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groups in Impatiens balsamina showing flat stem and phyllody

Priyam Panda’ - Amrita Nigam' - G. P. Rao?

Received: 30 October 2020 / Accepted: 23 January 2021/ Published online: 11 February 2021
© The Author(s) 2021

Abstract

Rose balsam (Impatiens balsamina) is an important ornamental species grown worldwide for its attractive flowers and
also having medicinal properties. Flat stem, little leaf, and phyllody symptoms were observed in 1. balsamina nurseries in
Uttar Pradesh and Tripura states of India during surveys from 2018 to 2020, with an incidence from 6 to 27%. Amplicons
of ~ 1.2 kb were amplified in all the tested symptomatic samples of I. balsamina using universal phytoplasma primer pairs
from different surveyed locations, but not from the asymptomatic plants. Pairwise sequence comparison, phylogeny, and
virtual RFLP analysis of 16S rRNA gene sequences identified the phytoplasmas as 16SrI-B subgroup strain from Tripura
(Lembucherra) and 16SrII-D subgroup strain from Uttar Pradesh (Gorakhpur and Faizabad). Phytoplasma presence and
identity was further confirmed by amplifying secA, rp, secY, and tuf genes. This is the first report of 16SrI-B and 16SrII-D
phytoplasmas detection in /. balsamina in the world.
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Introduction

Impatiens balsamina L. (Fam: Balsaminaceae), commonly
known as rose balsam, is cultivated throughout the world as
a seasonal ornamental plant at offices, hotel premises, and
social landscapes for its attractive different colour flowers
(Staples and Herbst 2005). Different parts of the plant are
used as traditional remedies for disease and skin problems
(Meenu et al. 2015). Flower crops are affected worldwide
by many biotic and abiotic stresses and the phytoplasma
associated diseases are the main threats to their commercial
cultivations (Bellardi et al. 2018).

Phytoplasmas are cell wall-less prokaryotic microor-
ganisms colonizing plant phloem and insect tissues. The
threat of phytoplasma diseases in the world is increasing
with a high impact on crop yield, quality and economic
losses (Bertaccini et al. 2014; Bertaccini and Lee 2018). In
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India, six major phytoplasma groups (16Srl, 16SrII, 16SrVI,
16SrIX, 16SrXI, and 16SrXIV) have been identified asso-
ciated with 34 ornamental plants including rose, chrysan-
themum, phlox, petunias, marigold, gladiolus, mussaenda,
straw flower, etc. (Madhupriya and Rao 2017; Taloh et al.
2020; Ranebennur et al. 2020; Rao 2021). The occurrence
of 16SrI-D and 16SrV-B subgroups of phytoplasma in 1. bal-
samina has been reported earlier from China (Chang et al.
2011; Lietal. 2011, 2014).

Although taxonomy based on the highly conserved 16S
rRNA gene has been useful for classification purposes, mul-
tilocus sequence typing (MLST) provide more detailed dif-
ferentiation of phytoplasma strains (Hodgetts et al. 2008;
Makarova et al. 2012; Martini et al. 2019).

In a recent survey, severe incidence of phytoplasma sus-
pected symptoms of flat stem, little leaf, and phyllody were
observed on 1. balsamina plants in floral nurseries of two
states (Uttar Pradesh and Tripura) of India. The present
study was undertaken to identify and molecularly character-
ize the phytoplasmas detected in symptomatic rose balsam
plants utilizing multilocus genes analysis and their sequence
comparison.
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Materials and methods
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employed in the present study are listed in Supplementary
Table 1.

The amplified products of the PCR assays were diluted
1:20 with nuclease free water and 2 pl were used as tem-
plate in nested PCR assays. Ten microlitres of nested PCR
product were subjected to electrophoresis in 1.0% (w/v)
agarose gel, stained with GoodView " Nucleic Acid stain
(BR Biochem Life Sciences Pvt. Ltd., India) and observed
under UV transilluminator. The amplified 16S rDNA frag-
ments were purified using the Wizard® SV Gel and PCR
Clean-up System (Promega, Madison, USA). Purified PCR
products of 16S rRNA, secA, rp, secY, and tuf genes were
ligated into pGEM®T vector (Promega, Madison, USA)
and cloned in competent cells of Escherichia coli (DHS5-
a). The cloned products were outsourced for sequencing
using M13Fwd/M13Rev universal primer pair in both
directions at Eurofins Genomics India Pvt. Ltd., Ben-
galuru, Karnataka, India. Qiagen CLC Main workbench
was used for sequence data analysis (https://digitalinsights
.qiagen.com).

The sequences were assembled using DNA Base V.4
(http://www.dnabaser.com), aligned with phytoplasma
ribosomal group/subgroup representatives available in
GenBank using ClustalW software, and the consensus
sequences were submitted to the GenBank. For ‘Candi-
datus species’ attribution, the 16S rRNA gene sequences
were aligned with those of ‘Ca. Phytoplasma’ strains,
retrieved from NCBI GenBank, and the sequence iden-
tity values were determined. A phylogenetic tree was
constructed using the neighbor-joining method with
MEGA 7.0 (Kumar et al. 2016) using 1,000 bootstrap
replications and Acholeplasma laidlawii (GenBank
Acc. No. AB680603) for 16S rRNA gene and A. oculi
(GenBank Acc. Nos. LK028559:1,196,113-1,198,581,
LK028559:1,475,939-1,476,271,
LKO028559:1,468,847-1,470,145,
LK028559:1,398,525-1,399,706) for secA, rp, secY, and
tuf genes, respectively to root the trees.

About ~ 1.25 kb of phytoplasma sequences correspond-
ing to the R16F2n/R2 fragments of 1. balsamina and weeds
phytoplasma strains were subjected to in silico RFLP com-
parison analysis using the iPhyClassifier online tool and
similarity coefficient value was calculated (Zhao et al.
2009).

Results

A typical flat stem symptom was recorded on
1. balsamina plants grown at floral nurseries of
ANDUAT, Faizabad (IBFS-FAZ) and DDUU, Gorakh-
pur (IBFS-GOK), Uttar Pradesh (Fig. 1a, b) with disease
incidence of 6-10% (Table 1). Moreover, little leaf and
phyllody symptoms were noticed on I. balsamina plants
at college campus of Lembucherra, Tripura (IBLLP-TRI)
(Fig. 1c) with disease incidence up to 27% (Table 1).
Setaria verticillata grown as weed in rose balsam nurs-
ery at DDUU, Gorakhpur was recorded with little leaf
symptoms. Leaf yellowing symptoms were also recorded
in Cannabis sativa weed grown nearby balsam nursery at
ANDUAT, Faizabad.

An amplification of ~ 1.8 kb and ~1.25 kb was con-
sistently obtained from all the nine symptomatic 1. bal-
samina samples collected from Faizabad, Gorakhpur, and
Lembucherra locations along with the positive controls
in nested PCR assays using primer pairs P1/P7 followed
by R16F2n/R2, respectively, but not in any of the asymp-
tomatic rose balsam samples from the three places (data
not shown).

Similar amplifications of phytoplasma DNA were
achieved from both the collected symptomatic weed spe-
cies (S. verticillata and C. sativa) (two samples each) from
Gorakhpur and Faizabad, Uttar Pradesh. The sequences of
the two-rose balsam phytoplasma strains from all the three
locations and the two weeds were analyzed, edited, and
deposited in GenBank (Table 1).

Pairwise comparison of 16S rRNA gene sequences cor-
responding to R16F2n/R2 fragment of rose balsam phyto-
plasma with the corresponding regions of different phyto-
plasma strains retrieved from NCBI database belongs to
diverse ribosomal groups indicated that the IBLLP-TRI
phytoplasma stains (GenBank Acc. Nos. MW077127-28)
shared maximum nucleotide identity ranging between
99.60% and 100% with earlier reported aster yellows (16Sr])
group related phytoplasma strains belonging to Zinnia
elegans yellows (GenBank Acc. No. MN379838), sesame
phyllody (GenBank Acc. No. KC920749) and periwin-
kle virescence (GenBank Acc. No. FN257484). However,
IBFS-FAZ and IBFS-GOK phytoplasma strains (GenBank
Acc. Nos. MW077123-26) shared 100% sequence iden-
tity among themselves and with earlier reported peanut
witches’ broom (16SrIl) group related phytoplasma strains
reported earlier with faba bean phyllody (GenBank Acc.
No. MK453522), chickpea phyllody (GenBank Acc. No.
MN551487) and papaya crinkle yellow (GenBank Acc. No.
Y 10096). Pairwise comparison of 16S rRNA gene sequences
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Fig. 1 Impatiens balsamina
plants showing phytoplasma
symptoms a flat stem at
ANDUAT, Faizabad; b flat stem
at DDUU, Gorakhpur, U.P.; ¢
little leaf and phyllody at CA,
Lembucherra, Tripura

plant

of phytoplasma strains detected in the two weed samples
viz., S. verticillata little leaf (SVLL-GOK) (GenBank Acc.
Nos. MW077129-30) and C. sativa leaf yellowing (CSLY-
FAZ) (GenBank Acc. Nos. MW077131-32) shared 100%
sequence identity with peanut witches’ broom (16SrlI) group
related phytoplasma strains.

The pairwise comparison results were well supported by
the corresponding phylogenetic sequence analysis of 16S
rRNA gene in which IBLLP-TRI strains clustered with 16StI
group related strains and IBFS-FAZ, IBFS-GOK, SVLL-
GOK, and CSLY-FAZ strains clustered with 16SrII group
related strains (Fig. 2).

The PCR amplicons of ~600 bp for secA,~ 1200 bp
for rp,~ 1400 bp for secY, and ~940 bp for tuf genes were
obtained in symptomatic rose balsam plants samples from
Lembucherra, Tripura by using 16SrI group specific primers
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(Supplementary Table 1). Whereas amplicons of ~600 bp for
secA,~ 1300 bp for rp, ~1700 bp for sec, and ~ 1094 bp for
tuf were consistently obtained with rose balsam and weeds
symptomatic samples from Faizabad and Gorakhpur using
16SrII group specific primers (Supplementary Table 1).
The nested multilocus genes amplified PCR products were
sequenced, analyzed, and partial secA, rp, secY, and tuf
gene sequences were deposited in the GenBank database
(Table 1).

Pairwise sequence comparison of secA gene of IBLLP-
TRI phytoplasma stains (Table 1) was compared with dif-
ferent phytoplasma strains retrieved from NCBI database
and showed maximum nucleotide identity of 99.4-100%
with several phytoplasma classified in 16SrI group infect-
ing sesame phyllody, periwinkle virescence, oil palm stunt,
and sugarcane yellows, while IBFS-FAZ, IBFS-GOK, and
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Fig.2 Phylogenetic tree con-
structed by neighbor-joining
method of the partial 16S rRNA
gene sequences from 16SrI and
16SrII group of phytoplasma
strains, Impatiens balsamina
little leaf and phyllody (IBLLP-
TRI), Impatiens balsamina flat
stem (IBFS-FAZ and IBFS-
GOK), Setaria verticillata

little leaf (SVLL-GOK), and
Cannabis sativa leaf yellowing
(CSLY-FAZ) (red triangles).
Bootstrapping was conducted
1000 times and Acholeplasma
laidlawii was included as out-
group. A number on branches
indicate confidence values

A MW077131 CSLY-FAZ1
A MIW077132 CSLY-FAZ2
A MW077130 SVLL-GOK2
A MW077129 SVLL-GOK1
A MW077126 IBFS-GOK2
A MW077125 IBFS-GOK1
94 |A MW077124 IBFS-FAZ2
A MW077123 IBFS-FAZ1
MK453520 Periwinkle phyllody (I1-D)
MK453521 Eggplant big bud (I1-D)
MK421430 Sunflower phyllody (I1-D)
Y10096 Papaya crinkle yellow (1I-D)
MK453522 Faba bean phyllody (11-D)
MN551487 Chickpea phyllody (II-D) _|
—L33770 Sweet potato witches’ broom (lI-A)
99 MN551489 Chickpea phyllody (II-C)

Peanut
witches’” broom
(11-D)

associated with the bootstrap
analysis

99

87|

85

95

1

g9 EF186828 Lime witches’ broom (lI-B)
90'KY412987 Lime witches’ broom (l1-B)
Y16393 Picris echiodes phyllody (lI-E)
1Q044396 Peach X-disease (Ill-A)

99[ AY390261 Clover proliferation (VI-A)

AY500130 Clover phyllody (VI-A)
AF498307 Coconut lethal yellowing (IV-A)

98 JX862179 Sugarcane white leaf (XI-B)
499|;|7:A3052873 Rice yellow dwarf (XI-A)
5 AJ550984 Bermuda grass white leaf (XIV-A)

AY265217 Clover phyllody (I-C)
AY265214 Chrysanthemum yellows (I-A)
r M30790 Oenothera hookeri virescence (1-B)
FN257484 Periwinkle virescence (I-B)
AF322644 Aster yellows (I-B)
A MW077127 IBLLP-TRI1
79|| A MW077128 IBLLP-TRI2
MN379838 Zinnia elegans yellows (I-B)
61]KC920749 Sesame phyllody (I-B)
MW394526 Ageratum conyzoides yellowing (1-B)
MW309500 Hibiscus flat stem (I-B)

Aster
yellows
(I-B)

0.02

weeds phytoplasma strains (Table 1) shared 100% sequence
identity with each other and 99.37-100% identity with
other previously identified phytoplasma classified in 16SrII
group infecting chickpea phyllody, mango malformation,
and guava leaf yellowing. Similarly, the rp, secY, and tuf
gene sequences of IBLLP-TRI phytoplasma stains (Table 1)
showed maximum identities ranging between 99.3%
and 100% with previously reported phytoplasma strains

AB680603 Acholeplasma laidlawii

classified in 16SrlI group, while IBFS-FAZ, IBFS-GOK,
and weeds phytoplasma strains (Table 1) shared sequence
identity ranging between 99.82% and 100% with previously
identified phytoplasma strains enclosed in 16SrII group.
These results were also supported by the correspond-
ing phylogenetic sequence analysis of secA, rp, secY, and
tuf genes in which IBLLP-TRI strain was clustered with
16SrI group related strains and IBFS-FAZ, IBFS-GOK,
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Fig. 3 Phylogenetic tree con-
structed by neighbor-joining
method of the partial secA

gene sequences from I and 11
group of phytoplasma strains,
Impatiens balsamina little leaf
and phyllody (IBLLP-TRI),
Impatiens balsamina flat stem
(IBFS-FAZ and IBFS-GOK),
Setaria verticillata little leaf
(SVLL-GOK) and Cannabis
sativa leaf yellowing (CSLY-
FAZ) (red triangles). Accession
numbers are specified in the tree
and Acholeplasma oculi was
used as outgroup. A number on
branches are bootstraps values
obtained for 1000 replicates

i

D

9

MK434185 Mango malformation (I1-D)
MK434189 Guava leaf yellowing (11-D)
MH675876 Egg plant phyllody (11-D)
MN728247 Chickpea phyllody (I1-D)
KJ462021 Tomato big bud (I1-D)

A MWO071182 CSLY-FAZ2

A MW071181 CSLY-FAZ1

A MW071180 SVLL-GOK1

A MW071179 SVLL-GOK1

A MW071178 IBFS-GOK2

A MW071177 IBFS-GOK1

A \MWO071175 IBFS-FAZ1

A MW071176 IBFS-FAZ2

MH184622 Sugarcane yellow (I-B) ™

EU168721 Cactus yellows (I-B)

JN977034 Sesame phyllody (I-B)

KJ462011 Aster yellows (I-B)

93| FM991883 Periwinkle virescence (I-B)

A MW071184 IBLLP-TRI2

A MW071183 IBLLP-TRIL

JF730880 Oil palm stunt (I-B)

I‘_— KJ462009 Chrysanthemum yellows (I-A)
KJ462014 Clover phyllody (I-C)

KJ462053 Napier grass stunt (XI-A)

KJ462061 Bermudagrass white leaf (IX-A)

KJ462045 Clover proliferation (VI-A)

KJ462024 Peach X disease (IlI-A)

KJ462017 Lime witches’ broom (l1-B)

95-MN728253 Chickpea phyllody (II-C)

KJ462023 Picris echioides yellows (II-E)

MK434187 Pomegranate leaf yellowing (11-D) 7}

Aster
yellows

(-B)

Peanut
witches’ broom
(11-D)

LK028559:1196113-1198581 Acholeplasma oculi

0.1

SVLL-GOK, and CSLY-FAZ strains were clustered with
16SrII group related strains (Figs. 3, 4, 5, 6).

Virtual RFLP analysis results derived from in silico diges-
tions of R16F2n/R2 region of 16S rRNA gene using 17 restric-
tion endonucleases enzymes (Alul, BamHI, Bfal, BsfUI, Dral,
EcoRl, Haelll, Hhal, Hinfl, Hpal, Hpall, Kpnl, Mbol, Msel,
Rsal, Sspl, and Tagl) indicated that IBLLP phytoplasma stains
from Tripura (GenBank Acc. Nos. MW(077127-28) were pro-
duced similar virtual RFLP profile identical to reference strain
for 16StI-B subgroup (GenBank Acc. No. AP006628) (Fig. 7a,
b) with a similarity coefficient of 1.0. However, IBFS (Gen-
Bank Acc. Nos. MW077123-26) and two weeds (GenBank
Acc. Nos. MW(077129-32) phytoplasma strains from Faizabad
and Gorakhpur generated restriction patterns identical to that

Pielase clla)l auan .
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of reference phytoplasma strain, 16SrII-D subgroup (GenBank
Acc. No. Y10096) (Fig. 7c—f) with a similarity coefficient of
1.0. On the basis of similar restriction profiles, the rose balsam
and weeds phytoplasma isolates in this study were classified
under16SrI-B and 16SrII-D subgroups related phytoplasmas
strains.

Discussion

There are thousands of 16S rRNA gene sequences of
phytoplasma deposited in the public databases as well as
sequences to other conserved genomic regions used as
supplementary tools for finer taxonomic differentiation
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Fig.4 Phylogenetic tree
constructed by neighbor-
joining method of the rp

gene sequences from I and 11
group of phytoplasma strains,
Impatiens balsamina little leaf
and phyllody (IBLLP-TRI),
Impatiens balsamina flat stem
(IBFS-FAZ and IBFS-GOK),
Setaria verticillata little leaf
(SVLL-GOK), and Cannabis
sativa leaf yellowing (CSLY-
FAZ) (red triangles). Accession
numbers are specified in the tree
and Acholeplasma oculi was
used as outgroup. A number on
branches are bootstraps values
obtained for 1000 replicates

54

52,

61

92

MK453505 Faba bean phyllody (II-D)

MH816954 Coriander phyllody (1I-D)

A MW071202 CSLY-FAZ1

A MW071200 SVLL-GOK2

A MWO071198 IBFS-GOK2

A MWO071196 IBFS-FAZ2

A \W071195 IBFS-FAZ1

A MW071197 IBFS-GOK1

A MW071199 SVLL-GOK1

A MWO071201 CSLY-FAZ1

MN728265 Chickpea phyllody (I1-D)

EF193371 Alfalfa witches’broom (l1-D)

MH816949 Carrot witches’ broom (11-D)

MN728269 Cortons leaf yellowing (II-D) _]

EF193376 Sweet potato witches’ broom (lI-A)
EF193381 Picris echioides phyllody (II-E)

MN728271 Chickpea phyllody (II-C)

Peanut
witches’ broom
(1-D)

84||EF186815 Lime witches’ broom (I1-B)
89'KY365521 Lime witches’ broom (11-B)

EF183486 Clover phyllody (VI-A)

KU057166 Apple proliferation (X-A)

AY264861 Clover phyllody (I-C)

AY264869 Chrysanthemum yellows (I-A)
A MW071203 IBLLP-TRI1
A MW071204 IBLLP-TRI2
M74770 Oenothera hookeri virescence (I-B)
FN263247 Periwinkle virescence (I-B)
84{MN642062 Marigold phyllody (I-B)
MN526023 Aster yellows (I-B)
HQ285145 Periwinkle phyllody (I-B)
KX158198 Melochia corchorifolia phyllody (I-B)_|

Aster
yellows
(I-8)

1Q360956 Peach X disease WX (l11-A)
KJ806628 Pigeon pea witches’ broom (IX-A)

0.2

(Duduk and Bertaccini 2011). The rp, tuf, secA, and
secY genes are reported to show more variation than
the 16S rRNA gene and are hence useful for the finer
genetic diversity among the phytoplasma strains (Bert-
accini and Lee 2018; Martini et al. 2019). Keeping this
in mind, in the present study, four genes (secA, rp, secY,
and fuf) other than 16S rRNA were used to confirm the
presence of two subgroups of phytoplasmas (16SrI-B and
16SrII-D) in symptomatic rose balsam plants and two
weed samples collected from three different locations in
India. The results further confirmed the validity and util-
ity of these four genes as additional molecular markers

LK028559:1475939-1476271 Acholeplasma oculi

for characterization of phytoplasma strains belonging to
16StI-B and 16SrII-D subgroups. Multilocus genes have
been successfully used earlier for finer differentiation of
closely related subgroup phytoplasmas strains (Martini
et al. 2007; Bohunick4 et al. 2018; Siampour et al. 2019).
However, in the present study, all the four genes used pro-
vided similar results of grouping and subgrouping clas-
sification of rose balsam phytoplasma strains indicating
that the rose balsam phytoplasma strains identified from
two states of India do not have significant genetic diversity
among themselves. Earlier, only two reports of occurrence
of 16SrI-D and 16SrV-B subgroups of phytoplasmas are
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Fig.5 Phylogenetic tree 63|KT970083 Tomato big bud (11-D)

MH819289 Coriander phyllody (II-D)
MN728230 Parthenium witches’ broom (l1-D)
MN728233 Corton leaf yellowing (I1-D)
MN728229 Chickpea phyllody (11-D)
MK453500 Faba bean phyllody (1I-D)
Impatiens balsamina flat stem 85 A MW071192 CSLY-FAZ2

A MW071190 SVLL-GOK2

A MW071188 IBFS-GOK2

A MWO071186 IBFS-FAZ2
sativa leaf yellowing (CSLY- 100 | A Mwo71185 IBFS-FAZL

constructed by neighbor-
joining method of the secY
gene sequences from I and 11
group of phytoplasma strains,
Impatiens balsamina little leaf
and phyllody (IBLLP-TRI),

(IBFS-FAZ and IBFS-GOK),
Setaria verticillata little leaf
(SVLL-GOK), and Cannabis

FAZ) (red triangles). Acces-
sion numbers are specified in

A MW071187 IBFS-GOK1
A MW071189 SVLL-GOK1

Peanut
witches’ broom
(11-D)

the tree, and Acholeplasma 45 A MWO71191 CSIY-FAZ1 _
oculi was used as outgroup. A ) ,

number on branches are boot- o GU004321 S'weet ;')otatol witches’ broom (II-A)
straps values obtained for 1000 _[KY365525 Lime witches’ broom (l1-B)
replicates 100~ MN728235 Chickpea phyllody 1I-C)

95

—— GU004348 Picris echiodes phyllody PEP (lI-E)

JQ268250 Peach X disease (lll-A)
ﬂ‘ss ——— GUOO04315 Clover phyllody (VI-A)
———————————————GU004335 Apple proliferation (X-A)

GUO004336 Mexican periwinkle virescence (XII1-A)
AY803170 Chrysanthemum yellows (I-A)

100 AY803183 Clover phyllody (I-C)

100 A MW071193 IBLLP-TRI1
A MW071194 IBLLP-TRI2

56 FM991879 Periwinkle virescence (I-B)
IN977045 Sesame phyllody (I-B) Aster
100| p1n832590 Marigold phyllody (I-B) V‘?:'_‘;‘)”S

AB741641 Periwinkle little leaf (1-B)
AY803177 Aster yellows (I-B)
46' AB741633 Bitter gourd little leaf (1-B) _

0.1

available reporting the association of phyllody and vires-
cence disease of rose balsam from Yangling and Shandong
provinces of China (Chang et al. 2011; Li et al. 2011,
2014). The present findings expand the current knowledge
regarding distribution of aster yellows and peanut witches’
broom related phytoplasma strains in a new agro ecosys-
tem and report rose balsam as a new host of 16SrI-B and
16SrII-D subgroup of phytoplasma in the world.
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LK028559:1468847-1470145 Acholeplasma oculi

The 16SrI-B and 16SrII-D subgroup, reported in rose
balsam and weeds have already been reported as a major
widespread phytoplasma strains infecting several impor-
tant crops viz. vegetables, fruits, ornamentals, legumes,
and spices in India (Kumar et al. 2017; Mitra et al. 2019;
Rao et al. 2019; Panda et al. 2020; Rihne et al. 2020;
Rao 2021). This study also suggested the role of S. verti-
cillata and C. sativa weeds growing around the 1. balsam-
ina nurseries in Gorakhpur and Faizabad locations which
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Fig. 6 Phylogenetic tree
constructed by neighbor-
joining method of the partial fuf
gene sequences from I and 11
group of phytoplasma strains,
Impatiens balsamina little leaf
and phyllody (IBLLP-TRI),
Impatiens balsamina flat stem
(IBFS-FAZ and IBFS-GOK),
Setaria verticillata little leaf
(SVLL-GOK), and Cannabis
sativa leaf yellowing (CSLY-
FAZ) (red triangles). Accession
numbers are specified in the tree
and Acholeplasma oculi was
used as outgroup. A number on
branches are bootstraps values
obtained for 1000 replicates

KX358594 Faba bean phyllody (II-D) 7
KX358587 Sesame phyllody (II-D)
KX358595 Pea phyllody (II-D)
KX358596 Egg plant big bud (II-D)
MN634233 Chickpea phyllody (I1-D)
1Q824250 Tomato big bud (I1-D)
88| A MW071212 CSLY-FAZ2 witches’ broom
A \MW071211 CSLY-FAZ1 (1I-D)
A MW071210 SVLL-GOK2
A MW071209 SVLL-GOK1
49 A \W071208 IBFS-GOK2
A \MW071207 IBFS-GOK1
A MWO071205 IBFS-FAZ1
93| | A MW071206 1BFS-FAZ2 B
_[JQ824276 Lime witches’ broom LWB (II-B)
97- MN634239 Chickpea phyllody(l1-C)
1Q824244 Picris echoides phyllody (lI-E)
1Q824224 Apple proliferation (X-A)
1Q824231 Clover prolifertion (VI-A)
1Q824211 Peach X-disease (III-A)
1Q824248 Clover phyllody (I-C)
1Q824240 Chrysanthemum yellows (I-A) _
JQ824215 Aster yellows (I-B)
60| A MW071213 IBLLP-TRI1
85 A MW071214 IBLLP-TRI2 Aster
10824205 Aster yellows(I-8) VT:'_‘;‘?’S
60 |KP662172 Periwinkle virescence (1-B)
KP662156 Chinaberry witches’ broom (I-B)
KP662167 Mulberry dwarf (I-B)
1Q824249 Napier grass stunt (XI)

Peanut

52|
99

0.2

may act as a natural host reservoir for the transmission
of 16SrII-D phytoplasmas. Since the rose balsam is an
important seasonal ornamental crop being grown in all
parts of the country, the reported phytoplasma weed hosts
may facilitate transmission of phytoplasma strains asso-
ciated with rose balsam to other crops with help of leaf-
hoppers in the country. Different species of leafthoppers

LK028559:1398525-1399706 Acholeplasma oculi

(Hishimonus phycitis, Orosius albicinctus, Amarasca
bigutella, Empoasca motti) are already identified as puta-
tive or natural vectors of phytoplasma strains belonging
to 16Srl-B and II-D subgroups in India (Rao 2021) and
may play significant role in transmission of rose balsam
phytoplasma strains to other important agricultural crops.

Pigllase ¢l ay .
e e O) Springer



122 Page 100f 12

3 Biotech (2021) 11:122

Fig.7 Comparison of virtual
RFLP patterns derived from in
silico digestion of ~ 1.25 kb 16S
rRNA gene sequences of refer-
ence phytoplasmas subgroup
with 17 different restriction
endonucleases using iphyclas-
sifier programme, a 16SrI-B
reference strain (GenBank Acc.
No. M30790), b Impatiens
balsamina little leaf and phyl-
lody AIBLLP-TRI1), ¢ 16SrII-D
reference strain (GenBank Acc.
No. Y10096), d Impatiens bal-
samina flat stem (IBFS-FAZ1

and IBFS-GOK1), e Setaria
verticillata little leaf strain
(SVLL-GOK1), and f Cannabis
sativa leaf yellowing (CSLY-
FAZ1)

c Y10096 1

Kot

Ssu3M1

Wsal

e MWO077129 SVLL-GOK 1 phytoplasma

f MWO077131CSLY-FAZ1 phytoplasma

The scenario of wider natural spread of phytoplasma
strains 16Srl-B and 16SrII-D infecting several crop species
in India may pose a serious threat for other agriculturally
important plants grown nearby rose balsam flower nurs-
eries and thus have a great epidemiological significance.
Further investigations are required to know the major
insect vectors and weed species involved in the natural
propagation of these phytoplasma strains to develop suit-
able control measures.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13205-021-02666-2.
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