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Abstract

Northeast (NE) India is known to produce different kinds of citrus species. Citrus tristeza virus (CTV), brown citrus aphid
(Toxoptera citricidus) transmitted closterovirus, is a major problem to cause citrus decline in this region. CTV has destroyed
more than one million of citrus trees in India. CTV contains flexuous filamentous particles (2000 x 11 nm) and positive
sense sSRNA genome of about 19.3 kb having 12 ORFs encoding about 19 proteins. The survey was made in different citrus
orchards of Assam to study the disease incidence and genetic diversity of CTV. Several citrus samples were collected from
Citrus reticulata cvs Khasi, Kinnow and Nagpur mandarin; C. sinensis cvs Sweet orange and Valencia orange; C. limon cv.
Assam lemon; C. jambhiri cv. Rough lemon, of three citrus Farms of Assam; HRS farm, AAU, Guwahati; CEC, Kamrup
Rural; and URF, AAU, Jorhat. Different kinds of symptoms like decline, chlorosis, yellowing and poor growth with stunting
of citrus trees were observed in these orchards. Based on Direct antigen coated-enzyme link immunosorbent assay (DAC-
ELISA) and Polymerase chain reaction (PCR) it was found that incidence CTV ranged from 40.9 to 85.54% and the overall
incidence of 65.7% was estimated. Twenty-one isolates of CTV, designated as CTV-Asm 1 to CTV-Asm 21 were collected
from different locations and characterized based sequence analysis of 404 nt fragment of 5’ORF1a gene of CTV genome.
The pair-wise sequence analysis showed 92—100 nt identity among the present CTV isolates. Phylogenetic tree analysis seg-
regated the present isolates into two genogroups; of which 16 isolates clustered into one genogroup along with the decline
CTV strain VT/Kpg3, and the remaining isolates into another genogroup along with Indian CTV isolate AR-1. Intra-farm
genetic diversity among CTV isolates were observed in citrus orchards. The present study revealed that decline inducing
CTV genotype VT/Kpg3 is prevalent in citrus growing areas of Assam of NE India.
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Introduction RNA genome of 19.3 kb comprising 12 open reading frames

(ORFs) potentially encoding at least 19 proteins (Karasev

Citrus tristeza virus (CTV), a phloem-limited, flexuous,
filamentous longest known plant viruswith particle-size of
2000 % 11 nm, belonging to the genus Closterovirus (Fam-
ily, Closteroviridae), contains positive sense single stranded
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et al. 1995; Bar-Joseph et al. 2002; Biswas et al. 2019). CTV
is one of the major causes of citrus decline in most of the
citrus growing countries in the world and it infects nearly all
the citrus species and their cultivars and relatives (Rocha-
Pena et al. 1995; Lee and Bar-Joseph 2000). Till date, CTV
has killed about 100 million citrus trees worldwide including
about one million trees in India ((Bar-Joseph and Dawson
2008; Ahlawat 1997). Biologically, CTV differs in intensity
of symptoms induced in different citrus species and its heir
aphid transmissibility (Hilf et al. 2005).

CTYV has diversity of phenotypes; decline, stem pitting,
seedling yellows, vein clearing, vein flecking and vein cork-
ing (Lee and Bar-Joseph 2000; Dawson et al. 2013). Under
field conditions, CTV infected citrus trees do not always
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produce visible symptoms. Thus, suitable detection tech-
niques based on enzyme linked immune-sorbent assay
(ELISA), polymerase chain reaction (PCR) and nucleotide
sequence analysis of virus genes have been developed for
quick diagnosis and estimation of genetic diversity of CTV
(Clark and Bar-Joseph 1984; 1993; Rubio et al. 2001; Bis-
was 2008; Martin et al. 2009; Tarafdar et al. 2013; Biswas
2010; Biswas et al. 2012a; Palchoudhury et al. 2017).

CTYV has exhibited a wide range of genetic diversity in
the natural environment and existence of several genetically
divergent CTV isolates have been reported from many cit-
rus growing countries (Manjunath et al. 2000; Lee and Bar-
Joseph 2000; Brlansky et al. 2003). Analysis of complete
genome of several CTV isolates has determined and classi-
fied the CTV worldwide into seven genotypes, namely, VT,
T36, T30, T3, B165, RB and HA16-5 (Roy and Brlansky
2010; Biswas et al. 2012a; Harper 2013). Extensive genetic
diversity in CTV genotypes has been reported from time to
time from citrus growing regions of India (Biswas 2010;
Biswas et al. 2012a, b; Roy et al. 2005; Sharma et al. 2011;
Singh et al. 2013; Palchoudhury et al. 2017). Recently, based
on the analysis of CP gene and 5' ORF1a gene fragments of
about 105 CTV isolates collected from all the citrus grow-
ing geographical regions of India, occurrence of seven to
nine CTV genotypes have been determined (Palchoudhury
et al. 2017).

Tristeza was shown to be one of the most important dis-
eases in citrus growing areas of India (Raychaudhury et al.
1977). It is a century-old problem and widely distributed
in all the citrus growing regions of India infecting almost
all the citrus species (Ahlawat 1997; Biswas 2008, 2010;
Sharma et al. 2011; Biswas et al. 2014). In India, CTV
causes leaf yellowing, growth cessation, stunting with poor
fruit quality, and ultimately decline of the commercially
grown citrus species cultivated in India (Chakroborty et al.
1992; Biswas 2008; Biswas et al. 2014). CTV is spread pri-
marily through infected planting material and horizontally
transmitted through several aphid species in a semi-persis-
tent manner in India; of which brown citrus aphid (BrCA)
(Toxoptera citiricidus) is the most efficient vector (Capoor
and Rao 1967; Raychaudhury et al. 1977; Biswas 2008). A
single aphid can transmit several CTV genotypes simultane-
ously in the plant (Biswas et al. 2004).

CTV exhibits a wide range of disease incidence of
26.3-60% in citrus growing region of India (Biswas et al.
2014); 26.3% in the Central, 47.1-56.0% in the Northeast
(NE), 36-50% in the South and 16—-60% in the North and
Northwest India Biswas et al. 2014). Although NE India has
ideal climatic conditions for citrus cultivation and produces
several economically important citrus fruits with commer-
cially important fruits Khasi mandarin (Citrus reticulata).
However, citrus productivity in this region is far below and
citrus industry is un-remunerative. One of the prime factors
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for this dwindling productivity of Khasi mandarin is citrus
decline caused by CTV. Majority of the Khasi mandarin
orchards are infected by CTV (Biswas et al. 2014; Tarafdar
et al. 2013; Palchoudhury et al. 2017). As the cultivation of
Khasi mandarin become non-profitable day by day, the farm-
ers are compelled to abandon the citrus cultivation. Newly
established citrus orchards also get affected by this disease
very fast as infected planting materials are used and subse-
quently horizontally transmission by BrCA into new areas.
Therefore, it is time to rejuvenate the mandarin orchards
in NE India through intervention of biotechnological tools,
and thereby to address the challenge being faced by citrus
growers. Management is dependent upon prevention and
reduction of virus inoculum in the field that can be achieved
by use of disease-free or resistant citrus plantlets through a
sound seed certification program. Under this context, efforts
have been made to study the molecular epidemiology and
determination of the status of CTV prevalent and identifica-
tion of dominant strain in NE India, which in turn will help
to rejuvenate Khasi mandarin industry in NE India.

Materials and methods
Survey, collection and maintenance of CTV isolates

Survey was made in three farms of Assam State: Horticul-
ture Research Station (HRS), Kahikuchi, Guwahati; Center
of Excellence for Citrus (CEC), Kamrup (Rural) and Univer-
sity Research Station (URS), Assam Agricultural University
(AAU), Jorhat to study CTV incidence and collection of
samples. CTV does not show visible and distinguishable
symptoms in the infected citrus plants under field conditions.
Thus, the citrus trees showing poor and stunted growth with
decline syndrome were considered to be apparently CTV-
infected trees. Twigs of these citrus trees from each of the
orchard of the farms were collected and brought to labora-
tory for detection and molecular assays.

Detection of CTV by Direct antigen coated-enzyme
linked immuno-sorbent assay

Direct antigen coated enzyme linked immuno-sorbent assay
(DAC-ELISA) developed by Clark and Bar-Joseph (1984)
and used earlier in India (Biswas 2008; Tarafdar et al. 2013)
was followed to detect CTV in the infected samples using the
antisera obtained from the Advanced Center for Plant Virol-
ogy (ACPV), ICAR-Indian Agricultural Research Institute
(IARI), New Delhi-110012. CTV is predominantly phloem-
limited and thus, plant parts like barks, petioles, veins and
veinlets containing phloem tissues were taken as source of
virus extraction for DAC-ELISA. The virus titre in infected
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samples was measured using optical density (OD) values of
the samples at 405 nm in ELISA reader.

Reverse transcriptase-PCR, cloning and sequencing
of genomic regions of CTV isolate

Total plant RNA was isolated from tender bark tissues using
SV total RNA isolation system (Promega, Madison, USA).
The first strand cDNA was synthesized using M-MLV-
Reverse transcriptase (Promega, Madison, USA) using the
method standardized by Biswas (2010). The virus sequences
were amplified by polymerase chain reaction (PCR) using
the forward primer KLM488 F and reverse prime KLM
491R targeting ~404 nt fragments of 5’ ORF1a gene of CTV
genome. The amplicons were purified using QIA quick PCR
Purification Kit (Qiagen, Maryland), cloned into T&A clon-
ing vector (RBC, UK) and grown in E. coli DH5a strain
using standard method. The clones of viral DNA were
sequenced outsourcing by vector derived M 13 forward and
M13 reverse primers in an automatic sequencer (ABI 3011,
Chromous Biotech Pvt. Ltd., Bangalore, India). Two clones
of each isolate were sequenced and consensus sequences
were considered for further analysis.

Sequence analysis

The corresponding sequences of International and previ-
ously reported Indian CTV isolates were used for sequence
comparison of the present CTV isolates. The multiple
sequence alignments were carried out using the software
Clustal W, version 1.6 (Thompson et al. 1997). Maximum
likelihood phylogenetic tree were constructed using software
MEGA 6.0 (Tamura et al. 2015). Sequence identity matrix
was generated using Sequence demarcation tool (SDT) ver-
sion 1.2 (Mubhire et al. 2014). The putative recombination
events were identified using recombination- detecting pro-
gram (RDP4) version 4.55 implementing seven algorithms,
RDP, GeneConv, Bootscan, MaxChi, Chimera, SiScan and
3SEQ (Martin et al. 2015) using default parameter values for
the different detection programs. When the same recombina-
tion events were detected by more than two algorithms, they
were considered to be evidence of putative recombination.

Results and discussion

Survey, symptomatology and collection of infected
citrus samples from Assam

Three citrus farms of Assam, namely, HRS, Kahikuchi;
CEC, Kamrup (Rural); and URF, Jorhat growing seven cit-
rus cultivars, C. reticulata cvs Khasi Mandarin, Kinnow,
Nagpur mandarin and Daisy Mandarin; C. sinensis cvs

Sweet and Valencia orange; C. limon cv. Assam lemon;
C. jambhiri cv. Rough lemon; were surveyed. Under field
conditions, majorities of the citrus trees in the orchards of
these farms showed poor growth with chlorosis of leaves.
Decline symptoms along with stunted growth were com-
monly observed in the most of the farms surveyed (Fig. 1a).
Citrus samples (twigs) from each farm were collected and
brought to the laboratory for diagnosis and molecular assays.
Earlier, a general decline symptoms along with chlorosis,
poor and stunted growth of the mandarin tree in majority
of the orchards of the NE India including Assam caused by
CTV has also been reported (Tarafdar et al. 2013; Biswas
et al. 2014; Palchoudhury et al. 2017). The BrCA (T. citrici-
dus), the predominant insect vector of CTV was observed in
plenty in citrus orchards of URF, AAU, Jorhat. In NE India
prevalence of BrCA is very common (Biswas 2008; Tarafdar
et al. 2013) and the horizontal spread through BrCA expos-
ing multiple CTV infection to the citrus trees is the potential
cause of higher incidence of CTV in NE India.

Detection of CTV and estimation of disease
incidence

Altogether 70 samples from all the seven citrus cultivars
under four Citrus species (Table 1) were collected from three
citrus farms of Assam; HRS, Kahikuchi; CEC, Kamrup
(Rural) and URF. DAC-ELISA results showed that majority
of the citrus samples collected from these farms of Assam
were infected by CTV showing OD values of 2—4 folds
(Table.1). Khasi mandarin samples in URF, Jorhat showed
threefold higher virus titre, whereas Khasi mandarin sam-
ples from HRS, Kahikuchiand CEC Farm, Kamrup (Rural)
showed 1.5-2.1 fold higher virus titre compared to healthy
control. Rough lemon samples of all the three farms showed
maximum virus titre (OD value, fourfold). Nagpur manda-
rin, Kinnow mandarin, Daisy Mandarin, Sweet orange and
Valencia sweet orange of CEC Kamrup (Rural)showed very
lowtitre value (Table.1).

Based on DAC-ELISA, the incidence of CTV was esti-
mated and the overall incidence was estimated to 65.7%;
however, the higher CTV incidence up to 85.54% was
found in URF, Jorhat followed by 71.4% in CEC Farm,
Kamrup (Rural) and 40.9% in HRS, Kahikuchi. For con-
firmation of the infection by CTV, DAC-ELISA positive
citrus samples were subjected to PCR test using univer-
sal primers KLM 488F and KLM 491R targeting the
amplification 5’ ORFla gene fragment (404 nt) of CTV
(Fig. 1b). The ELISA positive samples showed PCR posi-
tive reaction showing the amplification of desired length
of PCR amplicons in all the samples tested. The present
finding showed that per cent tree infection by CTV in the
three orchards surveyed was very high as 48.9-85.4%. It
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Fig.1 (A) Khasi Mandarin orchards in different farms of Assam;
(a) Horticulture Research Station (HRS), Kahikuchi, Guwahati; (b)
Center of Excellence for Citrus (CEC) Farm, Kamrup (Rural) dis-
trict and (c) University Research Farm (URS), Assam Agricultural
University (AAU), Jorhat. (B) Agarose gel electrophoresis showing
PCR amplification of on 5'ORF la fragment (404nt) of Citrus tris-
teza virus (CTV) of Assam. Lanes M:1 kb ladder;+: positive con-

was found that CTV incidences in same citrus varieties
or same citrus species in different locations were varied
from one location to other location. This situation might
be is occurred due to use of uncertified citrus planting
materials or transmission efficiencies by brown citrus
aphid. Although, occurrence of effective aphid vector in
NE India is common (Biswas 2008; Tarafdar et al. 2013)
but present of efficient aphid may vary in place to place.
Moreover, differences of CTV incidence in same species
in different locations occur due to randomly use of dis-
ease free or infected planting materials depending on the
availability. Earlier, occurrence of the CTV disease was
reported from Assam and other NE Indian staes through
biological indexing (Raychaudhury and Sharma 1970;
Bhagabati et al. 1989), DAC-ELISA and PCR (Biswas
2008; Borah et al. 2014; Kashyap et al. 2015; Biswas et al.
2014). CTV incidence of 48.2-60% (Biswas 2008; Kishore
et al. 2010; Biswas et al. 2014; Palchoudhury et al. 2017)
in the Darjeeling and Sikkim hills of NE India has been
reported. Based on survey of three citrus species, Khasi
mandarin, Assam lemon and Rough lemon, CTV incidence
of 41.37-59.05% in Arunachal Pradesh, Meghalaya and
Nagaland were reported earlier (Kashyap et al. 2015).
Thus, previous (Biswas et al. 2014; Kishore et al. 2010;
Palchoudhury et al. 2017) and the present studies show
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trol (CTV infected Kagzilime plant maintained in greenhouse), —:
Healthy control (pooled samples of healthy Kagzilime, Sweet orange
and Darjeeling mandarin plants maintained in greenhouse); (a) Lane
1-3: three CTV samples of CEC Farm, Kamrup (Rural) District; (B)
Lane 4-6: three samples of HRS Farm, Assam Agricultural Univer-
sity (AAU), Kahikuchi, Guwahati; Lane 7-9: three samples of URS
Farm, AAU, Jorhat

that incidence of CTV is very high in citrus growing areas
of NE India.

Molecular cloning and sequencing of CTV genes

Citrus samples those were CTV positive through DAC-
ELISA were considered to be different CTV isolates of
CTV of different citrus farms of Assam. Altogether 21 CTV
isolates randomly were designated as CTV-Asml to CTV-
Asm 21 and they were taken for molecular characteriza-
tion based on sequence analysis 5'ORF1a gene fragment of
404 nt length of CTV genome. The PCR products of desired
length were obtained from all the present CTV isolates. Of
these, the PCR products of 12 isolates, CTV-Asm 1, 3, 5,7,
9,11, 13, 15,17,19, 20 and 21were cloned and remaining
products were sent directly for sequencing by outsourcing
(ABI 3011, Chromous Biotech, Bangalore). The clones of
12 CTV isolates were confirmed by standard colony PCR.
Two positive clones from each CTV isolate were sent for
sequencing by outsourcing. The consensus CTV sequences
were identified, aligned and analyzed.

Sequence analysis of CTV isolates

In the present study, pair-wise sequence analysis using
5'ORFla gene fragment of the present 21 isolates, the



Indian Phytopathology (2022) 75:853-861

857

Table 1 Disease incidence of Citrus tristeza virus in citrus growing areas of Assam and source of the virus isolates and its genetic characteriza-

tion
District Location Host Symptoms O.D. value (fold No. of pl infected/  Isolates Genogroup
increase)! No. of pl tested based on Seq.
(%)* analysis
Guwabhati HRS farm, AAU, Khasi Mandarin Chl, Dec  0.50-1.32(0.7-2.1) 4/12(33.3) Asm 1  Kpg3/VT/K5
Kahikuchi, Guwa- Asm?2 AR-1
hati Asm3  Kpg3/VT/K5
Rough Lemon PG 0.70-2.50(1.1-3.9)  5/10 (50.0) Asm4 AR-1
Asm5 AR-1
Total 9/22 (40.9) Asm6 AR-1
Jorhat URF farm, Assam Khasi Mandarin Pg, Chl 0.90-2.00 (1.4-3.1)  8/9 (88.8) Asm7 AR-1
Agril University, Asm8  Kpg3/VT/K5
Jorhat Rough Lemon St, PG 1.20-2.69 (1.8-4.2)  9/11(81.8) Asm9  Kpg3/VI/KS
Total 17/20 (85.0)
Kamrup rural CEC farm, Bamuni- Khasi Mandarin PG, Chl 0.79-0.99 (1.2-1.5) 4/7 (57.1) Asm 10 Kpg3/VT/K5
gaon, Kamrup Rura Asm 11 Kpg3/VT/KS
Asm 12 Kpg3/VT/K5
Kinnow Mandarin Chl 0.85-0.98 (1.3-1.5)  2/4 (50.0) Asm 13 Kpg3/VT/K5
Asm 14 Kpg3/VT/K5
Nagpur Mandarin VY,Chl 0.74-0.96 (1.1-1.5)  4/4 (100.0) Asm 15 Kpg3/VT/K5
Asm 16 Kpg3/VT/K5
Daisy Mandarin Chl 0.65-0.73 (1.0-1.1)  0/3 (0.00) Asm 17 Kpg3/VT/K5
Sweet Orange Chl, Pg 0.80-0.89 (1.2-1.4)  3/3(100.0) Asm 19 Kpg3/VT/K5
Valencia Sweet Chl, Pg 0.72-0.78 (1.1-1.2) ~ 4/4(100.0) Asm 20 Kpg3/VT/K5
Orange
Rough Lemon Pg 0.78-2.40 (1.2-3.7)  3/3(100.0) Asm 21 Kpg3/VT/K5
Total 20/28(71.4)
Grand Total 46/70(65.7)

HRS: Horticulture Research Station; CEC: Center of Excellence for Citrus; URF: University Research Farm; PG: Poor growth; Chl: Chlorosis;
St: Stunting; Dec: Decline symptoms; 'parenthesis shows titer fold; *parenthesis shows percent disease incidence

previously reported Indian and international CTV isolates
showed overall 80-100% nt identities among them. A range
of 78-99% nt identity were observed amongst the present
Indian CTV isolates (Fig. 2), whereas 84-100% nt identity
were observed amongst the present and previously reported
Indian CTV isolates.

In the phylogenetic tree analysis, all the present 21 CTV
isolates segregated into two genogroups (Fig. 3); of them,
16 isolates clustered into one genogroup along with recog-
nized CTV genotype VT/Kpg3, and the remaining isolates,
CTV-Asm 2, 4, 5,6 and 7 clustered into another genogroup
along with previously recognized Indian CTV isolate AR-1.
Overall, based on 5°’ORF1la gene fragments, the Indian and
International CTV isolates included in the present study
segregated into 10 genogroups/genotypes. Thus, the present
study showed that except one genogroup T36, CTV isolates
from all the other nine CTV genogroups occur in India.

Earlier, Tarafdar et al. (2013) analyzed CTV isolates
of Assam-Meghalaya based on 5’ORF1la gene and identi-
fied five genogroups; the Assam isolates clustered into four

genogroups, VI/Kpg3 (severe), HA16-5 (recombinant),
AG26 and AR-1; whereas, the Meghalaya isolates into two
genogroups, VI/Kpg3 and T30 (mild). Palchoudhury et al.
(2015) reported occurrence of two CTV genogroups VT/
Kpg3 and AG 28/HA16-5 in the Khasi mandarin orchards of
Manipur. Palchoudhury et al. (2017) reported occurrence of
three CTV genogroups, VI/Kpg3, T3 and K10/B165 in the
Darjeeling and Sikkim hills based on analysis of 5’ORFla
gene. Analyzing the 5’ORF1a gene of several CTV isolates,
Biswas et al. (2012a, b) reported occurrence of overall eight
CTYV genotypes in India, where four genotypes, VI/Kpg3,
K5, T30, and B165 occurred in the Darjeeling hills. The
present study showed that majority of the CTV isolates
of Assam are decline inducing CTV strain Kpg3/VT. The
distinct CTV genotype AR-1 also occurs in this region,but
its specific biological reaction is not known. The previous
(Biswas et al. 2012a, b; Tarafdar et al. 2013) and the pre-
sent study revealed that diversified CTV genotypes occur in
citrus growing areas of NE India including Assam, Kpg3/
VT strain is most prevalent in this region. Therefore, it is
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Fig.2 Colour-coded pair-wise percent nucleotide identity matrix
of Citrus tristeza virus isolates based on sequences of 5'ORFla
gene fragment; Each colour cell represents a percent identity score
between two CTV isolates (one indicated horizontally to the left and

concluded that the decline inducing CTV strain Kpg3/VT
is the major threat to the citrus industry in Assam and NE
India.

Intra-farm genetic diversity among CTV isolates

In the present study, intra-farm genetic diversity among
CTYV isolates in the individual citrus farm of Assam was
estimated. When the present six CTV isolates, CTV-Asm
1 to CTV-Asm 6, all of HRS farm, Kahikuchi were ana-
lyzed based on 5'ORF1a sequences, it was found that they
clustered into two genotypes. The isolate CTV-Asm 1 and
3 were under Kpg3/VT genotype; whereas CTV-Asm 2,
4, 5 and 6 under AR-1 genotype indicating two different
CTYV genotypes are present in the HRS farm. Interestingly,
the Khasi mandarin orchard in the same farm showed two
different CTV genotypes Kpg3/VT, and AR1 (Table 1).
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the other vertically at the bottom), A coloured key indicates the cor-
respondence between pair-wise identities and colours displayed in the
matrix

Similarly, two CTV genotypes, Kpg3/VT and AR1 were
also detected in citrus of URF, Jorhat. Intra-farm genetic
diversity among CTYV isolates in the individual citrus farm
has also been reported earlier (Sharma et al. 2011; Bis-
was et al. 2012a, b). Occurrence of three distinct CTV
genotypes in the experimental farm, [CAR-Indian Agri-
cultural Research Institute (IARI), New Delhi has also
been reported (Sharma et al. 2011). Biswas et al. (2012a,
b) reported occurrence of two different CTV genotypes,
Kpg3/VT genotype and B165 genotype at citrus farms of
ICAR-IARI, Regional Station (RS), Kalimpong and Indian
Institute of Horticulture Research, Bangalore; VT and T30
genotypes at citrus farm at ICAR-IARI-Regional Station,
Pune. The previous (Sharma et al. 2011; Biswas et al.
2012a, b) and the present study revealed that intra-farm
diversity among CTV genotypes are common in citrus
growing individual farm in India.
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Fig.3 Phylogenetic relation-
ships among Citrus tristeza
virus isolates using maximum
likelihood parameter (1000
bootstrap) based on sequences
of 5’ORF1la gene fragment

of CTV genome; The present
isolates are highlighted in bold
font and genogroups are marked
in the right panel of the figure;
VT, T36, T30, T3, T68-1,
RB-G90 and HA16-5 are the
representative isolates of seven
International recognized geno-
types; Others are Indian isolates
characterized earlier
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Recombination analysis

To identify the recombination events, sequences of 5’ORFla
gene fragment of all the present CTV isolates were analyzed
using recombination-detecting program, RDP4. The RDP4
detected CTV-Asm 18, 19 and 21 as recombinants with
a breakpoint positioned at 337-88 nt supported by maxi-
mum probability, p=1.882x 107 detected by SiScan, and
7.208 x 107! by 3Seq algorithm (Table 2). CTV isolate T3
was major and CTV-Asm14 was minor parent for recombi-
nation of these CTV isolates. Evidence for recombination
events in the origin of divergent CTV isolates has been doc-
umented earlier in India (Sharma et al. 2011; Biswas et al.
2012a, b; Tarafdar et al. 2013; Singh et al. 2013).

100 BAN-2
L BAN-2 FBAN36/RB-GYO

In conclusion, determination of genetic diversity, identifi-
cation and distribution of variants in citrus growing regions
of India are essential in understanding the molecular epide-
miology of CTV. Additionally, the sequence analysis and
establishment of phylogenetic relationship among large
number of CTV isolates will lead to develop improved diag-
nostics and detection of specific CTV genogroup designing
specific primers targeting conserve sequences of the par-
ticular genogroup, and design molecular-based management
strategy using RNAI targeting conserved sequence of the
virus. Present study also showed that most of the mandarin
orchards in NE India suffer from citrus decline and disease
incidence is as higher as 40.9-85.54%. Intra-farm genetic
diversity of CTV are also common. The present study
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Table 2 Recombination events
in 5" ORF1la gene fragment
sequences of Citrus tristeza
virus isolates detected by
recombination-detecting
program RDP4

Recombinant Isolate Donor (Major/Minor) Breakpoint Algorithm Average P-Value
Present isolates
Asm18 T3/Asm14 337-88 nt SiScan 1.882%x107%
3Seq 7.208x 107!
Asm19 T3/Asml4 337-88 nt SiScan 1.882x 1078
3Seq 7.208 % 107!
Asm21 T3/Asml4 337-88 nt SiScan 1.882x107%
3Seq 7.208% 107!
Asm5 T3/HA16-5 176-403nt SiScan 1.847 %1070
Asm6 T3/HA16-5 63-381 nt SiScan 1.847 %1070
Asm7 T3/HA16-5 176-403 nt SiScan 1.847x 1072

SiScan and 3Seq are two algorithms implemented in the recombination-detecting program RDP4; P -Value
that detected the evidence of recombination event (obtained by any of the algorithms in RDP4)

revealed that VT/Kpg3 which is decline inducing strain of
CTV is dominant in citrus growing areas of Assam. As CTV
disease spreads primarily through infected planting mate-
rial and then secondarily by brown citrus aphid, supply of
disease-free plantlets and keeping the orchards free from
aphid with regular inspection are essential to maintain the
citrus industry viable and profitable in NE India.
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