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Abstract
Wrightia antidysenterica is a small compact and evergreen ornamental shrub. Little leaf and yellowing symptoms were 
recorded on W. antidysenterica plants in June 2018 at College of Agriculture campus, Lembucherra, Tripura. The expected 
amplicons of ~1.25 kb and ~480 bp were obtained in symptomatic leaf samples with the phytoplasma specific universal 16S 
rRNA and secA gene primers. Sequence comparison analysis of 16S rRNA and secA gene confirmed the association of ‘Ca. 
P. asteris’-related strain. However, comparing the restriction profiles of 16S rRNA gene in virtual RFLP analysis revealed 
that the phytoplasma was a 16SrI group related strain. To our knowledge, this is the first report of phytoplasma association 
with W. antidysenterica little leaf and yellowing in world.
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Wrightia antidysenterica (syn: Holarrhena pubescens; Family: 
Apocynaceae) also known as ‘Arctic Snow’, is a small, compact 
and semi-deciduous shrub native to Sri Lanka. It is often grown 
as an ornamental and valued plant especially for its year-round 
production of white attractive flowers. During the full bloom, 
plant is covered with white flowers that look like little stars, and 
from a distance appears like snowflakes. It is a perfect flower 
crop for limited space and small gardens that can also be grown 
as a house plant (Srinroch et al. 2019). The bark plays a major 
role in medicine with its characteristic anti-microbial and anti-
inflammatory properties (Wickramaratne et al. 2015). In India, 
some fungal diseases caused by Sarcinella apocynacearum and 
Cercospora wrightia are reported which causes leaf spot dis-
ease of W. tinctoria (Orwa et al. 2009) but no other disease has 
been reported on this plant.

Phytoplasmas are reported to be associated with more 
than 1000 plant diseases worldwide, posing a significant 
impact on agriculture economics and are transmitted by 

phloem-sucking leafhopper species (Bertaccini and Lee 
2018). Around 172 plant species, including legumes, veg-
etables, cereals, spices, medicinal plants, trees, ornamen-
tals, cash and oil crops, palms, fruit trees and weeds have 
been reported to be associated with ten phytoplasma groups 
in India (Rao 2021). However, six phytoplasma groups 
(16SrI-B, 16SrII-D, 16SrVI-D, and 16SrXIV-A, 16SrIX 
and 16SrXI) were reported to be associated with ornamental 
plants from India (Rao 2021). During a survey in June 2018, 
little leaf and yellowing symptoms were recorded on W. anti-
dysenterica plants planted in the campus area of College of 
Agriculture, Lembucherra (23.9 N, 91.3E), Tripura, with a 
symptom incidence of around 60% (Fig. 1).

The symptomatic (four) and non-symptomatic leaf sam-
ples (two) were collected from campus area of College of 
Agriculture, Lembucherra, Tripura. The  Catharanthus 
roseus infected with aster yellows phytoplasma strain (16SrI; 
Accession No. CP035949) maintained in the glasshouse was 
used as a positive control. The DNA was extracted from the 
petioles and midrib of the infected leaves of both Arctic 
snow and Catharanthus roseus by CTAB method (Ahrens 
and Seemüller 1992). The concentration of extracted 
DNA was quantified using Nanodrop spectrophotometer 
(ND1000UV/VIS, USA).

The amplification of phytoplasma 16S rDNA was per-
formed with phytoplasma specific universal and nested 
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primer pairs, P1/P7 (Deng and Hiruki 1991; Schneider 
et al. 1995) and R16F2n/R16R2 (Gundersen and Lee 1996), 
respectively. The components of PCR reactions used per 
reaction were 18.50 µl of nuclease free water, 2.5 µl of PCR 
buffer (10X), 1.5 µl of MgCl2(25 mM), 0.5 µl of dNTPs 
(10 mM), 0.5 µl of each forward / reverse primers (10 pmol/ 
µl), 1 µl of DNA template (100 ng) and 0.5 µl of Taq poly-
merase (5units/μl). The PCR reactions were carried out in 
a thermal-cycler (Eppendorf, Germany). For P1/P7 prim-
ers, PCR temperature conditions were 94 °C, 4 min (1x); 
30 cycles of 94 °C, 45 s; 55 °C, 1 min; 72 °C, 2 min and 
a final extension 72 °C, 10 min. This was followed by the 
dilution (1:30) of the first round PCR product with nuclease 
free water and used as template in the nested PCR reaction. 
The PCR cycling conditions for R16F2n/R16R2 were 94 °C, 
4 min (1x); 30 cycles of 94 °C, 45 s; 56 °C, 1 min; 72 °C, 
2 min; and a final extension at 72 °C (10 min).

For further confirmation of phytoplasma, translocase 
subunit A, secA universal primers SecAfor1/ SecArev3 
(5′GAR​ATG​AAA​ACT​GGR​GAA​GG3′/5′GTT​TTR​GCA​
GTT​CCT​GTC​ATCC3′) followed by semi-nested PCR 
using SecAfor2/ SecArev3 (5′GAT​GAG​GCT​AGA​ACG​CCT​
3′/5′GTTTT RGC​AGT​TCT​GTC​ATCC3′) were performed 
with the following PCR conditions: denaturation at 94 °C 
for 2 min; 94 °C for 30 s, annealing at 53 °C for 1 min and 
extension at 72 °C for 1 min. The last cycle was extended for 
an additional 10 min at 72 °C (Hodgetts et al. 2008).

Five microlitres of each amplified product were subjected 
to electrophoresis in a 1.0% (w/v) agarose gel, stained with 
ethidium bromide and observed under UV transillumina-
tor. The amplified PCR products of 16S rRNA and secA gene 
fragments were purified using the WizardR SV Gel and 
PCR Clean-up System (Promega, Madison, USA) and were 
cloned in pGEM-T Easy vector (Promega). Plasmid DNA 
was extracted, purified and sequenced with primers M13F/

M13R bi-directionally at AgriGenome, Kakkanad, Kerala, 
India.

The sequences obtained from both the genes,  16S 
rRNA and secA were assembled using Bioedit software 
(https://​bioed​it.​softw​are.​infor​mer.​com) and by using 
ClustalW software, the obtained sequences were aligned 
with phytoplasma group/subgroup representatives available 
in GenBank (Hall 1999). The consensus sequences of both 
the genes 16S rRNA and secA of W. antidysenterica leaf yel-
low phytoplasma strains (WALY-1 and WALY-2) obtained 
were submitted to NCBI database. The phylogenetic trees of 
both the genes were constructed using the neighbor-joining 
method with MEGA 7.0 (Kumar et al. 2016) using 1000 
bootstrap replications. Acholeplasma laidlawii phytoplasma 
16S rRNA gene sequence (Acc. no. AB680603) was used 
to root the trees in phylogeny. The phytoplasma sequences 
corresponding to the R16F2n/R2 fragments detected in W. 
antidysenterica were subjected to in silico RFLP comparison 
using the iPhyClassifier (https://​plant​patho​logy.​ba.​ars.​usda.​
gov) online tool and compared with representative sequences 
of phytoplasma strains of 16SrI group (Zhao et al. 2009).

The presence of phytoplasma association was confirmed 
by PCR amplifications of cloned fragments of ~1.25 kb 
and ~480 bp from all the symptomatic arctic snow sam-
ples with 16S rRNA and secA genes, respectively, while 
the asymptomatic samples failed to show any amplification 
product in the PCR assays with either of the primer pairs 
employed with both the genes discussed above (data not 
shown).

Pairwise sequence comparison of the partial 16S rRNA 
gene (Acc. Nos. MW578790 and MW578791) of  W.  
antidysenterica leaf yellow isolates (WALY-1, WALY-
2) with corresponding regions of different phytoplasma 
strains retrieved from NCBI database showed 99.68–99.92% 
sequence similarity with that of 16SrI phytoplasma group 

Fig. 1   Wrightia antidysenterica 
showing healthy a, little leaf 
and yellowing symptoms b 
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related strains, bitter gourd little leaf phytoplasma (GenBank 
Acc. No. AB741631), Zinnia elegans yellows phytoplasma 
(GenBank Acc. No. MN379838) and Toona sinensis phyto-
plasma (GenBank Acc. No. MH547065). Phylogenetic anal-
ysis based on 16S rRNA sequences of W. antidysenterica 
phytoplasma strains also clustered with 16SrI phytoplasma 
group related strains (Fig. 2).

Pairwise sequence comparison of the partial secA gene 
(Acc. Nos. MW559070 and MW559071) sequences of W. 
antidysenterica leaf yellow isolates showed 99.05–99.79% 
sequence similarity with that of 16SrI phytoplasma group 
related strains, lettuce yellows phytoplasma (GenBank Acc. 
No. KP662183), sesame phyllody strain (GenBank Acc. 
No. JN977032) and Elaeis guineensis stunt phytoplasma 

(GenBank Acc. No.JF730880). These results were also 
supported by the corresponding phylogenetic analysis of 
secA gene sequences in which WALY-1 and WALY-2 phy-
toplasma strains clustered with 16SrI phytoplasma group 
related strains (Fig. 3). Virtual RFLP analysis of 16S rRNA 
sequence through iPhyClassifier also confirmed association 
of 16SrI group related strain with W. antidysenterica in the 
study (data not shown).

The phytoplasmas diseases are not only damaging the 
growth and marketing parameters of ornamental plants but 
also affect their commercial value (Chaturvedi et al. 2010; 
Bellardi et al. 2018). Knowledge of the importance of phy-
toplasmas as plant disease agents has advanced rapidly over 
the last decade with increased significant economic losses 

Fig. 2   Phylogenetic tree constructed by the neighbor-joining method using MEGA 7.0, showing the phylogenetic relationship of Wrightia  
antidysenterica phytoplasma isolates (triangles) from Tripura, India based on sequences of the 16S rRNA gene
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(Bertaccini et al. 2014; Bertaccini and Lee 2018). So far, 
74 phytoplasmas belonging to 14 groups were identified in 
ornamental plants worldwide and six groups (16SrI, 16SrII, 
16SrVI, 16SrIX, 16SrXI and 16SrXIV groups) in 34 orna-
mental species from India. Among them, the 16SrI phyto-
plasma group was reported to have the broad host range fol-
lowed by 16SrII and 16SrVI groups (Rao 2021).

The 16SrI group  was identified in several ornamen- 
tal species in India like rose, Brachycome sp. and petunias  
(Madhupriya et al. 2013, 2017; Rao et al. 2017). In the pre-
sent study, we have reported W. antidysenterica as additional 
and new host of ‘Ca. P. asteris’ in world. The report of 
this new host of ‘Ca. P. asteris’ has a great epidemiologi-
cal significance, because this subgroup has already been 
reported as wide spread strain infecting various plant spe-
cies in Tripura and other parts of India (Rao et al. 2021) 
and reported to transmit naturally by different leafhopper 
species, which can play an important role in natural trans-
mission of this subgroup strain of phytoplasma in several 
important agricultural crops. Further studies on epidemiol-
ogy of this strain along with management aspects would be 
required to check its further spread to other native cultivated 
crop species.
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