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Molecular diagnosis of ‘Candidatus Phytoplasma australasia’ related strain
(16Sr11-D) associated with flat shoot and shoot proliferation of radish in
Uttar Pradesh, India
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ABSTRACT

Radish is an important vegetable crop used in our daily dishes as salad, vegetable and other common cuisines. In the present
study, phytoplasma associated with the flat shoot and shoot proliferation son radish plants grown at Narendra Dev University
of Agriculture & Technology, Ayodhya campus, India were attempted. The DNA was extracted from diseased and healthy
shoots and subjected to nested PCR assays with P1/P7 and R16F2n/R16R2 phytoplasma specific primer pairs. Amplification
of 1250 bp product was achieved in all the symptomatic radish samples. The amplified product was cloned and directly
sequenced. Sequence analysis of 165 RNA gene through BLASTn, phylogeny and virtual RFL P comparison confirmed radish
isolate as Ca. P. Australasiarelated strain (16Srl1-D sub group). To our best knowledge, thisisthe first report of the 16Sr 11-D

subgroup phytoplasma associated with radish in India.
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INTRODUCTION

Phytoplasmas are cell-wall less bacteriawith very small
genome size and are amongst the smallest self-
replicating living organisms (Bertaccini et a., 2022). They
infect numerous vegetable crops including
cucurbitaceous crops and cause significant crop losses,
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and are transmitted by sap-feeding insects (Kumari et
al., 2019; Rao, 2021). Raphanus sativus L. (radish)
belongsto family Brassicaceae and it is originated from
the Central and Western Chinaand India (Thamburaj &
Singh, 2005). Apart from Uttar Pradesh Haryana, West
Bengal, Punjab, Assam Chhattisgarh, Bihar, Madhya
Pradesh are the mgjor radish growing states. In year
2021-2022, thetotal production was 33.47 million tonnes
in 209 million hectare area grown in India (National
Horticulture Board and Ministry of Agricultural, 2022).
Radish is used as vegetable and its younger tuberous
roots and young leaves are consumed raw as salad but
it can also be cooked or salted together with other
vegetables (Nishio, 2017). Raphanus sativus is a good
source of nutrients like proteins, glucosinolates,
flavonoids, B-carotene, vitamin B6, vitamin C, folate,
minerals like calcium, magnesium, copper, manganese
potassium, and low in calories (Gambaet d., 2021; Gupta
et al., 2003). It has refreshing and depurative and aso
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medicinal properties (Dongarwar et a., 2018). Radish
roots are considered to be good for patients suffering
from liver trouble, gallbladder ailments, hemorrhoids
(piles), jaundice, and enlarged spleen (Swaamy, 2023).
In traditional medicine, radishes are used to treat coughs,
cancer, whooping cough, condtipation, dyspepsia, arthritis,
and kidney stones (Adams, 2008). Radish productionis
hampered by many pathogensincluding fungi, bacteria,
virus and phytoplasma. A few of the important diseases
of radish are Alternariablight, clubroot, downy mildew,
wilt, damping-off, white rust, black root, mosaic and
phyllody (Selvakumar et al., 2019). Very limited
information are available on phytoplasma disease
association on radish from India.

Till now there are few incidences known on phytoplasma
disease associated with radish from India and abroad.
In radish, 16Srll group phytoplasma was identified
associated with leaf yellowing, mosaic, crinkling, and
small leaves symptoms from Cuba and Spain (Arocha
et al., 2008; Alfaro-Fernandez et al., 2011). Due to
phytoplasma disease, 5-20% yield losses were also
recorded in radish in India (Selvakumar et al., 2019).
Recently, ‘ Candidatus PhytoplasmaAustralasia related
strain (16Srl1-D subgroup) wasidentified in radish from
Andhra Pradesh in South Indiawith symptoms of little
leaf and proliferation of axillary buds (Dungavath et .,
2021). Many phytoplasma strains have been reported
on vegetable crops, viz. cucurbits, tomato, leafy
vegetables, chilli, brinjal, cowpeaetc. from Uttar Pradesh
which is reported to cause severe losses (Rao, 2021).
But, thereisno report available of any phytoplasmastrain
in radish from Uttar Pradesh. In 2020, radish plants
showing flat shoot and shoot proliferation symptoms
were observed in agricultural fieldsof ND University of
Agriculture & Technology campus, Ayodhya, Uttar
Pradesh, India. Hence an investigation was done to
detect the phytoplasma strain associated with flat stem
and shoot malformation disease of radish from Uttar
Pradesh.
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MATERIALS AND METHODS

Shoot samples from symptomatic and non-symptomatic
radish plants were collected from NDUAT, Ayodhya
campus, Uttar Pradesh. The total DNA was extracted
from symptomatic (3 samples) and healthy shoot tissues
by using modified CTAB method (Ahrens& Seemuller,
1992). The extracted DNA was subjected to nested PCR
assay for amplification of 16Sr RNA gene of
phytoplasmas. The DNA used asatemplatein first round
PCR for amplification with P1/P7 primers (Deng &
Hiruki, 1991; Smart et a., 1996) followed by nested PCR
using 2 pl of diluted standard PCR product with
phytoplasma specific primers R16F2n/R16R2
(Gundersen and Lee.1996). The nested PCR products
were analysed in electrophoresis using 1.0% (w/v)
agarose gel, and DNA fragments were documented
using gel documentation system (Alphalnnotech, USA).
The PCR amplified 1250bp DNA fragment from gel
slices was extracted using the QIA quick columns
(Qiagen, Germany) kit as per the manufacturer’s
protocol. Cloning and sequencing analyses of 1.25 kb
R16f2n/R2 primed PCR products of the radish
phytoplasma strain was done and used for further
analyses.

The extracted 1250 bp product was sequenced at
automated DNA sequencing facility (Eurofin Genomics
India Pvt. Ltd., Bangalore). Sequence assembling,
nucleotide alignments and percent identity matrix were
donewith BioEdit version 7.0 software (Hall, 1999). The
sequences were compared with 16S rDNA sequences
of phytoplasmasin GenBank using Blast from the NCBI
database (http://www.ncbi.nlm.nih.gov).

Sequence phylograms were constructed from aligned
sequences using neighbor-joining method and boot strap
option using Mega 7.0 software (Tamura et al., 2007).
The other references downloaded from NCBI GenBank
database (http://www.nchi.org) was used for sequence
analysis of the radish phytoplasmastrain in the present
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study. The 16S rDNA virtual RFLP patterns of radish
phytoplasma isolates were analyzed and compared to
that of other phytoplasmas using iPhy Classifier (Zhao
et al., 2009).

RESULTS AND DISCUSSION

The phytoplasmatypical disease symptoms of flat shoot
and shoot proliferation were observed on radish plants
(Figure 1) cultivated in the campus of Narendra Dev
University of Agriculture & Technology, Ayodhya, and
Uttar Pradesh. Amplification of 1800 bp and 1250 bp
products were obtained in all the three symptomatic
radish samples but not in the healthy collected samples
in nested PCR assays with PL/P7 and R16F2n/R16R2
primers (Figure 2).

The 1250 bp amplicons were eluted from 1% agarose
gel and sequenced directly. The partial 16Sr RNA gene
sequences of radish isolate was aligned with other
phytoplasma species (downloaded from NCBI
GenBank) using BioEdit software to confirm theidentity
of phytoplasma species associated with radish flat shoot
and shoot proliferation. The NCBI nucleotide blast
analysis reveadled that 16Sr RNA gene sequences of
present radish isolates shared 99.84% similarity with
‘Candidatus Phytoplasma Australasia’ related strains.
All the three radish isol ate sequences were found 100%

Figure 1: Radish plants flat shoot and shoot mal formation
ssymp to msat Ayodhya
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Figure 2: Electrophoresis of nested PCR products in 1.0%
agarose gel showing ~1.2 kb bands in symptomatic radish
samples (lanes R1, R2, R3) as compared to positive control,
Catharanthusroseuslittle leaf strain (lane PC) and a negative
control, healthy asymptomatic radish plant (lane NC). M=
Lambda DNA digested with EcoRI and Hind |11 (Genei Pvt
Ltd, Bangalore, India) DNA marker (lane M).

identical among themselves, and hence one
representative sequence was submitted to NCBI
database using online submission portal with accession
number OQ78079. The phylogenetic analysis also
confirmed its close relationship of radish phytoplasma
strain with peanut witches' broom (16Sr11-D) related
strains (Figure 3). Virtual RFLP analysisresults derived
fromin silico digestions of the R16F2n/R2 sequence of
16SrRNA geneindicated that radish phytoplasmastrain
produced similar virtual RFLP profilesidentical to ‘ Ca.
P. Australasia’, representative of 16Srll-D subgroup
(Y 10097-papayayellow crinkle disease). Thisconfirms
the identity of radish shoot proliferation phytoplasma
strain as member strain of peanut witches' broom group
(16Sr11-D subgroup) (Figure 4).

Phytoplasma diseases are emerging threat to vegetables
cropsin Indiaand abroad and induce seriousyield |osses
in cases of early infection (Kumari et al., 2019; Rao,
2021). Phytoplasma belonging to the 16Srl1-D subgroup
was found as the most widely distributed phytoplasma
strain on other vegetables and legume crops in India
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Figure 3: Phylogenetic tree constructed by neighbor-joining method showing the relationships between the radish flat shoot
and shoot proliferation isolate (red circle) and other phytoplasmas strains on the of 16S rRNA gene sequence. Acholeplasma
laidlawii was used as out group.
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Figure 4: Comparison of virtual RFLP pattern derived from in silico digestion of 16SrRNA sequences of radish phytoplasma
strain with 17 different restriction endonucleases using iphyClassifier programme a) 16Srl1-D reference strain (Acc. No. Y 10096),
b) Radish flat shoot and shoot proliferation isolateusing the iPhyClassifier

(Rao, 2021). Besides, the 16Srll-D subgroup
phytoplasma has also been reported widely in several
weed species in India and several leafhoppers are
reported as natural vectors for transmission of ‘Ca. P,
Australasia related strainsin India(Reddy et al., 2021,
Rao, 2021). Earlier, association of ‘Ca. Phytoplasma
Australasia’ and ‘Ca.P. asteris’ and ‘Ca. P. solani’
related strains were reported on radish cropsfrom Cuba,
Spain and south India (Arocha et al., 2008; Alfaro-
Fernandez et al., 2011; Dungavath et a., 2021). In the
present study, the presence of 16SrlI-D subgroup was
identified based on sequence comparison, phylogeny and
RFLP analysisof 16SrDNA sequences. Thisisthefirst
report of the association of 16Srll-D phytoplasma
subgroup with flat shoot and shoot proliferation disease
in radish from Uttar Pradesh. Earlier a so pedant witches
broom phytoplasma group has been reported on several
crops from Ayodhya, Uttar Pradesh (Rao et al., 2017).
This indicates that 16Srl11-D subgroup phytoplasmais
wide spread and prevalent to diverse crop species in
Ayodhya. This increasing wide spread incidence of
peanut witches' broom phytoplasma strain strongly
suggeststo study the sources and other epidemiological
factors involved in natural spread of the disease for a
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suitable management approach. It needs immediate
attention towards planning further studies on
epidemiology, and management of the disease.
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