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Abstract
Symptoms of leaf roll, swollen nodes, flat branch and witches’ broom were observed in five cultivars of sweet cherry from 
Srinagar, Jammu and Kashmir province, India, during 2019–2021. Phytoplasmas association were confirmed by amplify-
ing 16S rRNA, secA, rp, tuf and secY genes with phytoplasma-specific primers in all symptomatic sweet cherry cultivars 
in nested PCR assays. Pairwise sequence comparison, phylogeny and virtual RFLP (16S rRNA gene) analyses confirmed 
the presence of ‘Candidatus Phytoplasma asteris’ and ‘Ca. P. trifolii’ strains in the sweet cherry samples. The incidence 
of flat branch and witches’ broom symptoms associated with ‘Ca. P. trifolii’ varied from 5.8 to 25% in cultivars Bigarreau 
Nepoleon (Double), Bigarreau Noir Grossa and CITH-Cherry-9. However, incidence of leaf rolling, swollen nodes and bud 
proliferation associated with ‘Ca. P. asteris’ was recorded 7.5% in cultivar Stella and 10% in Sunburst, respectively, in the 
surveyed area. The multigene characterization of sweet cherry phytoplasma strains confirmed the validity of these molecular 
markers for identification of phytoplasmas enclosed in 16SrI and 16SrVI groups. The presence of phytoplasmas in sweet 
cherry is the first report from India.
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Introduction

Cherry trees occupy an important position among temperate 
fruit crops all over the world with a high nutritional value 
and abundant phenolic compounds which contribute greatly 
to health benefits (Hu et al. 2021). Cherry trees are native to 
European and Asian regions, and the leading producers are 
Turkey, the European Union and China.  (FAOSTAT 2020). 
The sweet cherry (Prunus avium L.) is the popularly culti-
vated commercial type followed by sour cherry (P. cerasus 
L.), which is used mainly for cooking purpose (Blando and 
Dave Oomah 2019). Cherry trees require high altitudes and 
temperate climate to grow, and in India, they are commer-
cially cultivated in Jammu and Kashmir, Uttarakhand and 

Himachal Pradesh provinces. The sweet cherry production is 
mainly hindered by several diseases such as cherry leaf spot, 
bacterial canker, powdery mildew, Coryneum blight, pru-
nus dwarf virus (PDV), prunus ringspot virus (PNRV) and 
European stone fruit yellows (Sholberg and Kappel 2008; 
Fiore et al. 2018).

‘Candidatus Phytoplasma’ species are cell wall-less 
prokaryotes which colonize both plants and insects (IRPCM 
2004). The phytoplasmas are mainly classified on the basis 
of 16S rRNA gene sequence restriction fragment length pol-
ymorphism and classified into 35 ribosomal groups, nearly 
300 subgroups and 49 ‘Candidatus Phytoplasma’ species 
(Lee et al. 1998; IRPCM, 2004; Bertaccini 2022; Bertaccini 
and Lee 2018).

So far, six groups of phytoplasmas (16SrI, 16SrII, 16SrIII, 
16SrV, 16SrX and 16SrXII) were reported on cherry from 
all over the world (Table 1).

In India, phytoplasma strains association have been docu-
mented in some stone fruit crops such as peach, plum and 
apricot, but no report is available so far in sweet cherry cul-
tivars (Rao 2021; Shreenath et al. 2022). In recent years, sev-
eral phytoplasma-suspected symptoms of witches’ broom, 
swollen nodes, flat branches and leaf roll were observed on 
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sweet cherry cultivars at ICAR-Central Institute of Tem-
perate Horticulture (ICAR-CITH), Srinagar, Jammu and 
Kashmir (J and K), India, and was verified for phytoplasmas 
association using multilocus gene sequence analysis.

Materials and methods

Collection of cherry samples and disease incidence

Survey of cherry fruit orchards was carried out at ICAR-
Central Institute of Temperate Horticulture (ICAR-CITH), 
Srinagar, J and K, from 2019 to 2021 (Fig. 1). An area of 
0.5 ha in three cherry orchards was randomly selected for 
calculating the disease incidence in the surveyed orchards 
on the basis of symptomatic vs asymptomatic cherry trees. 
The average disease incidence was calculated with formula: 
C-T/C × 100, where C is the number of asymptomatic trees 
and T is the number of symptomatic trees. The phytoplasma-
suspected symptomatic leaves and branch samples from ten 
symptomatic and two asymptomatic cherry plants of five 
cultivars [Bigarreau Nepoleon (BN), Bigarreau Noir Grossa 

(BNG), CITH-Cherry-9, Stella and Sunburst] were collected 
for DNA extraction and PCR analysis.

Extraction of nucleic acids and PCR assays

Total DNA was extracted from the leaf midrib or phloem 
tissues of young growing symptomatic shoot branch of the 
cherry tree and the positive phytoplasma controls (brin-
jal little leaf, ‘Ca. P. trifolii,’ GenBank accession number 
KX689234, and sesame phyllody, ‘Ca. P. asteris,’ GenBank 
accession number KC920747) maintained in periwinkle 
using the CTAB protocol (Ahrens and Seemüller 1992). 
The extracted DNA was subjected to nested PCR assay with 
universal phytoplasma-specific primers, P1/P7 (Deng and 
Hiruki 1991; Schneider et al. 1995) followed by 3For/3Rev 
(Manimekalai et al. 2010) and/or R16F2n/R2 primer pairs 
(Gundersen and Lee 1996). The PCR assays were carried out 
in a final reaction volume of 25 μl containing of nuclease-
free water (Sisco Research Laboratories Pvt. Ltd., India), 
OnePCR™2X PCR Master Mix (GeneDireX, Taiwan), 
for/rev primer 10 pmol/μl (0.2 μM) and the DNA tem-
plate (= 100 ng). PCRs were performed in a thermal cycler 

Table 1   Phytoplasmas strains reported associated with cherry trees

NA not applicable

SI No Ribosomal group/
Subgroup

Candidatus species Geographic origin References

1 16SrI-B ‘Ca. P. asteris’ Poland Cieślińska and Smolarek (2015, 2019)
Czech Republic Navràtil et al. (2001)
Turkey Çaglayan et al. (2013)
Iran Zirak et al. (2021)
Italy Paltrinieri et al. (2001)

2 16SrI-R; 16SrI-Q NA Lithuania Jomantiene et al. (2011)
Valiunas et al. (2009)

3 16SrI-S NA China Gao et al. (2011)
4 16SrII-B ‘Ca. P. aurantifolia’ Iran Zirak et al. (2010)
5 16SrIII-A ‘Ca. P. pruni’ USA Uyemoto and Kirkpatrick (2011)

16SrIII-B NA Italy Paltrinieri et al. (2008)
6 16SrIII-T NA Lithuania Valiunas et al. (2009)
7 16SrV-B ‘Ca. P. ziziphi’ China Wang et al. 2018

Italy Paltrinieri et al. (2008)
8 16SrX-A ‘Ca. P. mali’ Czech Republic Navràtil et al. (2001)

Slovenia Mehle et al. (2007)
9 16SrX-B ‘Ca. P. prunorum’ Czech Republic Navràtil et al. (2001), Fialová et al. 

(2004), Ludvikova et al. (2011)
Poland Cieślińska and Smolarek (2019)
Italy Paltrinieri et al. (2001)

10 16SrX-C ‘Ca. P. pyri’ Poland
Italy

Cieślińska and Smolarek (2015)
Paltrinieri et al. (2001)

11 16SrXII-A ‘Ca. P. solani’ Bulgaria
China
Italy

Avramov et al. (2011)
Li et al. (1997)
Paltrinieri et al. (2001, 2008)
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Fig. 1   Map showing a survey area of cherry orchards (CITH, Srinagar) in India
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(Mastercycler, Eppendorf, Hamburg, Germany). Reaction 
mix without DNA was used as negative control.

For finer differentiation of phytoplasmas, ribosomal pro-
tein (rps3, rps19 and rpl22) and secA, secY and tuf genes 
were analyzed. The rpF1/rpR1 followed by rp (I) F1A/rp (I) 
R1A primers specific to 16SrI group were used to amplify 
rp gene (Lim and Sears 1992; Lee et al. 2003). Similarly, 
primer pairs rpF1C/rp (I) R1A followed by rp (VI) F2/rp 
(VI) R2 specific to 16SrVI group were used to amplify rp 
gene (Martini et al. 2007). The secA gene amplification 
was carried out in semi-nested PCR assay with primer pairs 
SecAfor1/SecArev3 as earlier described (Hodgetts et al. 
2008). The amplification of secY gene was performed in 
semi-nested PCR assay with primer pairs SecYF1 (VI)/
SecYR1(VI) followed by SecYF2 (VI)/SecYR1(VI) using 
PCR cycling parameters reported by Lee et al. (2010). Fur-
ther, fTuf1/rTuf1 followed by fTufAy/rTufAy primer pairs 
were used to amplify tuf gene in cherry samples (Schneider 
et al. 1997). The amplified products of PCR assays were 
diluted 1:20 with nuclease-free water and then utilized as 
template in the nested PCR assays. Six microliters of nested 
PCR products was electrophoresed in a 1.0% (w/v) aga-
rose gel, stained with GoodView™ nucleic acid stain and 
observed under Gel Doc (Azure Biosystems, USA). The 
amplified 16S rRNA, secA, rp, secY and tuf gene fragments 
were purified using the WizardR SV Gel and PCR Cleanup 
System (Promega, Madison, USA).

Sequence analysis

The purified PCR products of 16Sr RNA and multigenes 
were further ligated to TA plasmid vector using pGEM®T 
Easy Vector Kit (Promega, Madison, USA) and cloned 
in competent Escherichia coli (DH5-α) cells. The cloned 
products were outsourced for sequencing using M13F/M13R 
universal primer pair in both directions at Eurofins Genom-
ics India Pvt. Ltd., Bengaluru, Karnataka, India. Pairwise 
BLAST analysis of sequence was performed using the simi-
lar sequences from NCBI database. The sequence data of 
each gene were edited and assembled using Qiagen CLC 
Sequence viewer 11 (https://​digit​alins​ights.​qiagen.​com). 
Multiple alignments were performed using ClustalW soft-
ware (Thompson et al. 1994), and the sequences generated 
in the study were submitted in the NCBI database.

Phylogenetic trees were constructed by neighbor-joining 
method using MEGA 7.0 (Kumar et al. 2016) with 1000 
bootstrap values. The sequences of Acholeplasma laidlawii 
(GenBank accession Number NR074448) for 16S rRNA 
gene, A. oculi (GenBank accession Number LK028559) for 
secY and rp genes and Bacillus subtilis (GenBank accession 
Number D10279) for secA and tuf genes, respectively, were 
used as out-groups to root the phylogeny trees.

Virtual RFLP analysis

About ~ 1.25 kb and ~ 1.3 kb sequences of 16S rDNA frag-
ment (corresponding to the R16F2n/R2 and 3For/3Rev, 
respectively) of cherry phytoplasma strains were subjected 
to in silico RFLP comparison analysis using the iPhyClassi-
fier and pDRAW32 program, respectively (http://​www.​acacl​
one.​com). The computer-generated restriction patterns were 
compared, and the similarity coefficient value was calculated 
for the identification of respective phytoplasma subgroup 
strains (Zhao et al. 2009).

Results

Symptomatology and incidence

Leaf rolling, swollen nodes, bud proliferation and malforma-
tion symptoms were recorded in the cherry cultivars Stella 
and Sunburst with an incidence of about 7.5% to 10% at 
ICAR-CITH, Srinagar during May–September 2019 – 2021 
(Fig. 2a,–c). Witches’ broom and flat branch with swollen 
node symptoms were observed in cvs Bigarreau Nepoleon 
(BN), Bigarreau Noir Grossa (BNG), and CITH-Cherry-9 
with disease incidence varied from 5.8 to 25% in cherry 
orchards (Fig. 2d–f; Table 2).

Molecular detection and identification 
of phytoplasma

PCR assay with the P1/P7 primer pair did not yield any 
amplification in the gel electrophoresis from DNA tem-
plates extracted from any of the symptomatic cherry sam-
ples. However, about ~ 1.3 kb amplicons were amplified 
from the three symptomatic sweet cherry cvs BN, BNG and 
CITH-Cherry-9, and ~ 1.25 kb amplicons were seen in two 
cherry cvs Stella and Sunburst in nested PCR assays with 
the primers 3For/3Rev and R16F2n/R2, respectively (data 
not shown). Faint bands of ~ 1.2 kb were also amplified with 
R16F2n/R2 nested primers from sweet cherry cvs BN, BNG 
and CITH-Cherry-9 (data not shown). The faint amplifica-
tion products visualized in gels by employing 3Far/3Rev 
primer pair in two cvs Stella and Sunburst were attempted 
to clone but failed to get good cloned products (data not 
shown). Hence, the 3Far/3Rev amplified products of three 
cherry cvs BN, BNG and CITH-Cherry-9 and R16F2n/R2 
amplified products of two cherry cvs Stella and Sunburst 
were further processed for cloning and sequencing in the 
study. Further, no amplifications were obtained from any of 
the asymptomatic cherry samples from five tested cultivars 
in the nested PCR assays (data not shown).

Amplification of DNAs from symptomatic cherry culti-
vars was also performed using two sets of rp gene-specific 

https://digitalinsights.qiagen.com
http://www.acaclone.com
http://www.acaclone.com


3 Biotech (2022) 12:291	

1 3

Page 5 of 14  291

primers.  The  products of ~ 1000  bp were consistently 
obtained with symptomatic cherry cvs BN, BNG and CITH-
Cherry-9 and the positive control (brinjal little leaf, 16SrVI 
group) in the nested PCR assays with 16SrVI group-specific 
rp gene primer pairs. Similarly, with another set of rp gene 
primer pairs specific to 16SrI group, rp(I)F1A/rp (I)R1A, 
an amplicon of ~ 1.2 kb was obtained in the symptomatic 
cherry cvs Stella and Sunburst along with the positive con-
trol (sesame phyllody, 16SrI group) in nested PCR assays. 
An amplified product of ~ 1.7 kb was obtained in three 
cherry cvs (BN, BNG and CITH-Cherry-9) with SecYF2 
(VI)/SecYR1 (VI) primer specific to 16SrVI group in the 
semi-nested PCR assay.

In another set of experiment, ~ 480 bp amplicons were 
observed only in samples of two symptomatic cherry cvs 
Stella and Sunburst with secA gene universal phytoplasma-
specific primer pair SecAfor2/SecArev3 in semi-nested PCR 
assays. However, no amplicons were achieved with rest of 
the three cherry cultivars. With tuf gene, the phytoplasma 
amplicons of ~ 940 bp were achieved in the nested PCR assay 
by using fTufAy/rTufAy primers specific to 16SrI group in 
two symptomatic cherry samples (cvs Stella and Sunburst) 
and in the positive control (Ca. P. asteris, GenBank acces-
sion number KC920747). Further, no amplification was 

obtained by nested or semi-nested PCR assay from any of 
the asymptomatic cherry (control) samples with rp, secY, 
secA and tuf gene-specific primers used in the study (data 
not shown).

The amplified PCR products were cloned, sequenced and 
analyzed, and the partial 16S rRNA, tuf, secA, secY and rp 
gene sequences were submitted in the GenBank (Table 2).

Sequence analysis

BLASTn sequence identity search and pairwise compari-
son of ~ 1.3 kb amplicons of 16S rRNA gene sequences of 
sweet cherry phytoplasma strains (cv. BN, GenBank acces-
sion numbers OM019094 and OM019095; cv. BNG, Gen-
Bank accession numbers OM019096 and OM019097 and 
cv. CITH-Cherry-9, Acc. Nos. OM019098 and OM019099) 
shared 99.92–100% sequence identity with the 16SrVI-D 
subgroup reference strain of periwinkle little leaf (GenBank 
accession number AF228053) as well as with the earlier 
identified phytoplasma strains of brinjal little leaf (Gen-
Bank accession number KX284698) and Datura stramonium 
witches’ broom (GenBank accession numbers KY078230) 
belonging to ‘Ca. P. trifolii.’ Sweet cherry phytoplasma 
strains (cv. Stella, GenBank accession numbers OP093761 

Fig. 2   Phytoplasma disease symptoms in sweet cherry cultivars: leaf 
rolling in cv Stella (a); swollen nodes, bud proliferation and malfor-
mation in cv Sunburst (b, c); witches’ broom with flat branch in cv 

Bigarreau Nepoleon (BN) (d); flat braches in cv BN (1,2); cv Bigar-
reau Noir Grossa (BNG) (3,4); e flat branch in young cherry plant cv 
CITH-Cherry-9 at CITH, Srinagar, Jammu and Kashmir
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and OP093762) and sweet cherry phytoplasma strains (cv. 
Sunburst, GenBank accession numbers OP093763 and 
OP093764) had 99.60–100% 16S rRNA gene sequence iden-
tity with the 16SrI-B subgroup reference strain of Oenothera 
phytoplasma (GenBank accession number M30790) as well 
as with the earlier identified phytoplasma strains of rapeseed 
phyllody (GenBank accession number CP055264), sapota 
flat stem little leaf (GenBank accession number MK271071) 
and pineapple shoot proliferation (GenBank accession num-
ber MK209105) belonging to ‘Ca. P. asteris.’

Sequence comparison of ~ 1700 bp amplicons of secY 
gene of sweet cherry phytoplasma strains (BN, BNG and 
CITH-Cherry-9) showed 99.84–100% sequence identity 
with Cannabis sativa little leaf phytoplasma (GenBank 
accession number KU297165), Catharanthus roseus phy-
toplasma (GenBank accession number MW654230) and 
brinjal little leaf phytoplasma (GenBank accession number 
KT970077) related to ‘Ca. P. trifolii’ strains.

Sequence comparison of ~ 1000 bp amplicons of partial 
rp gene (specific to 16SrVI group) of sweet cherry phy-
toplasma strains (BN, BNG and CITH-Cherry-9) showed 
99.58–100% sequence similarity with phytoplasma strains: 
potato witches’ broom (AY197683) and brinjal little leaf 
(GenBank accession number EF183489) belonging to 
‘Ca. P. trifolii.’ However, pairwise sequence comparison 
of ~ 1200 bp of partial rp gene (specific to 16SrI group) of 
sweet cherry phytoplasma strains (cvs Stella and Sunburst) 
shared 99.56 to 99.65% sequence identity with C. roseus 
aster yellows (GenBank accession number CP035949) and 
bougainvillea shoot proliferation (GenBank accession num-
ber MN477308, MN477310) all related to ‘Ca. P. asteris.’

Sequence comparison of ~ 480  bp amplicons of par-
tial secA gene of sweet cherry phytoplasma strains (cvs 
Stella and Sunburst) shared 99.40–100% sequence iden-
tity with rapeseed phyllody (GenBank accession number 
CP055264) and sesame phyllody (GenBank accession num-
ber JN977032) phytoplasma strains of ‘Ca. P. asteris’ (16SrI 
group). Similarly, sequence comparison of ~ 940 bp ampli-
cons of partial tuf gene of sweet cherry phytoplasma strains 
(cvs Stella and Sunburst) shared 97.47% to 97.57% sequence 
identity with rapeseed phyllody (GenBank accession number 
CP055264) and aster yellows (GenBank accession number 
MN526022) strains of ‘Ca. P. asteris.’

Phylogenetic and virtual RFLP analysis

Phylogenetic analysis confirmed that the sequences of 
the amplified genes (16S rRNA, secA, secY, rp and tuf) of 
the phytoplasma strains from sweet cherry clustered with 
sequences of ‘Ca. P. trifolii’ (16SrVI-D subgroup; cvs. BN, 
BNG and CITH-Cherry-9) and ‘Ca. P. asteris’ (16SrI-B 
subgroup; cvs Stella and Sunburst) (Figs. 3, 4, 5, 6 and 7). 
Virtual RFLP analysis of the 16S rDNA of phytoplasma Ta
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Fig. 3   Phylogenetic tree con-
structed by neighbor-joining 
method based on 16SrDNA 
gene sequences of sweet cherry 
phytoplasma strains with other 
selected phytoplasma strains 
from GenBank. Accession num-
bers are specified in the tree. 
A. laidlawii was used as an out 
group. Numbers on branches are 
bootstrap values obtained for 
1000 replicates

Fig. 4   Phylogenetic tree con-
structed by neighbor-joining 
method showing the relation-
ships among the sweet cherry 
phytoplasma strains and other 
selected phytoplasma strains 
on the basis of secY gene 
sequences with their accession 
numbers
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Fig. 5   Phylogenetic tree con-
structed by neighbor-joining 
method showing the relation-
ships among the sweet cherry 
phytoplasma strains and other 
selected phytoplasma strains on 
the basis of rp gene sequences 
with their accession numbers

Fig. 6   Phylogenetic tree 
constructed by neighbor-
joining method showing the 
relationships among the sweet 
phytoplasma strains and other 
selected phytoplasma strains 
on the basis of secA gene 
sequences with their accession 
numbers
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strains from symptomatic sweet cherry cultivars (BN, 
BNG and CITH-Cherry-9) was performed for assigning the 
16Sr subgroup classification. Amplicons of ~ 1.3 kb of 16S 
rRNA genes of sweet cherry phytoplasmas digested with 
17 restriction endonucleases yielded profiles referable to 
phytoplasma strains belonging to 16SrVI-D subgroup (Gen-
Bank accession number AF228053) in virtual RFLP analysis 
(Fig. 8a–d). Similarly virtual RFLP analysis results of the 
16S rDNA gene fragments of cherry cvs Stella and Sunburst 
phytoplasma strains showed identical restriction profiles 
with Oenothera phytoplasma reference strain belonging to 
16SrI-B with a similarity coefficient of 1.0 (sweet cherry, 
CSR-1 and CRR-1, Acc. No. OP093761 and OP093763 with 
reference strain Acc. No. M30790; Fig. 9a–c).

Two subgroups of phytoplasmas (16SrI-B and 16SrVI-
D) were identified associated with cherry cultivars in the 
present study.

Discussion

Sweet cherry is one of the major stone fruit crops mainly 
grown in temperate regions of the world. ‘Ca. P. asteris’ in 
cvs. Stella and Sunburst and ‘Ca. P. trifolii’ in cvs. BN, BNG 
and CITH-Cherry-9 were detected in Jammu and Kashmir, 
the major sweet cherry cultivating regions in India.

It was noticed that very faint amplifications of phyto-
plasma DNA were achieved from sweet cherry cvs Stella 
and Sunburst with primer pairs specific to 16Sr RNA gene 
with 3For/3Rev primer pairs (Manimekalai et al. 2010) 

while they amplified very efficiently employing secA-, tuf- 
and rp-specific primers. Similarly, very faint amplifications 
were produced in three cvs BN, BNG and CITH-Cherry-9 
symptomatic cherry cultivars by employing another set of 
16S rRNA gene with R16F2n/R16R nested primer pairs 
(Gundersen and Lee 1996). With all the other specific 
primers (secA, secY, tuf and rp genes), the intensity of 
phytoplasma-specific DNA amplifications was very clear 
and all the amplified products were cloned and sequenced. 
Results of the present study suggest that secA, secY, tuf and 
rp genes are better performing in detection of phytoplasmas 
in symptomatic cherry cultivars. Further, these results also 
confirmed the validity of these molecular markers for char-
acterization of phytoplasma strains in cherry and may be 
used to detect phytoplasma presence in other stone fruit spe-
cies. Both of the identified phytoplasmas have been reported 
as widespread in India infecting several agricultural crops of 
economic importance (Rao 2021).

Phytoplasmas are primarily identified based on the 16S 
rRNA genes, but the use of housekeeping genes is also very 
useful in the characterization of specific strains (Martini 
et al. 2019). Phytoplasma strains associated with several 
diseases of economically important crops in India were 
characterized using multilocus genes, such as brinjal little 
leaf (Azadvar and Baranwal 2012), coconut lethal wilt (Babu 
et al. 2021), chickpea stunt (Reddy et al. 2021), rose and 
marigold phyllody (Rihne et al. 2021; Panda et al. 2021).

Stone fruits (Prunus persica, P. domestica, P. armeni-
aca and P. avium) are being encouraged to be cultivated 
in larger areas in temperate locations of Himachal Pradesh, 

Fig. 7   Phylogenetic tree con-
structed by neighbor-joining 
method showing the relation-
ships among the sweet cherry 
phytoplasma strains and other 
selected phytoplasma strains on 
the basis of tuf gene sequences 
with their accession numbers
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Uttarakhand and Jammu and Kashmir regions of India. Phy-
toplasma diseases are one of the major factors reducing the 
yield of these fruit species worldwide (Fiore et al. 2018; 
Hemmati et al. 2021). Very limited reports are available of 
phytoplasma presence in peach and apricot in India (Rao 
2021); therefore, more extensive studies are required to 
investigate further the phytoplasma presence in stone fruits 
in India. In the recent years, sweet cheery plantations are get-
ting increased importance and demand in the domestic mar-
ket as well as in exports. In the present study, sweet cherry 
has been reported as host of two phytoplasma strains in the 
study. These phytoplasma diseases would affect adversely 
the yield parameters in addition to affecting the production 
leading to serious economic losses to the growers in India. 
Also, being perennial crop, sweet cherry plantations could 
best serve as a natural reservoir of the reported phytoplasma 
strains, which may increase the risk of transmission to other 
host plants through leafhoppers (Rao 2021). The timely and 
accurate detection of phytoplasmas in cherry utilizing mul-
tigene phytoplasma-specific primers would further enable 

the designing of appropriate diagnostic protocols which per-
mit early reliable detection and better management of these 
diseases starting from screening cherry germplasm stocks.

The previous reports of ‘Ca. P. asteris’ in cherry were 
from China and Czech Republic (Fránová and ˇSpak 2013; 
Gao et al. 2011; Fránová et al. 2018). The presence of both 
‘Ca. P. prunorum’ and ‘Ca. P. asteris’ in sour cherry show-
ing small leaves, reduced vigor and dieback was reported in 
Czech Republic and Turkey (Navràtil et al. 2001; Çaglayan 
et al. 2013). Besides, the association of 16SrI-B and 16SrI-Q 
phytoplasmas subgroups association was also reported in 
sour cherry trees in Lithuania and Prunus Mahaleb in Hun-
gary (Valiūnas et al. 2007; Valiunas et al. 2009; Varga et al. 
2001). The presence of ‘Ca. P. asteris,’ ‘Ca. P. phoenicium’ 
and ‘Ca. P. australasia’-related strains in plum, sweet cherry, 
almond and apricot has also been described in Iran (Zirak 
et al. 2009a, b, 2010, 2021; Rasoulpour et al. 2019). Other 
reports of phytoplasmas associated with sweet cherry trees 
were a decline disease in Italy associated with the presence 
of ‘Ca. P. prunorum’ (Paltrinieri et al. 2001; Landi et al. 

Fig. 8   Comparison of virtual RFLP patterns generated from in 
silico digestion of 1.3  kb 16SrDNA sequences of a reference strain 
(periwinkle little leaf phytoplasma, GenBank accession number 
AF228053), b sweet cherry (cv Double) phytoplasma strain-1 (Gen-
Bank accession number OM019094), c sweet cherry (cv Mishri) phy-
toplasma strain-1 (GenBank accession number OM019096), d sweet 

cherry (cv CITH-Cherry-9) phytoplasma strain-1 (GenBank acces-
sion number OM019098) digested using 17 different endonucleases 
(AluI, BamHI, BfaI, BstUI, DraI, EcoRI, HaeIII, HhaI, HinfI, HpaI, 
HpaII, KpnI, MboI, MseI, RsaI, SspI and TaqI), indicating that sweet 
cherry cvs belonged to 16SrVI-D phytoplasma subgroup
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2007) that was also detected in Poland, in sweet and sour 
cherry trees with stunting, chlorotic leaf roll, short inter-
nodes, wilting and branch dieback in East Bohemia, Czech 
Republic (Cieślińska 2011; Ludvikova et al. 2011). The 
report of ‘Ca. P. asteris’ in sweet cherry is the first report 
from India.

The ‘Ca. P. trifolii’ (16SrVI-D subgroup) in sweet cheery 
cvs was reported as a dominant strain infecting several horti-
cultural crops and weeds in India and other Asian countries 
(Rao et al. 2018; Hemmati et al. 2021; Rao 2021). So far, the 
presence of ‘Ca. P. trifolii’ (16SrVI-A subgroup) has only 
been reported in sweet cherry from Israel (Weintraub et al. 
2007). But no report is available of occurrence of 16SrVI-D 
subgroup in sweet cherry from India and abroad; hence, this 
is a new record in world.

The prevalence of phytoplasma strains in commercial 
cherry cultivars in Indian disease suggests that large-scale 
exchange of nursery plant materials may play an important 

role in the emergence of epidemic of phytoplasmas in 
cherry-growing areas. Another possibility is that the identi-
fied phytoplasma strains in cherry in Jammu and Kashmir 
province may be transmitted through insect vectors. Thus, 
the percentage of symptomatic cherry infected plants was 
not too high (5.8–25%) and very likely correlated with infec-
tion of similar phytoplasma strains reported earlier in other 
fruit trees, maize, sesame, ornamentals in the Jammu and 
Kashmir province (Rao et al. 2017; Singh et al. 2018). In 
India, different species of leafhoppers (Hishimonus phyci-
tis, Exiniatus indicus, Empoasca species, Orosius olbicinc-
tus, Recilia dorsalis, Amrasca bigutella) and planthoppers 
(Laodelphax striatellus, Logotella koloshon) have also been 
identified as efficient vectors of ‘Ca. P. asteris’ and ‘Ca. P. 
trifolii’ (Rao 2021), which may be responsible for natural 
spread of the identified phytoplasma strains in cherry and 
needs further investigation to manage the spread of phyto-
plasma disease to newer locations.

Fig. 9   Virtual RFLP patterns from in silico digestion of 16SrDNA 
R16F2n/R2 fragments of phytoplasma strains infecting sweet cherry 
cvs Stella and Sunburst in India. The patterns are compared for 
16SrI-B reference strain (GenBank accession number M30790) (a) 
with sweet cherry phytoplasma strain (cv Stella, CSR-1, GenBank 

accession number OP093761) (b) and sweet cherry phytoplasma 
strain (cv Sunburst, CRR-1, GenBank accession number OP093761 
(c) indicating that sweet cherry cvs belonged to 16SrI-B phytoplasma 
subgroup
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Proper attention for the establishment of phytoplasma-
free cherry germplasm and issuance of import permit 
through strict quarantine regulation should be employed for 
avoiding the entry of new phytoplasma strains infected vege-
tative material from other states of India and abroad. Studies 
on resistance sources of cherry germplasm to phytoplasma 
disease are also not available; therefore, a careful monitor-
ing of phytoplasma-free nurseries and uprooting of infected 
cherry plants should be suggested to avoid severe and wide 
epidemics of phytoplasma infection associated with cherry 
and other stone fruit crops in India.
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