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Abstract
An investigation was carried out to identify and characterize the phytoplasma and viruses associated with the chickpea varie-
ties showing severe stunting, leaf reddening, yellowing and phyllody symptoms during the summer season of 2018–2019 and 
2019–2020 in eight states of India. The average disease incidence was recorded from 3 to 32% in different states. The presence 
of chickpea chlorotic dwarf virus (CpCDV) was confirmed in thirty-seven chickpea samples by amplification of CpCDV coat 
protein gene and sequence comparison analysis. No record of association of luteovirus, polerovirus and cucumovirus could be 
detected in any of the symptomatic chickpea samples by RT-PCR assay. Brassica nigra, B. juncea, Lens culinaris, two weeds 
(Heteropogan contartus, Aeschynomene virginica) and one leafhopper (Amarasca biguttula) were identified as new putative 
hosts for CpCDV. Association of peanut witches’ broom phytoplasma was confirmed in twenty-eight chickpea samples, Sesamum 
indicum, five weeds hosts and two leafhopper species (Exitianus indicus, Empoasca motti) using nested PCR assays with primer 
pairs P1/P7 and R16F2n/R16Rn. The results of phytoplasma association in plants and leafhopper samples were further validated 
by using five multilocus genes (secA, rp, imp, tuf and secY) specific primers. Sequence comparison, phylogenetic and virtual 
RFLP analysis of 16S rRNA gene and five multilocus genes confirmed the identity of association of 16SrII-C and 16SrII-D 
subgroups of phytoplasmas strain with chickpea samples collected from Andhra Pradesh (AP), Telangana, Karnataka, Madhya 
Pradesh, Uttar Pradesh and New Delhi. Mixed infection of phytoplasma (16SrII-D) and CpCDV was also detected in sympto-
matic chickpea samples from AP and Telangana. The reports of association of 16SrII-C subgroup phytoplasma in chickpea and 
16SrII-D subgroup phytoplasma in C. sparsiflora and C. roseus are the new host records in world and from India, respectively.

Keywords Multilocus gene · PCR assay · Cicer arietinum · Mastrevirus, 16SrII-C, 16SrII-D Phytoplasma subgroups · 
Leafhopper vector

Introduction

Chickpea (Cicer arietinum L.), known as bengal gram, 
belongs to family fabaceae and is cultivated in more than 
50 countries of Asia, Europe, Australia, North America and 

South America. The highest productivity of 4,770.82 kg/ha 
is recorded in Israel followed by China, Uzbekistan Yemen 
and Egypt, whereas India’s average productivity is only 
935.34 kg/ha (Merga and Haji 2019). In India, chickpea is 
grown almost in all parts of the country mainly as a rainfed 
crop (68% area). During 2018–2019, chickpea production 
in India has been estimated to be about 10.09 million tons, 
which is about 43% of the total pulse production (23.22 
mt) in India. Madhya Pradesh (MP), Rajasthan, Maharash-
tra, Uttar Pradesh (UP), Andhra Pradesh (AP), Karnataka, 
Chhattisgarh, Bihar and Jharkhand states contribute more 
than 95% of the total chickpea production in the country. 
The area, production and productivity of chickpea in India 
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have been growing at significant rate during the past decade 
(Anonymous 2019).

Chickpea is affected by many biotic stresses (ascochyta 
blight, botrytis gray mold, dry rot, phyllody, stunt, wilt, 
etc.) and abiotic stresses (cold, drought, heat, salinity, etc.) 
(Singh et al. 1993). It is estimated that chickpea suffers on 
an average loss of 25–30% due to various biotic and abiotic 
stresses. Among major biotic stresses, chickpea stunt is a 
leading disease caused by different groups of viruses, e.g., 
cucumovirus, mastrevirus and polerovirus, and is reported in 
many chickpea growing countries worldwide (Akram et al. 
2016; Abraham et al. 2006; Chalam et al. 1986; Kanakala 
et al. 2013; Kanakala and Kuria 2019). The major symp-
toms reported by different workers associated with stunt 
disease include leaf reddening and stunting in desi-type and 
leaf yellowing in kabuli-type along with browning of vas-
cular tissues in collar regions. In early stage of the crop, 
diseased plants show more severe stunting symptoms (Nene 
and Reddy1987; Kanakala and Kuria 2019; Shreenath et al. 
2020).

Chickpea stunt disease (CpSD) was first documented 
in Iran and showed the association of bean leaf roll virus 
(BLRV) and chickpea chlorotic dwarf virus (CpCDV) (Kai-
ser 1972). Later, CpCDV was confirmed and characterized 
with spring and summer CpS disease in Syria (Kumari et al. 
2004) and in India (Reddy et al. 1979; Horn et al. 1993). Dif-
ferent luteoviruses were also reported to cause stunt disease 
in chickpea worldwide, for example, subterranean clover red 
leaf virus (SCRLV), beet western yellows virus (BWYV) 
in California (Bosque-Perez and Buddenhagen 1990; Horn 
et al. 1993) and BLRV and BWYV in Spain (Carazo et al. 
1993). A new chickpea chlorotic stunt virus (CpCSV) strain 
of the genus Polerovirus was identified to infect chickpea in 
Ethiopia causing yellowing and stunting symptoms (Abra-
ham et al. 2006).

Although the different groups of viruses are identified as 
a causal pathogen of CpSD worldwide, CpCDV was recog-
nized as the major virus prevailing across the Indian sub-
continent, Middle East and North Africa (Horn et al. 1996; 
Kanakala and Kuria 2019). CpCDV was reported to be 
transmitted by Orosius orientalis and O. albicinctus (Horn 
et al. 1993, 1996; Kumari et al. 2004). CpCDV was later 
reported to affect chickpea and other legume crops in Aus-
tralia, Egypt, Iraq, Iran, Oman, Pakistan, Sudan, Syria and 
Yemen (Kanakala and Kuria 2019). Although CpCDV has 
been reported as a major virus associated with CpSD, the 
presence of luteovirus and cucumovirus is also documented 
from India (Kanakala et al. 2013; Shreenath et al. 2020).

Phytoplasma association has also been described with 
CpSD. Chickpea phyllody disease is reported to be caused by 
16SrII-D subgroup phytoplasma strain from Pakistan, Oman, 
Australia, Myanmar and Sudan (Akhtar et al. 2008; Al-Saady 
et al. 2006; Saqib et al. 2005; Reddy et al. 1991). In India, 

phytoplasma association with chickpea phyllody was first 
reported from Tamil Nadu state of India (Venkataraman 1959; 
Kandaswamy and Natarajan 1974). Average yearly estimated 
yield loss of ~ 15% was reported in chickpea varieties due to 
phyllody diseases in India (Ghanekar et al. 1988). The phyto-
plasma strain associated with chickpea phyllody was reported 
to be transmitted by O. albicinctus in Pakistan (Akhtar et al. 
2009). The incidence of phytoplasma associated with chick-
pea has been reported increasing throughout major chickpea 
growing areas of India (Pallavi et al. 2012; Akram et al. 2016; 
Shreenath et al. 2020).

Consistent occurrence of chickpea wilt and stunt disease 
causes serious yield loss to the chickpea crop every year in all 
major chickpea growing areas of India (Malathi and Kanakala 
2017). But no detailed study has been performed to record the 
CpSD incidence in major chickpea production areas of India 
along with the identity of pathogen(s) involved. In the present 
investigation, an attempt was made to investigate the distribu-
tion, occurrence and pathogens associated with chickpea stunt 
disease in eight states of India along with the possible sources 
of their natural spread.

Material and methods

Survey and collection of plant samples

A roving survey was conducted in farmer’s fields and chickpea 
experimental plots at ICAR Research centers and Agriculture 
University campuses in eight chickpea growing states of India 
(AP, Telangana, Karnataka, MP, Gujarat, Rajasthan, UP and 
New Delhi) during summer season of 2018–2019 and in three 
states (AP, Telangana and New Delhi) during summer season 
of 2019–2020. In total, 12 districts in 8 states were surveyed 
which included two districts each in AP (Kadapa, Kurnool), 
UP (Kanpur, Meerut), MP (Indore, Jabalpur), Rajasthan 
(Udaipur, Ganganagar), and one district each in Telangana 
(Ranga Reddy), Karnataka (Dharwad) and New Delhi (IARI, 
Research fields) for chickpea stunt and phyllody disease. In 
each chickpea field, a plot area of 5 × 5 m was selected and 
the total number of healthy and symptomatic plants showing 
leaf reddening, stunt and phyllody symptoms was recorded 
and the percent disease incidence was calculated. Three spots 
were randomly selected in each field, and the mean of disease 
incidence was calculated in individual field/experimental plots.

The per cent disease incidence was calculated by averag-
ing the incidence of three spots at each location by using the 
formula.

Percent disease incidence =
No. of plants infected

Total no. of plants
× 100
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The overall average disease incidence in a particular dis-
trict was calculated by taking the mean of disease incidence 
calculated in all the fields.

Symptomatic chickpea plants were collected from dif-
ferent survey locations. Weeds and nearby growing crops 
in and adjoining chickpea fields showing suspected virus 
and/or phytoplasma symptoms were also collected. Non-
symptomatic chickpea, other crops and weeds samples were 
also collected from each surveyed locations, which were 
used as PCR negative controls. All the weed species were 
taxonomically identified from Agronomy Division of IARI, 
New Delhi. All the collected plant samples were packed in 
polythene bags and kept in deep freezer at − 80 °C for PCR/
RT-PCR analysis.

Collection and identification of insects

The leafhopper and aphid species feeding on chickpea plants 
of surveyed fields were collected from AP and New Delhi 
using yellow sticky traps and sweeping nets. Collected leaf-
hoppers/aphids were carefully stored in plastic vials at 4 °C 
in 70% ethanol for further identification and PCR analysis. 
The collected insects were submitted to Division of Ento-
mology, IARI, New Delhi, for identification.

Detection of CpSD‑associated viruses

DNA isolation from plant and insect samples

Total genomic DNA was isolated from the symptomatic 
and asymptomatic plant samples using Qiagen DNeasy 
plant mini kit (Germany) as well as from the whole body 
of insects using Qiagen blood tissue kit (Germany) as per 
manufacturer protocol from different surveyed locations and 
used as a template for PCR assays.

Identification of leafhopper species by PCR assay using 
COX1 gene

For the identification of leaf hopper species, PCR amplifi-
cation of partial mitochondrial COX I gene (Cytochrome 
Oxidase I, COI) was performed using HCO and LCO primer 
pairs (Folmer et al. 1994). The major leafhoppers/plant hop-
pers/aphid species identified in the study collected from AP 
and New Delhi were analyzed for presence of virus/phyto-
plasma by specific PCR/RT-PCR assays.

Identification of DNA viruses (mastrevirus) by PCR assays

A set of partial coat protein (CP) specific primer pair 
(MCPF/MCPR) was used to identify the CpCDV (Kanakala 
et al. 2013).

Identification of RNA viruses (luteoviruses, poleroviruses 
and cucumovirus) associated RT‑PCR assays

RNA isolation from plant samples RNA was isolated from 
symptomatic and non-symptomatic leaf samples of chick-
pea and other plants species by using QIAGEN RNeasy 
Plant Mini Kit as per manufacturer description.

RT‑PCR assay Reverse Transcription PCR (RT‑PCR) 
assays for cucumovirus, luteovirus and polerovirus 
detection

cDNA synthesis was performed by using a Verso cDNA 
synthesis Kit (Thermo scientific). The cDNA was used for 
PCR amplifications of BLRV using the primer pair BLRV-3/ 
BLRV-5 (Ortiz et al. 2005), cucumber mosaic virus (CMV) 
using the primer pair CPF/CPR (Shreenath et al. 2020) and 
Lu1 + Eco side/Lu4 + Eco primer pair for the plant viruses 
belonging to the family Luteoviridae (Robertson et al. 1991).

Identification of phytoplasma by PCR assays

The extracted DNA was amplified for 16S ribosomal DNA 
with phytoplasma specific universal primer pair P1/P7 
(Deng and Hiruki 1991; Schneider et al. 1995) followed 
by nested primer pair R16F2n/R16R2 (Gundersen and Lee 
1996) from the plants and insects.

Amplification of five multilocus candidate genes (secA, 
rp, secY, imp and tuf) were employed by the utilization of 
primer pairs: secA (SecAfor1/SecArev3 followed by nested 
PCR primers SecAfor5/ SecArev2) (Hodgetts et al. 2008; 
Bekele et al. 2011), rp (rp(II)F/rp(I)R1A followed by semi-
nested PCR primers rp(II)F2/ rp(I)R1A) (Martini, 2004), 
secY (SecYF1(II)/SecYR1(II) followed by semi-nested 
PCR primers SecYF2 (II)/SecYR1 (II)) (Lee et al. 2010), 
tuf genes (EF-Tu) (TUF-II-F1/TUF-II-R1 followed by 
semi-nested PCR primers TUF-II-F2/TUF-II-R1) and imp 
gene (IMP-II-F1/IMP-II-R1 followed by semi-nested PCR 
primers IMP-II-F2/IMP-II-R1) (Al-Subhi et al. 2018).

Nucleotide sequencing

At least two recombinant clones and/or direct PCR ampli-
fied products were sequenced directly in both directions 
using the same set of primers as for the PCR amplification 
at Eurofins Genomics Pvt., Ltd., Karnataka. The pair-wise 
sequence comparison analysis was done through BLAST 
analysis. The original forward and reverse sequence data 
of each test samples were edited, aligned and assembled 
with CLC Genomics Workbench 12.0 (https ://www.qiage 
nbioi nform atics .com/) and sequences of the representative 
strains were deposited in GenBank (NCBI, Bethesda, MD, 
USA) data library and accession numbers were received.

https://www.qiagenbioinformatics.com/
https://www.qiagenbioinformatics.com/
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Phylogenetic analysis

Nucleotide sequences of different representative virus and 
phytoplasma groups were retrieved from GenBank and were 
aligned with virus and phytoplasma sequences available in 
GenBank using CLC Genomics Workbench 12.0 (https:// 
www. qiagen bioinformatics.com). Phylogenetic trees were 
constructed using the neighbor-joining method for phyto-
plasma and maximum likelihood for virus with MEGA 6.0 
software (Kumar et al. 2016) using 1000 bootstrap replica-
tions. Sequences of tomato leaf curl Palampur virus (ToL-
CPalV) were used as an outgroup to root the phylogenetic 
trees of CpCDV partial coat protein gene, whereas Achole-
plasma laidlawii (Acc. no. AB680603) was used as an out-
group to root the phylogenetic trees of 16S ribosomal gene 
and Bacillus subtilis (Acc. no. BALZ01000186) to root the 
phylogenetic trees of the secA, secY and tuf genes.

Virtual RFLP analysis

Virtual RFLP analysis was carried out for R16F2n/R16R2 
fragments of 16Sr RNA gene derived from identified phy-
toplasma strains from plants and insects and was submitted 
to iPhyClassifier online tool (Zhao et al. 2009). The differ-
ent restriction profiles, obtained with 17 restriction endo-
nucleases (BamHI, BfaI, AluI, BstUI, HaeIII, EcoRI, DraI, 
HinfI, HpaII, HhaI, HpaI, KpnI, Sau3AI, SspI, RsaI, MseI, 
TaqI) of different phytoplasma isolates in virtual gel plot-
ting, were compared with the virtual RFLP pattern from the 
standard representative group/subgroup reference strains of 
phytoplasma by the same restriction enzymes and similarity 
coefficient values.

Results

Survey, disease incidence and symptomatology

Roving survey of chickpea fields in eight states of India 
during 2018–2019 summer season revealed a wide spread 
occurrence of chickpea stunt and leaf reddening disease in 
all the states. Association of phyllody and witches’ broom 
symptoms was also observed in the states of AP, Karnataka, 
Telangana, MP, UP and New Delhi (Table 1).

Virus-suspected symptoms of stunting, leaf reddening, 
phloem discoloration, yellowing and leaf rolling (Fig. 1a–c) 
and phytoplasma-suspected symptoms of stunting, prolif-
eration of axillary shoots, phyllody and leaf yellowing 
(Fig. 1d–f) were observed with average disease incidence 
ranging from 3 to 32% in different chickpea fields of eight 
states. Subsequently, similar symptoms were also recorded 

in other surveyed chickpea fields of AP, Telangana and New 
Delhi during 2019–2020 summer season. But the recorded 
average disease incidence (3–13%) was lower as compared 
to the first year (Table 1).

Besides chickpea, severe stunting, yellowing and leaf 
crinkling symptoms were observed in Brassica nigra 
(Fig. 2b) grown nearby chickpea fields at Kurnool district, 
AP, in 2019–2020. Phyllody symptoms was observed on ses-
amum plants (Fig. 2c) grown as inter crop in chickpea fields 
in Kadapa district of AP. B. juncea and Lens culinaris plants 
(Fig. 2f) grown nearby chickpea fields were recorded with 
stunting and bright yellow color symptoms at Kanpur, UP.

Symptoms of leaf yellowing were recorded in Croton 
sparsiflora and Heteropogan contartus, witches’ broom in 
Cleome viscosa and leaf crinkling in Aeschynomene virgi-
nica weeds near chickpea fields in AP (Fig. 3a–d). Witches’ 
broom, stunting and leaf yellowing were observed on Par-
thenium hysterophorus in chickpea fields at Telangana and 
UP (Fig. 3f). Further phytoplasma symptoms of leaf yel-
lowing and stunting on Catharanthus roseus and witches’ 
broom on Phyllanthus niruri (Fig. 3e, g) were recorded 
nearby chickpea experimental fields at IARI, New Delhi.

Identification of insect vectors by sequencing 
of COX1 gene

The expected DNA fragment of ~ 658 bp was amplified from 
COX1 gene in the collected leafhoppers and aphid species 
(data not shown). Sequencing and BLASTn analysis iden-
tified four leafhopper species (Empoasca motti, Amarasca 
biguttula and Orosius albicinctus from New Delhi; Exitianus 
indicus from AP) and one aphid species (Aphis craccivora) 
from AP. The sequences of the representative insect vector 
species were edited and deposited in GenBank.

Molecular detection of chickpea chlorotic dwarf 
virus (CpCDV)

An expected amplicon size of ~ 596 bp was consistently 
obtained by using coat protein gene specific primers 
of CpCDV in thirty-seven symptomatic chickpea sam-
ples (from eight states), B. nigra (two samples each from 
Regional Agricultural Research Station, [RARS], Nandyal, 
AP), B. juncea and L. culinaris (two samples each from 
Kanpur, UP) and two symptomatic weed species, viz. H. 
contartus at Kadapa district of AP and A. virginica from 
RARS, Nandyal, Kurnool district of AP.

Out of four leaf hoppers, only two leafhopper species (A. 
biguttula and O. albicinctus) were tested positive in PCR 
assay by utilizing similar set of CpCDV coat protein specific 
primer MCPF/R.
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The representative sample sequences of chickpea, bras-
sica, lentil and weed species sequences were deposited in 
GenBank (Table 2).

Sequence analysis

BLASTn analysis of partial CP gene sequences of chick-
pea isolates (Table 2) from eight states, B. nigra (Nandyal, 

Table 1  Survey, symptoms and percent disease incidence of chickpea stunt and phyllody disease from different states of India during 2018–2020

* Average size of field surveyed at different states was ~ 0.5 ha
** Average incidence was calculated by the calculating the means of incidence in different surveyed fields

State District Location *No. of fields Year Symptoms Disease Incidence

Range Average**

Andhra Pradesh Kadapa Farmer fields 16 2018–2019 Leaf reddening, phyllody, stunting, leaf 
rolling, little leaf, and yellowing

5–35 16

Kurnool Farmer fields 8 Leaf reddening, phyllody and stunting 4–38 20
RARS, Nandyal 5 Leaf reddening, yellowing and phyllody 2–60 15

Kadapa Farmer fields 12 2019–2020 Leaf reddening, phyllody, stunting, leaf 
rolling, little leaf, and yellowing

2–16 6

Kurnool Farmer fields 7 Leaf reddening, phyllody, stunting, leaf 
rolling, little leaf, and yellowing

4–24 13

RARS, Nandyal 5 Leaf reddening, phyllody, stunting, leaf 
rolling, little leaf, and yellowing

0–11 3

Telangana Ranga Reddy Farmer fields 10 2018–2019 Phyllody, proliferation of axillary shoots, 
bushy appearance, stunting, leaf yellow-
ing and reddening

2–44 18

ICRISAT 7 Phyllody, reddening and leaf yellowing 9–23 22
Ranga Reddy Farmer fields 10 2019–2020 Phyllody, reddening and leaf yellowing 0–27 11

ICRISAT 4 Stunting, reddening and leaf yellowing 5–6 5
Karnataka Dharwad UAS, Dharwad 3 2018–2019 Phyllody, reddening and stunting 5–8 7
Madhya Pradesh Indore Farmer fields 6 2018–2019 Phyllody, yellow orange decoloration and 

stunting
0–7 3

Jabalpur Farmer fields 5 Stunting, reddening and yellow decolora-
tion of leaves

5–7 5

JNKVV 3 Stunting and reddening 5–8 7
Gujarat Junagadh Farmer fields 3 2018–2019 Reddening and phloem discoloration at the 

collar region
33–38 32

JAU 3 Reddening and phloem discoloration at the 
collar region

4–28 18

Rajasthan Ganganagar Farmer fields 3 2018–2019 Stunting, typical reddening and orange yel-
low discoloration

4–20 10

ARS 2 Stunting, typical reddening and orange yel-
low discoloration

7–23 15

Udaipur Farmer fields 4 Stunting, typical reddening and orange yel-
low discoloration

0–5 3

Uttar Pradesh Kanpur Farmer fields 3 2018–2019 Phyllody, stunting and typical reddening 3–8 6
CSA 1 Stunting and typical reddening 28 28
IIPR 1 Stunting and typical reddening 4 4

Meerut SVPUAT 1 Phyllody, stunting and typical reddening 8 8
New Delhi New Delhi Research plots 3 2018–2019 Stunting, phyllody, yellowing and redden-

ing
9–26 17

4 2019–2020 Stunting, phyllody, yellowing and redden-
ing

7–24 13

AP), B. juncea and L. culinaris (Kanpur, UP), H. con-
tartus (Kadapa, AP), A. virginica (Nandyal, AP), and 
two leafhopper species A. biguttula and O. albicinctus 
(New Delhi), shared 99.3% to 99.83% sequence homol-
ogy with CpCDV isolates from Spinacea oleracea (Acc. 
No. MF178119), L. culinaris (Acc. Nos. LN864703, 
LN865159, LN865160, LN865162) from Pakistan, Pisum 
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sativum (Acc. No. KM229786) from Sudan and C. arieti-
num (Acc. No. MG913384) from India.

Phylogenetic tree

Phylogenetic study based on the coat protein gene sequence 
of CpCDV isolates associated with naturally infected chick-
pea plants/other crop hosts/weed species from eight states 
also suggested that all CpCDV isolates characterized in the 
study were clustered with CpCDV isolates from lentil, faba 
bean and spinach from Pakistan, chickpea and pea isolates 
from Sudan and chickpea isolates reported earlier from India 
(Fig. 4).

Detection of RNA viruses associated 
with symptomatic chickpea samples

Different set of coat protein specific primers were employed 
to amplify RNA viruses like CpCSV, BLRV and CMV from 
the chickpea samples collected from eight states of India and 
A. craccivora collected from IARI, New Delhi. No positive 
amplification was achieved with any of the symptomatic 

Fig. 1  Symptoms of chickpea stunt and phyllody disease in AP: 
a stunting and reddening, b stunting, yellowing and leaf rolling, c 
phloem browning at the collar region, d phyllody, stunting and yel-

lowing, e stunting, phyllody, reddening and bushy appearance, f close 
view of phyllody and reddening symptom

chickpea samples and A. craccivora with coat protein spe-
cific primers for luteoviruses, BLRV, CpCSV and CMV. The 
results suggested the absence of association of any of these 
RNA viruses in the symptomatic chickpea stunt and aphid 
samples.

Molecular detection of phytoplasma associated 
with chickpea

Twenty-eight symptomatic chickpea samples collected 
from six states of India, viz. AP (Kurnool and Kadapa), 
Telangana, Karnataka, MP (Indore, Jabalpur), UP (Kanpur, 
Meerut) and New Delhi (IARI), five weed species, viz. C. 
viscosa, C. sparsiflora (AP), P. hysterophorus (Telangana 
and UP), P. niruri and C. roseus (New Delhi), one other 
host, viz. S. indicum (AP), showing suspected phytoplasma 
symptoms and the positive control of chickpea phyllody 
samples yielded ~ 1.8 kb amplified product in first round 
PCR assays with P1/P7 universal primer pair (data not 
shown). The positive amplified products of the first round 
PCR analysis were further processed for nested PCR assays 
with R16F2n/R16R2 primer pair, which yielded specific 
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amplicons of ~ 1.2 kb from all the symptomatic samples 
tested in study and also from the positive control of chick-
pea phyllody phytoplasma isolate (Acc. No. KX151134) 
maintained in C. roseus in the green house (data not shown).

However, no DNA amplification was achieved with any 
of the four identified leafhopper species analyzed in the first-
round PCR assays with primer pair P1/P6. In nested PCR 
analysis, however, ~ 1.2 kb amplified products were obtained 
from leafhopper E. indicus, collected from RARS, Nandyal, 
AP, and E. motti collected from IARI, New Delhi.

No amplifications either in first round or nested PCR 
assays with similar set of primers were observed in DNAs 
isolated from any of the plant samples and leaf hoppers 
(negative control) collected from the distant healthy fields. 
Nested PCR amplified products were sequenced, and the 
partial 16S rRNA gene sequences were deposited in the 
GenBank database (Table 2).

The DNA extracted from the above samples were also 
analyzed with rp, secA, secY, tuf and imp gene specific 
primers. PCR products of ~ 1390 bp and ~ 1290 bp with 

direct rp(II)F/rp(I)R1A and semi-nested rp(II)F2/rp(I)R1A 
primers, ~ 840 bp and ~ 600 bp with SecAfor1⁄SecArev3 
primer pair followed by SecAfor5⁄SecArev3, ~ 1.7 kb ampli-
cons with direct secYF1(II)/secYR1(II) and semi-nested 
secYF2(II)/secYR1(II) primer pairs, ~ 1094 bp amplicon size 
with semi-nested TUF-II-F2/TUF-II-R1 primer and 717 bp 
with semi-nested IMP-II-F2/IMP-II-R1 primer pairs were 
consistently amplified in the symptomatic chickpea, sesame, 
weed species and two leafhoppers (E. indicus and E. motti) 
collected from symptomatic chickpea fields. No amplifica-
tion was achieved with the DNA from the non-symptomatic 
as well as healthy plant samples neither in first round nor 
in nested PCR assays with similar set of secA, rp, secY tuf 
and imp gene group specific primers. The multilocus gene 
PCR products were sequenced, analyzed and deposited in 
the GenBank database (Table 2).

Fig. 2  a Healthy brassica plant, b stunting, yellowing and leaf crinkling symptom in Brassica nigra, c Sesamum twig showing severe phyllody 
symptom, d healthy Sesamum indicum crop grown as inter-crop in chickpea, e healthy lentil crop, f yellowing and stunting of lentil
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Sequence analysis

Pairwise sequence comparison of ~ 1.2  kb amplicon of 
R16F2n/R2 primed 16S rDNA sequences of twenty-eight 
chickpea isolates (Table 2), sesamum isolate (Acc. No. 
MT420677), six weed isolates (Acc. Nos. MN551490-
91, MN551498-9, MT420678-9) and two leafhopper spe-
cies (Acc. Nos. MT500682-83) showed 98.47% to 100% 
sequence identity among each other and 100% identity with 
sunflower phyllody (Acc. No. MK421430), faba bean phyl-
lody (Acc. No. MK453522), sesame phyllody (Acc. No. 
KF322278), soybean witches’ broom phytoplasma (Acc. 
No. HQ840717) and other peanut witches’ broom related 
strains related to 16SrII group.

Fig. 3  a Yellowing and browning of Heteropogan contartus plants 
nearby chickpea fields, b leaf crinkling in Aeshynominae virginia, 
healthy twig is on left, c witches’ broom symptom on Cleome vis-
cosa, healthy twig on right, d yellowing of leaves in Croton sparsi-
flora, e healthy Parthenium hysterophorus, f witches’ broom symp-

tom on Parthenium hysterophorus, g healthy Phyllanthus niruri, h 
stunting and witches’ broom symptom in Phyllanthus niruri, i healthy 
Catharanthus roseus, j stunting and yellowing symptom in Catharan-
thus roseus 

The rp gene sequences of twenty-eight chickpea phy-
toplasma isolates (Table 2), sesamum isolate (Acc. No. 
MT423344), six weed isolates (Acc. Nos. MN728266-69, 
MT423345-46) and two leafhopper species (Acc. Nos. 
MT501706-07) showed 99.92% to 100% sequence iden-
tity with carrot witches’ broom phytoplasma (Acc. No. 
MH816949), alfalfa witches broom phytoplasma (Acc. No. 
EF193371), cotton phyllody (Acc. No. EF186814) and crota-
laria phyllody (Acc. No. EF186818) strains related to 16SrII 
group.

Comparison of ~ 840 bp partial sequences of secA gene of 
twenty-eight chickpea phytoplasma isolates (Table 2), ses-
ame isolate (Acc. No. MT423365), weed isolates (Acc. Nos. 
MN728248-51, MT423366-67) and two leafhopper species 
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(Acc. Nos. MT501708-09) showed 99.63% to 99.83% 
sequence identity with tomato big bud phytoplasma (Acc. 
No. MG251644), carrot phyllody phytoplasma (Acc. No. 
KX358580) and Citrus aurantifolia phytoplasma (Acc. No. 
KX358586) strains of peanut witches’ broom (16SrII) group.

Comparison of 1700 bp complete sequences of secY 
genes of twenty-eight phytoplasma isolates (Table 2), sesa-
mum isolate (Acc. No. MT423386) weed isolates (Acc. Nos. 
MN728230-33, MT423387-88) and two leaf hopper species 
(Acc. Nos. MT501710-11) had 98.09% to 99.94% sequence 
identity with cauliflower phyllody (Acc. No. KC953012), 
tomato big bud (Acc. No. KT970081), cotton phyllody 
(Acc. No. GU004350) and crotalaria phyllody (Acc. No. 
GU004349) phytoplasma strains of 16SrII group.

Also, the tuf gene partial 1094 bp of twenty-eight phyto-
plasma isolates (Table 2), sesamum (Acc. No. MT423407), 
weed isolates (Acc. Nos. MN634234-37, MT423408-09) 
and two leafhopper species (Acc. Nos. MT501712-13) had 
97.85% to 100% sequence identity with tomato big bud 
(Acc. No. KX358596), pea phyllody (KX358595), faba 
bean phyllody (Acc. No. KX358594), carrot phyllody (Acc. 
No. KX358592) and crotalaria witches’ broom phytoplasma 
(Acc. No. KY872724) strains identified in 16SrII group.

The complete imp gene sequences of twenty-eight phy-
toplasma isolates (Acc. Nos. MN634204-215, MT423412-
27, Acc. Nos. MN634220-21, MN634221, MT423431-32; 
Table 2), sesamum isolate (Acc. No. MT423428), weed 
isolates (Acc. Nos. MN634216-19, MT423429-30) and 
two leafhopper species (Acc. Nos. MT501704-05) revealed 
99.42% to 100% sequence homology with periwinkle phyl-
lody (Acc. No. MK453513), cucumber phyllody (Acc. No. 
MK453510), alfalfa witches’ broom (Acc. No. JQ745274) 
and 99.42% with faba bean phyllody (Acc. No. JQ745278) 
phytoplasma strains in 16SrII group.

Phylogenetic relationship

Phylogenetic analysis of the 16S rRNA sequences of twenty-
eight chickpea phytoplasma isolates with those of submit-
ted sequences in GenBank revealed their close phyloge-
netic relationship with members of peanut witches’ broom 
(16SrII) group. It is evident from the results that twenty-four 
chickpea isolates, sesamum isolate, two leafhopper species 
and all the six weed isolates were clustered in subclade 
with 16SrII phytoplasma group-related strains of 16SrII-D 
subgroup. However, remaining four (three chickpea phyto-
plasma isolates from AP and one isolated from UP) were 
clustered with the phytoplasma strains of 16SrII-C subgroup 
in phylogeny tree (Fig. 5).

Similar results were obtained with the phylogenetic 
comparison analysis with rp, secA, secY, tuf and imp gene 
sequences of chickpea phytoplasma isolates when compared 
with those of reference strains of phytoplasma sequences in Ta
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GenBank (Figs.  6, 7, 8, 9, 10). The phylogenetic analysis 
of 16S rRNA, rp, secA, secY, tuf and imp gene sequences 
confirmed the association of peanut witches’ broom (16SrII) 
group with symptomatic chickpea samples in the present 
study.

The phylogenetic analysis results of 16S rDNA and other 
multilocus genes (rp, secA, secY, tuf and imp) sequences 
of phytoplasma isolates from other host (S. indicum), five 
weed species (P. hysterophorus, C. viscosa, C. sparsiflora, 
C. roseus and P. niruri) and two leafhopper species (E. indi-
cus and E. motti) also confirmed the similar findings as of 
chickpea isolates and as they were closely clustered with 
phytoplasma strains of 16SrII group.

In silico RFLP analysis

The virtual RFLP analysis of the F2nR2 region of 16S rRNA 
gene chickpea phytoplasma isolates was compared for the 
16Sr group and subgroup assignment using iPhyClassifier 
online tool. Comparison of the restriction site maps revealed 
that twenty-four isolates (Table 2) produced similar virtual 
RFLP profile identical to reference strain for 16SrII-D sub-
group (Acc. No. Y10097) (Fig. 11 a, b) with the similar-
ity coefficient value of 1.00. However, other three chick-
pea isolates from AP (Acc. Nos. MN551488, MN551489, 
MT420257) and one isolate from UP (Acc. No. MT420258) 
generated restriction patterns identical to that of reference 
phytoplasma strain, 16SrII-C subgroup (Acc. No. AJ293216) 
with similarity coefficient of 1.00 (Fig. 11 c, d). On the basis 
of similar restriction profiles, the chickpea phytoplasma 
isolates in the present study were classified under peanut 
witches’ broom group as 16SrII-C and 16SrII-D subgroups-
related strains.

The virtual RFLP profiles of the six positive phytoplasma 
isolates from weeds (Acc. Nos. MN551490-91, MN551498-
9, MT420678-9), sesame (Acc. No. MT423386) and two 
leafhopper species (E. indicus and E. motti, Acc. Nos. 
MT500682-83) were found identical with the reference 
strain of 16SrII-D (Y10097).

We also recorded mixed infection of mastrevirus and phy-
toplasma (16SrII-D) in four chickpea samples (three isolates 
from AP and one isolate from Telangana, Table 2).

Fig. 4  Phylogenetic relationships between dicot infecting mastrevi-
ruses. Dendrograms were constructed using maximum likelihood and 
boot strap (1000 replications) based on alignment of CP sequences 
of dicot infecting mastreviruses. Alignments were produced with 
ClustalW. Vertical distances are arbitrary, and horizontal distances 
are proportional to genetic distances. The numbers at node refer to 
number of times (as a percentage) in which the branching was sup-
ported. The tree was rooted using Tomato leaf curl New Delhi virus 
(ToLCNDV) as an outgroup

▸
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Discussion

Chickpea is a leading leguminous crop grown in India, Aus-
tralia, Pakistan, Myanmar, Turkey and Iran (Anonymous, 
2019). In India, it is cultivated across the country as a major 
summer crop. India has the highest acreage, but the produc-
tivity is very low due to the prevalence of biotic and abiotic 
stresses (Singh et al. 1993). Chickpea stunt (CpS) is a re-
emerging disease in all chickpea growing areas of Indian 
subcontinent, Australia, South Africa and Canada. Four dif-
ferent group of viruses (mastrevirus, luteovirus, polerovirus 
and cucumovirus) have been reported associated with CpS 
disease worldwide (Kanakala and Kuria 2019). Chickpea 
phyllody caused by phytoplasma is another emerging prob-
lem of chickpea in some major chickpea growing countries 
(Shreenath et al. 2020).

Severe growth reduction in chickpea plants caused by 
BLRV was first reported by Kaiser (1972), and it was named 
as chickpea stunt by Nene and Reddy (1976). SCRLV and 
BWYV in California (Bosque-Perez and Buddenhagen 1990; 
Horn et al. 1993) and BLRV and BWYV in Spain (Carazo 
et al. 1993) were later identified associated with the disease. 
A new CpCSV strain of the genus Polerovirus was identi-
fied with CpSD in Ethiopia causing yellowing and stunting 
symptoms (Abraham et al. 2006). Later on, a geminivirus 
was also reported associated with CpSD and it was shown to 
be transmitted by a leafhopper, O. albicinctus from India and 
Pakistan (Horn et al. 1993; Akhtar et al. 2011). In a recent 
study, mixed infection of mastrevirus, cucumovirus and 
phytoplasma was reported associated with CpSD in India 
(Shreenath et al. 2020).

Besides polerovirus, luteovirus and begomovirus, CMV 
is also reported to be associated with little leaf, chlorosis 
and stunt symptoms in chickpea (Chalam 1986; Shree-
nath et al. 2020). Shreenath et al. (2020) recently identi-
fied association of CMV in chickpea stunt plants along 
with mixed infection of mastrevirus and phytoplasma 
at IARI, New Delhi. However, no confirmation of indi-
vidual or mixed infection of CMV was confirmed with 
symptomatic chickpea samples from any state of India in 
the present study. The earlier identification of CMV with 
chickpea stunt samples at IARI may be due to availability 
of potential natural plant and weed reservoirs being grown 
in the vicinity of chickpea fields and dominance of effi-
cient aphid vector, M. persicae (Shreenath et al. 2020). But 
the report of association of CMV with CpSD is alarming 
and may become a serious problem for chickpea cultiva-
tion under suitable conditions of availability of favorable 
plant hosts and insect vectors, which needs future survey 
and investigation.

The virus indexing of thirty-seven chickpea stunt samples 
from eight states of India in present study suggested that 

CpCDV (mastrevirus) is the major cause of CpSD and is 
widespread in all chickpea growing states of India. CpCDV 
has a wide host range worldwide including vegetables, pep-
per, watermelon, cotton, papaya, legumes, tobacco, sesame, 
mustard and weeds like Sesbania bispinosa and Xanthium 
strumarium. (Kanakala and Kuria 2019). In the present 
study, three new crops (B. nigra, B. juncea and L. culinaris) 
and two weed species (H. contartus, A. virginica) were 
identified as additional hosts of CpCDV in India. Earlier, 
CpCDV infection was reported in lentil from Pakistan (Kra-
berger et al. 2013) and mustard from Australia (Schwing-
hamer et al. 2010). The presence of CpCDV in lentil and 
mustard in the present study is the new reports from India. 
Our study also suggested role of two positive weeds species 
(H. contartus, A. virginica) growing in and around chickpea 
fields as a putative natural host reservoir of CpCDV and is 
the new host records in world.

Horn et al. (1993) successfully transmitted CpCDV to 
different species of leguminous, solanaceous and chenopo-
diaceous hosts through a leafhopper vector, O. orientalis. 
Akhtar et al. (2011) demonstrated that CpCDV is success-
fully transmitted by O. albicinctus in Pakistan. In this study, 
CpCDV was identified in two species of leafhoppers, Amar-
asca biguttula and O. albicinctus feeding in chickpea fields 
suggesting that these leafhopper species may be potential 
source of natural vectors of CpCDV infection. The detection 
of CpCDV in A. biguttula is a new report as it may become a 
potential vector in transmitting CpCDV in new areas under 
chickpea cultivation in India.

Phytoplasma association with chickpea phyllody disease 
was first time reported from Coimbatore, India, and phyto-
plasma association was confirmed on the basis of Diene’s 
staining (Venkataraman 1959). Till date, the association 
of phytoplasma with chickpea is reported from Australia, 
Ethiopia, Oman, Myanmar, Pakistan and Sudan (Akhtar 
et al. 2008; Al-Saady et al. 2006; Reddy et al. 1991; Saqib 
et al. 2005). Afterwards, the disease was reported from 
several major chickpea growing areas in India: Haryana 
(Sangwan et al. 1981), Karnataka (Pallavi et al. 2012), UP, 
Maharashtra and Karnataka (Akram et al. 2016), AP (Naik 
et al. 2018) and New Delhi (Shreenath et al. 2020). In the 
present study, association of two subgroups of phytoplasma 
was reported with chickpea stunt and shoot proliferation 
disease from AP, Telangana, Karnataka, MP, UP and New 
Delhi. Stunting was a common symptom induced by virus or 
phytoplasma. But phytoplasma also induced bushy appear-
ance, proliferation of axillary shoots, little leaf and phyllody 
(Saqib et al. 2005; Pallavi et al. 2012; Shreenath et al. 2020), 
and in the present study, association of two subgroups of 
phytoplasma (16SrII-C and 16SrII-D) was identified and 
characterized with chickpea samples collected from AP, Tel-
angana, Karnataka, MP, UP and New Delhi. Out of twenty-
eight chickpea samples, twenty-four chickpea isolates were 
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identified to be associated with strain of 16SrII-D subgroup 
phytoplasma-related strains, whereas four chickpea sam-
ples were associated with 16SrII-C subgroup. Earlier, only 
phytoplasma strains belonging to 16SrII-D were reported 
in chickpea from India (Pallavi et al. 2012; Shreenath et al. 
2020) and Pakistan (Akhtar et al. 2009). Hence, the report of 

association of 16SrII-C phytoplasma subgroup with chick-
pea phyllody disease in the present study is a new report. We 
also observed stunting and leaf reddening symptoms along 
with phyllody and witches’ broom in the same chickpea 
plants from AP and Telangana and detected a mixed infec-
tion of CpCDV and 16SrII-D phytoplasma (data not shown).

Fig. 5  Phylogenetic tree of 
16S rRNA gene sequences 
constructed by neighbor-joining 
method and Kimura’s three-
parameter model, showing the 
relationships among chickpea 
phytoplasma isolates, weed iso-
lates and alternate host with ref-
erence phytoplasma strains. The 
tree was rooted with Achole-
plasma laidlawii. Numbers on 
branches are bootstrap values 
obtained for 1000 bootstrap 
replicates. The bar represents a 
phylogenetic distance of 0.02
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As the 16S rRNA gene is inadequate for finer differen-
tiation of closely related but distinct phytoplasmas strains, 
four multilocus genes as secA, rp, secY, imp and tuf also 
confirmed and validated for identification of phytoplasma 
strain in symptomatic chickpea, other crops, chickpea and 

leafhopper. Our results confirmed the validity and utility 
of all these multilocus genes as additional suitable molecu-
lar markers for authentic characterization of phytoplasma 
strains belonging to 16SrII-C and 16SrII-D subgroups in all 
the symptomatic tested plant and insect samples.

Fig. 6  Phylogenetic tree of rp 
gene sequences constructed 
by neighbor-joining method 
and Kimura’s three-parameter 
model, showing the relation-
ships among chickpea phyto-
plasma isolates, weed isolates 
and alternate host with reference 
phytoplasma strains. The tree 
was rooted with Acholeplasma 
oculi. Numbers on branches are 
bootstrap values obtained for 
1000 bootstrap replicates. The 
bar represents a phylogenetic 
distance of 0.1
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Fig. 7  Phylogenetic tree of secA 
gene sequences constructed 
by neighbor-joining method 
and Kimura’s three-parameter 
model, showing the relation-
ships among chickpea phyto-
plasma isolates, weed isolates 
and alternate host with reference 
phytoplasma strains. The tree 
was rooted with Acholeplasma 
oculi. Numbers on branches are 
bootstrap values obtained for 
1000 bootstrap replicates. The 
bar represents a phylogenetic 
distance of 0.1
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In this study, five weed species, viz. C. viscosa, C. spar-
siflora (Andhra Pradesh), P. hysterophorus (Telangana and 
UP), P. niruri, C. roseus (New Delhi), and one cultivated 
crop, viz. S. indicum (AP), were identified and characterized 
as hosts for 16SrII-D subgroup of phytoplasmas. All of these 

weed species except C. sparsiflora have been reported earlier 
as hosts of different phytoplasma groups (Rao et al. 2017). 
C. bonplandianum has been reported as host of 16SrII and 
16SrVI-D subgroup of phytoplasmas in India (Kirdat et al. 
2020), and we reported another species, C. sparsiflora as 

Fig. 8  Phylogenetic tree of secY 
gene sequences constructed 
by neighbor-joining method 
and Kimura’s three-parameter 
model, showing the relation-
ships among chickpea phyto-
plasma isolates, weed isolates 
and alternate host with reference 
phytoplasma strains. The tree 
was rooted with Acholeplasma 
oculi. Numbers on branches are 
bootstrap values obtained for 
1000 bootstrap replicates. The 
bar represents a phylogenetic 
distance of 0.1
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Fig. 9  Phylogenetic tree of tuf 
gene sequences constructed 
by neighbor-joining method 
and Kimura’s three-parameter 
model, showing the relation-
ships among chickpea phyto-
plasma isolates, weed isolates 
and alternate host with reference 
phytoplasma strains. The tree 
was rooted with Acholeplasma 
oculi. Numbers on branches are 
bootstrap values obtained for 
1000 bootstrap replicates. The 
bar represents a phylogenetic 
distance of 0.1
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new host record of 16SrII-D phytoplasma subgroup, which is 
a new report in world. In the present study, sesamum plants 
grown as intercrop in chickpea fields in Kadapa district of 
AP was identified as natural alternate host for 16SrII-D phy-
toplasma subgroup. Sesame crop has already been reported 
earlier as host of different groups of phytoplasmas (16SrI, II 
and VI) in India and abroad (Rao et al. 2015). The sesame 
reported as host of 16SrII-D subgroup phytoplasma in the 
vicinity of chickpea fields in AP in the present study may 

pose a serious threat in spread of chickpea phyllody disease 
in other chickpea growing regions.

Phytoplasmas are mostly transmitted by sap sucking 
leafhoppers, planthoppers and psyllids (Weintraub and 
Beanland 2006; Weintraub et al. 2019). Earlier, O. ori-
entalis was identified as the main leafhopper vector for 
natural transmission of chickpea phyllody phytoplasma in 
India and Pakistan (Ghanekar et al. 1988; Akhtar et al. 
2009; Pallavi et al. 2012). In the present study, two more 

Fig. 10  Phylogenetic tree of 
imp gene sequences constructed 
by neighbor-joining method 
and Kimura’s three-parameter 
model, showing the relation-
ships among chickpea phyto-
plasma isolates, weed isolates 
and alternate host with reference 
phytoplasma strains. Numbers 
on branches are bootstrap values 
obtained for 1000 bootstrap 
replicates. The bar represents a 
phylogenetic distance of 0.1
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leafhopper species (E. indicus, E. motti) feeding on symp-
tomatic chickpea plants from AP and New Delhi were 
found positive for the presence of 16SrII-D subgroup 
strain of phytoplasma. E. indicus has been reported as 
putative vector for phytoplasma associated with sugar-
cane grassy shoot belonging to 16SrXI group in India (Rao 
et al. 2014) and E. motti for 16SrII-D subgroup in cluster 
bean and sesame phyllody in India (Rao et al. 2019). The 
information on additional hosts and insect vectors which 
are harboring 16SrII-D subgroup phytoplasmas would be 
important to monitor the weeds and leafhopper population 
in and around chickpea fields towards proper management 
of CpSD.

Since the chickpea is a major crop and is being grown in 
all parts of the country, the reported new putative alternate/
collateral hosts and natural leafhopper/planthopper vectors 
of two phytoplasma strains will facilitate transmission of 

phytoplasma strains associated with chickpea and other 
crops in the country. Further studies on screening of chick-
pea genotypes for resistance, management of insect vectors 
and alternate/collateral host would be, therefore, essential for 
developing management strategy of the disease and should 
be introduced in chickpea varietal development programme.

Our results provide the strong evidence for the genetic 
diversity of CpCDV and phytoplasma strains association 
with the CpSD. However, its efficiency of insect vectors 
involved in natural transmission of virus/phytoplasma 
strains needs to be investigated in different parts of India. 
Since symptomatic new weed hosts have been identified 
for CpCDV and phytoplasma, examining weeds as alterna-
tive/collateral host is also necessary in designing efficient 
management strategies. We have provided evidence for the 
two phytoplasma strains (16SrII-C and II-D) and CpCDV 

Fig. 11  Comparison of virtual RFLP pattern derived from in silico 
digestion of ~ 1.25 kb 16SrRNA sequences of reference phytoplasma 
subgroup with 17 different restriction endonucleases using iphyclas-
sifier programme a 16SrII-D reference strain (Acc. No. Y10097), b 

chickpea isolate CPP-N7 (Acc. No. MT420665), c 16SrII-C reference 
strain (Acc. No. AJ293216), d chickpea isolate CPP-P8 (Acc. No. 
MT420257)
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is currently associated with stunt disease in major chickpea 
growing states of India. These results reinforce the need to 
develop innovative management strategies.
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