MCA13

Field trees Mexican lime
indicator seedlings

Mexican lime
indicator

1 A5 Sharqia Anshas 0.626 0.779 0.589

2 A3 Sharqia Anshas 0.570 0.812 0.748

3 Q2 Qalyubia El-Kanater 0.515 0.550 0.459

4 Q3 Qalyubia El-Kanater 0.686 0.900 0.453

5 QT Qalyubia Toukh 0.596 0.522 0.383

6 G1 Garbia Zefta 0.492 0446 0.303

Healthy lime 0.080 0.133
Note: *The ELISA absorbance values were read at wave length A405 nm.

Phyton, 2022 3



Amplification proceeded in the thermocycler (Uno) at 50°C for 15 min and 95°C for 15 min, and through
35 cycles of 94°C for 30 s and 54°C (for amplification of p65, p20 and p23 gene) and 42°C (for
amplification of P18 gene) for 45 s and 72°C for 1 min, with a final step at 72°C for 10 min. The RT-
PCR products were directly analyzed on a 1% prestained agarose electrophoresis gel using EZView stain
and the gel electrophoresis as described by Sambrook et al. [37] and then visualized by UV illumination.

2.3 Molecular Cloning and SSCP Analysis
The amplified products for the four genes were cloned in a pCR2.1-TOPO cloning vector (Invitrogen,

Carlsbad, CA, USA) according to the manufacturer’s instruction manual using ampicillin as resistance
antibiotic. The amplified products (1–2 μL) obtained from the RT-PCR and clones of selected colonies
were used for the Single-Strand Conformation Polymorphism (SSCP) analysis. SSCP analysis was
performed as antecedent represented by Rubio et al. [38] and Kong et al. [39]. Samples were resolved by
electrophoresis in 8% polyacrylamide gels at 200 volts, 4°C for 3 h.

2.4 Nucleotide Sequencing and Phylogram Analysis
The clones for each gene were sequenced in both directions using ABI PRISM DNA 377sequncer

(Perkinelmer, USA). A multiple sequence alignment was done along with 14 reference sequences from
the GenBank that represented each the internationally recognized CTV genotype (Table 3), using
DNAMAN 8.0 software (Lynnon Biosoft, Quebec, Canada). The Expasy Translate Tool (http://us.expasy.
org/tools/dna.html) was used to translate amino acids (aa). The Maximum likelihood phylogenetic tree
(ML) at 1000 bootstrap were constructed using DNAMAN software in order to compare our four
amplified regions as individual ORFs. The tree was visualised with the TreeView (Win32) Version
1.6.6 application.

Table 2: Nucleotide sequences of primer pairs used in RT-PCR assay

Primer Primer Sequence 5`-3` Product size Amplified region

CTV HSP70H F 12021 GACTTCGGTACCACGTTTTC 468 bp p65

CTV HSP70H R 12488 AAAAGCTCGTTGTAACGTGT

P20F ACAATATGCGAGCTTACTTTA 556 bp p20

P20R AACCTACACGCAAGATGGA

P23-ECO-F ATCGGATATCATGGATGATACTAGCGGACAAAC 650 bp p23

P23-ECO-R ATCGGATATCTCAGATGAAGTGGTGTTCAC

P18 a ATG TCA GGC AGC TTG GGA AAT TCA 503 bp p18

P18 b TAA GTC ACG CTA AAC AAA GT

Table 3: The Accession numbers, origin and the Homology matrix of four Egyptian CTV genomic regions
at 3′ end of isolate A3 with different 13 Citrus Tristeza Virus (CTV) isolates available in NCBI GenBank

Isolate genotype Origin Accession No. Homology matrix

p65 p18 p20 p23

T3-KB South Africa MH051719 99.6% 99.4 99.6% 90.5%

T3 Florid, USA KC525952 97.0% 97.4 98.0 89.7

T318A Spain DQ151548 92.1 92.9 96.1 91.0
(Continued)
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2.5 Detection of Recombination Hotspot
A multiple sequence alignment was together with fourteen reference CTV Isolates obtained from the

Genbank using DNAMAN 8.0 software. To determine the genomic regions that were affected by the
possible recombination events, the four isolated genes (p23, p20, p18 and p65), at the 3′end of CTV
genome, were screened with six totally different algorithms (RDP, GENECONV, MaxChi, 3Seq,
Chimeara and SiScan) implemented within the RDP3 (Recombination Detection Program version 3)
Alpha 44 program for the analysis according to RDP3 guide. Any event that supported all the five
methods with P-values ≤ 0.05 was the criteria used for positive recombination breakpoints identification.
The breakpoint position and therefore the supposed parental sequences were also determined.

3 Results

3.1 Virus Isolation
All isolates of CTV displayed CTV decline inducing symptoms. Fig. 1 indicated the scion overgrowth

and honey-combing. Mild chlorotic flecks, vein clearing, leaf cupping with only minor stunting with twig
discoloration symptom were induced on Mexican lime indicator plant as shown in Fig. 2. No stem pitting
symptom was observed either on Field tree or Mexican lime indicator plant. The isolates were reacted
positively with polyclonal (PAbs) and monoclonal antibodies (MCA-13) using DAS-ELISA (Table 1).
The infected samples showed OD values, which ranged from 0.900 to 0.446 using PAbs and 0.748–
0.303 using MCA-13. Healthy control showed OD value of 0.084 and 0.133 using PAbs and MCA-13,
respectively, as illustrated in Table 1.

3.2 RT-PCR Amplification and SSCP Analysis
The current Egyptian isolates yielded an expected DNA fragments 650 bp corresponding to p23 gene as

shown in Fig. 3B. The obtained RT-PCR products were used for the SSCP analysis. SSCP patterns of
p23 gene for each isolate displayed a complex pattern (Fig. 4A). The SSCP pattern was the same in
isolates A3, A5, and QT. Isolates Q2 and Q3 had similar SSCP profile, whereas isolates G1 had different
SSCP patterns (Fig. 4A). The amplified products for the p23 gene for isolates (A3, A5, Q2, Q3, QT and
G1) showing identical and different SSCP patterns were cloned. SSCP analysis of all P23 clones from the

Table 3 (continued)

Isolate genotype Origin Accession No. Homology matrix

p65 p18 p20 p23

VT Florida, USA EU937519 92.5 93.1 94.6 90.0

VT-ISR Israel U56902 92.3 92.3 94.1 89.7

B165 India EU076703 91.6 93.8 95.9 90.5

T68-1 India JQ965169 92.1 93.8 95.9 90.5

HA16-5 Hawaii GQ454870 91.2 89.9 88.5 89.5

NZRB-G90 New-Zealand FJ525432 91.4 92.9 90.7 88.3

SY568 California, USA AF001623 88.2 92.9 96.4 90.6

T30 Florida AF260651 88.0 92.7 91.7 89.8

Qaha Egypt AY340974 88.6 93.3 90.7 98.4

T36 Florida EU937521 89.9 93.3 90.7 98.7
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isolate A3 revealed a complicated SSCP profile similar to the corresponding RT-PCR product (Fig. 4B).
Hence, only one clone for each isolate was chosen for sequence analysis.

Figure 1: Tristeza disease caused by Citrus Tristeza Virus (CTV) in Navel orange field tree grafted on sour
orange rootstock. A: Scion overgrowth symptom, B: Honeycombing of the internal bark of Sour orange
rootstock of infected Navel orange field tree

Figure 2: Tristeza disease symptoms on Mexican lime indicator plant. A: stunting reaction of Mexican lime
(Citrus auranrifolia) indicator plant (the left seedlings are healthy plants), B: leaf-cupping symptom of
infected Mexican lime, C&D: mild vein clearing and leaf-flecking symptoms in Mexican lime leaf.
E: leaf deformation, F: xylem discoloration of Mexican lime twig
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The CTV isolate A3 from the Sharqia Governorate was chosen for further sequence analysis across the
CTV genomic regions. The genomic regions p18, p65 and p20 at 3′ prime of A3 CTV isolate (Fig. 3A) were
also amplified. The products size for the four regions of CTV isolate A3 were 556 bp for p20 gene, 468 bp for
p65, 650 bp for p23 and 503 bp for p18 gene (Fig. 3C). No amplification was obtained from uninfected plants
grown in the greenhouse. The amplified products for the p20, p18 and p65 regions for isolate A3 were cloned
and subjected to nucleotide sequencing. The SSCP pattern for cDNA clones of p20 and p18 genes each
showed the same SSCP pattern between cDNA clones (data not shown). All examined clones were
subjected for sequence analysis.

Figure 3: A: Schematic representation of the CTV genome and its corresponding putative protein products
encoded by them. Black boxes represent location of CTV ORFs examined in this study; B: 1% agarose gel
electrophoresis analysis of the RT-PCR products of p23 gene amplified from infected trees with CTV isolates.
Lane 1 corresponding to isolate G1; Lan 2: isolate QT; Lane 3: isolate Q2; Lane 4: isolate Q3; Lane 5: isolate
A3; Lane 6: isolate A5 and Lane M: 100 bp DNA ladder. C: 1% agarose gel electrophoresis analysis of the
RT-PCR amplified products from four CTV ORFs isolated from Mexican lime seedling infected with
A3 CTV isolate and corresponding to Lane1: healthy Mexican lime seedling Plant. Lane 2: p65 (468 bp);
Lane 3: p18 (503 bp) Lane 4: p20 (556 bp) and Lane 5: p23 (650 bp)

Figure 4: Single-Strand Conformation Polymorphism (SSCP) patterns of CTV-p23 gene from A, RT-PCR
products of P23 gene for the present Egyptian CTV isolates; Lane 1: isolate G1; Lan 2: isolate Q2; Lane 3:
isolate Q3; Lane 4: isolate QT; Lane 5: isolate A3 and Lane 6: isolate A5; and B, PCR amplification from
p23 clones of isolate A3
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3.3 Sequence Comparison
The sequence alignments for p23 gene of the examined isolates showed that the p23 gene with the same

SSCP pattern differed by 1 to 2 nt, except for one isolate (G1 isolate) with eight nucleotide changes and
showed nucleotide distance matrix 0.12–0.019 between all tested isolates. Multiple sequence alignments
of current CTV isolates (A3, A5, Q2, Q3, QT and G1) showed 98.1%–100% sequences homology
between each other (data not shown). The sequence comparison for p23 gene revealed that the p23 gene
have high sequence homology 97%–98.7% with Qaha and T36 isolates from Egypt and USA, Florida,
respectively. Whereas, The P23 gene of current isolates showed low nucleotide identity 85.8%–89.8%
with NZRB-G90 resistant breaking (RB) isolate, 88.4%–90.5% with T3 genotype isolates (T3 and T3-
KB). As well as 88.4%–90.0% with severe stem pitting isolate (VT and VT-ISR) and 86.5%–90.5% with
Indian HA16-5, B165 and T68-1 isolates (data not shown). All of the examined isolates had 95.8%–

100% amino acid (aa) sequence similarity for the p23 gene. While they were 93.0%–97.6% similar to the
T36 strain, they were 81.7%–86.1% aa identity to VT and T3 strains. Because of 98.1%–100% sequence
identity among all present Egyptian isolates, one isolate A3 was chosen for further sequence analysis of
the CTV isolate across the CTV genomic regions.

Positive clones of RT- PCR products (2 to 5) were obtained from the genes coding for p18 (503 nt) and
p20 (556 nt), and one clone from p65 (468 nt) at 3` half of CTV genome of isolate A3. The sequence
alignments for the clones of p20 and p18 genes showed that the sequence of the p20 and p18 genes were
almost conserved in all clones differing by 1–2 nt with average distance matrix 0.007. For p65
(HSP70 analogue) gene shared 97%–99.6% nucleotide identity with T3 isolate from Florida and T3-KB
isolate from South Africa as illustrated in Table 3, but show low nt identity 88%–88.2% with Florida
T30 and SY568 isolates (Table 3). Analyses of the p18 gene of isolate A3 revealed nucleotide identity of
99.4% with T3-KB from South Africa and 97.4% with T3 isolate from Florida, respectively. While the
P18 gene showed sequence homology of 92.3%–93.8% with all used GenBank reference isolates with the
lowest identity of 89.9% with Hawaii isolate HA16-5 (Table 3). Sequence comparison of p20 gene
showed nucleotide identity 99.6% with T3-KB from South Africa and 98% identity with T3 isolate from
Florida. It revealed sequence homology 95.9%–96.4% with SY568, T318A, B165, T68-1 and 94.1%–

94.6% with VT isolates from Israel and VT from Florida (EU937519.1). Whereas distant from other CTV
isolates, it shared 90.7% identity with NZRB-G90 resistant breaking isolate and all the T36 genotype
CTV isolates (Qaha, and T36) from Egypt, Florida and USA, respectively (Table 3). The nucleotide
sequences of the present study have been submitted in the GenBank database under accession numbers
ON035624 to ON035637.

3.4 Phylogenetic Analysis
The rooted maximum likelihood Phylogenetic tree (ML) at 1000 bootstrap were constructed using

DNAMAN 8.0 software. The bootstrap values for all tested genes were over 900. The phylogenetic tree
for the p23 gene sequence of the current isolates (A3, A5, Q2, Q3,QT and G1) clustered in T36 genotype
group and all tested isolates were closely related to T36 genotype isolates (Qaha and T36) from Egypt
and USA (Fig. 5A). The phylogenetic analysis of the p23 gene indicated a close evolutionary relationship
between the current isolates and Qaha isolate from Egypt (T36 isolate group) which might have been
originated from closely related ancestors. The rooted phylogenetic tree for p23 deduced amino acids
revealed that the present isolates were closely related to T36 protein (Fig. 5B). Whereas, phylogenetic
analysis for p65, p20 and p18 ORFs of the isolate A3 revealed that it was closely related to decline
inducing T3 genotype isolates (T3-KB and T3) and they considered the common ancestor as illustrated in
Figs. 6A–6C.
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3.5 Recombination Analysis
The detection of recombination events in present isolates was carried out in this investigation using

RDP3 v.3.44 program. Three algorithms (GENECONV, 3Seq and SiScan) of RDP3 software identified
four of six isolates A3, A5, QT and G1 with accession numbers; ON035635, ON035630, ON035629 and
ON035628 as potential recombinant for the p23 gene (Table 4). Two recombination events were detected
at nucleotide positions of 243–281 and 516–609. The isolates T36 and T3 were found to be major
parents for recombination events of the three identified isolates. In addition, the isolates T36 and T3 were
detected as the predominant major parents with percentage 99.4% and 89.9%, respectively. The mild
isolate T30 from Florida, and the (RB) resistant breaking NZRB-G90 isolate from New-Zealand were
detected as minor parents for recombination of detected isolates (Table 4). The predominant breakpoint
position was at nucleotide 243 and 281 as illustrated in Table 4. No evidence of recombination in the
p65, p18, or p20 ORFs of isolate A3.

Figure 5: Phylogenetic relationships of the present CTV isolates (A3, A5, Q2, A3, QT and G1) with other
reference GenBank isolates based on the nucleotide sequences of the p23 gene (A) and the deduce amino
acids (B)

Table 4: The recombination results using the analysis methods available in RDP3 for p23 gene of isolates
(A3, A5, QT and G1)

Algorithm detected
recombination event

Recombinant breaking point
at the nucleotide position

Major/minor parents P-value*

Geneconv 516–609 T3/T30 4.874 × 10−2

Siscan 243–281 T36/NZRB-G90 1.170 × 10−14

3SEQ 243–281 T36/NZRB-G90 2.826 × 10−1

Note: *P-value: Maximum P value that detected the evidence of recombination event (obtained by any of the algorithms in RDP3).
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4 Discussion

CTV has expanded widely in various parts of the Mediterranean basin in the recent decade, with citrus
trees infected with severe strains of the virus being documented in several countries [40,41]. CTV infection
causes various disease symptoms. CTV isolate usually falls into one or more of the general biological
symptom categories as previously identified by Hilf et al. [32]. The current Egyptian CTV isolates (A3,
A5, Q2, Q3, QT, and G1), which were selected for this study, were described as decline inducing (DI)

Figure 6: Phylogenetic tree for the present CTV isolate A3 with other reference CTV isolates based on the
nucleotide sequences for three genes. A: p18 gene, B: p20 gene and C: p65 gene, at 3` end region of the viral
genome. Maximum likelihood Phylogenetic tree (ML) was at 1000 bootstrap repetition
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isolates according to the biological symptoms. The present isolates reacted positively with polyclonal and
monoclonal antibodies (MCA-13). The MCA-13 reacts primarily positively with most severe strains [42].
For all tested CTV isolates, SSCP analysis of cDNA from the p23 CTV gene was performed to define the
population of CTV variants. SSCP patterns of RT-PCR amplicons from p23 gene for the present isolates
revealed a complicated pattern. The obtained complex SSCP pattern of p23 region of each isolate
indicates the presence of CTV-variants within a single isolate. Nonetheless, SSCP profile from p23 clones
of isolate A3 revealed a complicated SSCP profile similar to the corresponding RT-PCR product
indicating that the RT-PCR SSCP profile could be resulted from the same predominant RNA strand and
did not result from amplification of different virus populations from the same plant. Sharqia and Qalyubia
governorate isolates A3, A5, and QT showed haplotype matching, whereas Qalyubia and Garbia
governorate isolates Q2, Q3, and G1 displayed unique haplotype conformations. Despite this, the tested
isolates have a high level of nucleotide sequence similarity (98.1% to 100%) among themselves.
However, SSCP is sensitive enough to detect single nucleotide differences in rather large DNA fragments
[43]. The nucleotide sequence comparison of p23 region amplified from six isolates under study with the
GenBank reference isolates suggested that all of the sequences had a high similarity to the CTV
T36 sequence. The T36 isolate from USA, Florida considered biologically as intermediate decline
inducing (DI) strain of CTV [34,44,45]. The phylogenetic analysis revealed that the p23 gene sequences
for the current isolates (A3, A5, Q2, Q3, QT and G1) belonged to the CTV T36 genotype and closely
related to Florida T36 isolate and Qaha isolate from Egypt and they considered the common ancestor.

Because all of the examined Egyptian isolates have a high percentage of p23 sequence identity,
A3 isolate from Sharqia Governorate was chosen for further sequencing investigation of the CTV isolate
across the CTV genomic regions. The genomic regions p18, p65 and p20 at 3′ end of CTV isolate
A3 were amplified and cloned. The nucleotide sequence of three ORFs (p65, p20 and p18) from the
A3 isolate were assessed. The sequence comparison and the phylogeny analysis of the three tested genes
(p65, p18 and p20) with GenBank CTV reference strains was mentioned previously by Harper [13],
Zablocki et al. [46], Biswas et al. [34] and Ghosh et al. [22]. They revealed that the present A3 isolate
from Sharqia had high sequence identity with T3-strains and was closely related to the South Africa
decline inducing CTV isolate T3-KB and the T3 isolate from Florida that considered the common
ancestor. Meanwhile, the tested genes (p65, p18 and p20) of A3 isolate are distant from the Egyptian
Qaha and Florida T36 isolates. The sequence comparisons of p65 and p20 gene of A3 isolate from
Sharqia detected that p65 is distant from mild Florida T30 and seedling yellow SY568 isolates. While the
P20 gene revealed that the A3 isolate is related to VT, SY568, T318A, B165 and T68-1, severe isolates
with sequence homology ranged from 94.1% to 96.4%. Comparisons of sequences of four ORFs from the
3-terminal region of Egyptian CTV isolate (A3), provided additional evidence that more than one
genotype may exist within an isolate [47]. The T3-KB isolate from South Africa is severe quick decline
inducing of citrus species grafted on sour orange rootstock and it induces stem-pitting in sweet orange
[15]. The stem pitting symptom was not detected on the tested isolates, either in the field or in the
greenhouse indicator plants. According to the present result, the greenhouse and field symptoms could be
due to the p23 gene (ORF11), which is closest to the T36 genotype. The T36 strain was biologically
classified as an intermediate decline inducing (DI) strain of CTV [44]. Our findings support the theory
that the CTV p23 gene is responsible for pathogenicity and disease severity [4,34,48]. In previous
investigations by Amin et al. [21], SSCP and nucleotide sequencing investigation based on coat protein
(p25) gene of three Egyptian CTV isolates from two places in Egypt (El-Kanater and Anshas) clustered
the isolates very close to the severe strain T3 from Florida that causes rapid decline and stem pitting.
Youssef et al. [24] identified additional strains, including a VT haplotype (severe stem pitting isolate) for
samples collected from Qalyubia and Ismailia in Egypt using SSCP and nucleotide sequencing based on
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the p20 and p23 regions of the CTV genome. So, the incidence of severe isolates and their consequences for
future CTV epidemics must be considered.

Many positive RNA viruses use recombination as one of their primary strategies of development and
divergence. The identification of genomic regions that are hotspots of repeated recombination is critical
in understanding the supposed role of recombination in the development and emergence of new viral
strains/variants [29,30,49]. The recombination analysis identified four of six isolates (A3, A5. QT and
G1) from Sharqia, Qalubyia and Garbia, respectively, as potential recombinant for the p23 gene. The
T36 and T3 genotypes were found to be the major donors for recombination events. The mild isolate
T30 and the (RB) resistant breaking NZRB-G90 isolate were detected as minor parents. Our data
suggested that the CTV genome of isolates A3, A5. QT and G1 originated through recombination events
by exchanging the genetic material between Severe and mild divergent sequences. This result supports
the finding that the majority of the sequences associated with severe isolates had additional sequences
associated with mild and/or atypical isolates. The existence of the severe and/or unusual sequence types
is thought to be associated with the severe phenotype [49]. The absence of recombination events in the
other CTV genomic regions of isolate A3 (p18, p20, and p65) indicates that the p23 region sequence may
be a preferred region for potential recombination events and the prevalent isolate genotype was T3 genotype.

This result came in line with results of Sambade et al. [50,51]. On the other hand, it is inconsistent with
Biswas et al. [34] reported that most CTV isolates did not display recombination events in the CP, p20, or
p23 regions, while the majority of CTV isolates preferred recombination in the HSP70, p33, and
p6 regions. The current study indicated that recombination is an important factor for the origin of CTV
strains in Egypt. Obvious recombination patterns within the genomes of the viruses can reveal a great
deal about their biology and evolution [30,13]. In addition, this could be a useful tool for eradicating and
cross protection programs which significant to predict the mild and severe isolates.

5 Conclusion

The sequence comparison with 14 CTV GenBank reference isolates, representing each the
internationally recognized CTV genotypes showed that the amplified p23 gene was closely related to
Florida T36 isolate and Qaha isolate from Egypt. The p65, p20 and p18 genes amplified from isolate
A3 was closely related to T3-KB isolate from South Africa. The present study revealed that the SSCP
analysis is a powerful and accurate technique to estimate the CTV genetic diversity. Recombination
analysis of the p18, p20, p65 and p23 genomic regions of the isolate A3 was performed individually. The
results indicate that the p23 region sequence may be a favorable region for potential recombination
events. The current study confirm that more than a single introduction of CTV could have occurred in
Egypt over the years.
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