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Abstract  

The predominance of leafhopper species such as Orosius albicinctus, 

Hishimonus phycitis and Amrasca biguttula biguttula poses a significant 

threat to sesame production in India and globally. Phytoplasma disease, 

caused by Candidatus Phytoplasma species, has become a major challenge 

for sesame farming, with the potential to reduce yields by up to 95 %. First 

documented in Myanmar, this disease has since spread to various regions 

worldwide, affecting sesame crops across Asia, Africa and North Ameri-

ca. The current study examined the relationship between phytoplasma and 

leafhoppers in sesame as well as the phylogenetic differences in phyllody 

phytoplasma. Previous research identified phytoplasma subgroups 16SrI-B 

and II-C in eastern Uttar Pradesh, Bihar and Delhi, India. Notably, this study 

discovered the 16SrI-B subgroup in Tamil Nadu for the first time, marking 

significant progress in understanding phytoplasma diversity in the region. 

The use of virtual RFLP analysis in sequencing sesame phyllody phytoplas-

ma highlights the importance of molecular techniques in characterizing 

these phytoplasma. The leafhoppers species complex, including O. albicinc-

tus, H. phycitis and A. bigutulla bigutulla was identified using species-specific 

taxonomical traits and a mtCOI gene-based genetic study confirmed their 

identities. In greenhouse studies on disease transmission efficiency, O. albi-

cinctus transmitted phyllody at rates ranging from 7.8 % to   84 %, while H. 

phycitis transmitted it at rates of 5.2 % to 74 %. Both species exhibited the 

highest transmission efficiency when three insects were placed on a single 

plant for 5 days of acquisition feeding, followed by one day of inoculation 

feeding. A comprehensive understanding of leafhopper-phytoplasma inter-

actions through molecular studies supports effective monitoring, early de-

tection and the development of integrated pest management strategies.   

 

Keywords  
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Introduction  

Sesame, Sesamum indicum (L.), from the Pedaliaceae family, is regarded as 

the first oilseed crop in human civilization, cherished for its highly aromatic 

odor, mellow flavor and nutritional value. Sesame seeds are an excellent 

source of carbohydrates (4.5–20.5 %), proteins (14.1–29.5 %), fiber (2.7–6.7 %), 
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vitamins (E-tocopherol and B1-thiamine), minerals and 

phytosterols (1). The seeds contain approximately 85 % 

monounsaturated essential fatty acids, primarily oleic and 

linoleic acids (33–63 %). Sesame oil has a long shelf life 

due to its high content of lipid-soluble lignans, mainly ses-

amol, sesamin and sesamolin (2). It is widely cultivated in 

tropical and subtropical regions, especially in Africa and 

Asia (3). In 2022, Sudan, India and Myanmar were the top 

global producers among the 69 countries growing sesame, 

yielding 12.3, 7.8 and 7.3 MM, respectively (4). However, 

sesame production in India falls short of meeting demand. 

Productivity is hindered by issues such as seed bursting, 

low harvest index, disease susceptibility and unpredicta-

ble plant behavior (5). One of the most significant chal-

lenges to sesame production is sesame phyllody, a disease 

caused by phytoplasmas of the species ‘Candidatus Phyto-

plasma’. This disease poses a serious threat to sesame 

production worldwide, particularly in major producing 

countries like India (6), with reported yield losses ranging 

from 80 % to 100 % (7). In recent years, phyllody has 

caused substantial losses for sesame farmers and has been 

a major reason for the reduction in cultivated areas. The 

disease manifests as yellowing, virescence, floral sterility 

and stem expansion in infected plants (8). Phyllody-

causing phytoplasmas belong to the 16Sr groups, especial-

ly 16SrI and II, which have been reported in sesame from 

India. The 16SrI-B and 16SrII-D subgroups are prevalent in 

North India, while 16SrII is found in South India. This sug-

gests that regional variations exist in the prevalence and 

distribution of phytoplasma subgroups affecting sesame in 

India (9). 

 The cell-wall-less phytoplasma resides in the plant 

phloem and can infect healthy plants through seed trans-

mission, vegetative propagation and insect vectors (10, 6). 

Insect vector-mediated transmission plays a crucial role in 

the horizontal spread of phyllody disease in sesame fields 

(11). Leafhoppers (Ciciadellidae: Hemiptera) have been 

identified as vectors of sesame phyllody phytoplasmas (6). 

Several species of leafhoppers are found worldwide har-

bouring sesame phytoplasma infections (10).  

 Globally, reports on sesame phyllody-transmitting 
leafhopper species vary, including Hishimonus phycitis Dis-

tant in India (6), Neoaliturus haematoceps (Mulsant & Rey) 

in Iran and Turkey (10), Orosius albicinctus Distant in Iran 

and India (14) and Orosius cellulosus (Lindberg) and Orosi-

us orientalis (Matsumura) in Iran, Pakistan, Turkey and 

India (10, 12). Among these, H. phycitis and O. albicinctus 

are regarded as the primary vectors of sesame phyllody (6, 

12, 13, 14) and have been found in several locations in In-

dia (15). Due to various factors in recent years, the com-

plexity of pests and diseases has been changing in crops, 

including sesame, particularly in the tropical regions of 

India, such as Tamil Nadu. In 2022–2023, Tamil Nadu pro-

duced 0.34 lakh metric tonnes of sesame from 0.52 lakh ha 

of cultivated area, highlighting the region's importance in 

meeting global sesame demand (6). Previous research has 

shown that sesame phyllody is associated with various 

phytoplasma groups and subgroups and is spread by 

different leafhopper vectors. In this study, the phytoplas-

ma responsible for sesame phyllody, identified as belong-

ing to the 16SrI-B subgroup, was successfully transmitted 

through insect vectors. However, no evidence of seed 

transmission was found. 

 Identifying vectors is crucial for managing them and 

controlling the disease they spread. Leafhoppers, in partic-

ular, are extremely difficult to manage due to their small 

size, polyphagous habits, invasive nature, high reproduc-

tive rates and the lack of effective biological control meth-

ods through recognized natural enemies (6). This makes 

leafhoppers a critical species that must be regularly moni-

tored, as they served as vectors for plant pathogens. The 

minute morphological differences between leafhoppers 

species pose a significant challenge to their identification 

at the species level. In this study, molecular characteriza-

tion of leafhopper species predominantly present in sesa-

me (O. albicinctus, H. phycitis and A. biguttula biguttula) 

was carried out, along with the assessment of their phylo-

genetic diversity, haplotype mapping and an investigation 

of phyllody transmission biology to confirm leafhopper-

phytoplasma interactions in sesame.   

 

Materials and Methods 

Molecular analysis           

Live leafhoppers and phyllody-diseased plant samples 

were collected from sesame-growing areas across various 

districts in Tamil Nadu, India and transported to the labor-

atory for molecular confirmation. 

Leafhoppers          

The collected leafhoppers, at both immature and adult 

stages were disinfected using a 3 % sodium hypochlorite 

(NaOCl) solution to sterilize their surfaces. After surface 

sterilization, the leafhoppers were rinsed 2–3 times with 

distilled water to ensure complete removal of any residual 

sodium hypochlorite, preventing interference with the 

DNA extraction process. Genomic DNA was then extracted 

using the Hot Sodium Hydroxide and Tris (HotSHOT) meth-

od (16). The purity and concentration of the extracted DNA 

were measured using a NanodropOneTM spectrophotome-

ter (ThermoFisher Scientific, Waltham, MA, USA) and the 

samples were stored at -20 °C for future use. The mito-

chondrial cytochrome c oxidase subunit I (mtCOI) gene 

(658 bp) was amplified via polymerase chain reaction 

(PCR) using an Eppendorf MastercyclerTM, (Hamburg, Ger-

many) in a total reaction volume of 20 μL. Universal pri-

mers LCO 1490 and HCO 2198, obtained from BioServe 

(Telangana, India) (17, 18), were used, following the proto-

col (19). The amplified DNA products were separated on a 

1 % agarose gel, stained with ethidium bromide (10 mg/mL), 

and quantified in NanodropOneTM at A260/280 nm to as-

sess DNA concentration and purity.  

 The PCR products were purified using the 

PureLinkTM PCR Purification Kit (ThermoFisher Scientific) 

and sequenced in both directions with double-pass Sanger 

dideoxy DNA sequencing, utilizing the mtCOI forward and 

reverse primers, at Biokart India Pvt. Ltd. (Bengaluru, 

India). The raw mtCOI sequences were manually edited 
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and annotated using the DNA MAN tool (Vrijenhoek, 1994). 

Reference sequences were retrieved from the National 

Centre for Biotechnological Information (NCBI) (Bethesda, 

MD, USA) and compared to determine sequence similarity. 

Species identity was confirmed through a homology 

search of the mtCOI gene using the BLASTn search engine 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The mtCOI se-

quences generated in the study were subsequently sub-

mitted to the NCBI GenBank database. 

Sesame phyllody pathogen         

Total DNA was extracted from the leaf tissues of sesame 
plants, both with and without phyllody symptoms, collect-

ed from the field using the method (20). DNA extracted 

from a glasshouse-grown, disease-free sesame plant was 

used as a negative control. Two sets of species-specific 

primers, P1 and P7 and R16F2n and R16R2, were employed 

in direct PCR and nested PCR to amplify the 16S rRNA re-

gion, including the 16S-23S intergenic spacer (ITS) region, 

tRNA-lle, and partial 23S rRNA region of the phytoplasma 

(21). After the PCR was completed, 5 μL of the PCR product 

were loaded onto a 1.0 % (w/v) agarose gel, stained with 

ethidium bromide and visualized under a UV transillumi-

nator. The nested PCR product, a 1.25 kb amplicon, was 

purified using the WizardR SV Gel and PCR Clean-up System 

(Promega, USA). 

Phylogenetic analyses        

Sesame phyllody phytoplasma 16S rRNA and leafhopper 
mtCOI sequences were retrieved from the NCBI GenBank. 

These sequences were edited using BioEdit software 

(version 7.0.5.3) and aligned with the ClustalW algorithm 

(22, 23). A phylogenetic tree was then constructed in 

MEGA-X using the neighbour-joining method with a boot-

strap value of 1000 iterations. The tree was subsequently 

coloured and visualized using the web-based iTOL soft-

ware (24). 

Virtual RFLP analysis         

Virtual RFLP (Restriction Fragment Length Polymorphism) 

analysis was performed using the iPhyClassifier online tool 

to determine the subgroup affiliation of phytoplasmas 

based on DNA fragment patterns generated through           

in silico digestion with specific restriction enzymes. In this 

analysis, DNA fragments from phytoplasma samples were 

virtually digested with 17 distinct restriction enzymes: AluI, 

BamHI, BfaI, BstUI (ThaI), DraI, EcoRI, HaeIII, HhaI, HinfI, 

HpaI, HpaII, KpnI, MboI (Sau3AI), MseI, RsaI, SspI and TaqI. 

These enzymes cut DNA at specific recognition sites, pro-

ducing fragment patterns of varying lengths. The selected 

enzymes are commonly used for phytoplasma 16S rRNA 

RFLP analysis (25, 26). 

Genetic diversity assessment and haplotype mapping of 

sesame phyllody pathogen          

The DNA Sequence Polymorphism software (DnaSP  

version 5.10) was used to import aligned sequences of 

16S rRNA along with additional downloaded sequences to 

reconstruct haplotypes and generate the data file (23). The 

software analysed polymorphism information, haplotype 

distribution, variance, standard deviation of haplotype 

diversity and the number of haplotypes. Using this haplo-

type data file, the PoPART software version 1.6.1 

(Population Analysis with Reticulate Trees, http://

popart.otago.ac.nz) was employed to create a minimum 

spanning network (MSN) to illustrate the geographic and 

evolutionary connections between haplotypes (22). 

Disease transmission studies         

Insect source          

Leafhopper nymphs and adults of each species were col-
lected from the phyllody disease-free sesame fields using 

aspirators (a glass tube, 10 cm in length and 2 cm in diam-

eter, attached to a 20 cm rubber tube). Randomly sampled 

leafhoppers from the field collections were PCR tested for 

the phytoplasma pathogen to confirm they were disease 

free. The collected leafhoppers were then released and 

confined to 30-day-old potted sesame (CO1) plants, which 

were kept in insect-proof cages under greenhouse condi-

tions, allowing leafhoppers to multiply. The plants were 

regularly watered and fresh plants were introduced into 

the culturing cages as needed to sustain feeding and en-

sure continuous multiplication of the leafhoppers. The 

final instar nymphs from the culture were carefully aspirat-

ed into test tubes, released onto 30- to 35-day-old potted 

sesame plants, and kept in confined, insect-proof cages. 

Once the nymphs matured into adults, they were used for 

transmission studies. 

Phytoplasma source        

Phytoplasma-infected shoots (30–40 cm in length) were 

excised from disease-infected 60–65-day-old sesame (CO1) 

plants at the Department of Oil Seeds, TNAU, Coimbatore 

(11.0122° N, 76.9354° E). The cut ends of the shoots were 

sealed and transported to the laboratory, where they were 

placed in 500 mL glass bottles containing sterile water. 

These bottles were then maintained in acquisition cages 

(24.5 × 24.5 × 24.5 cm) for leafhopper acquisition feeding. 

The presence of phyllody was confirmed through PCR us-

ing 16S rRNA primers, as described in the previous section. 

Experimental setup         

Leafhopper species O. albicinctus, H. phycitis and A. bigut-

tula biguttula were studied for their capability to transmit 

sesame phytoplasma in the greenhouse (30 ± 2.0 °C, L/D: 

16:8 and a relative humidity of 70–80 %). Acquisition feed-

ing periods of 1, 24 and 72 h, along with inoculation feed-

ing periods of 30 min, 1 h and 24 h were selected (26). 

Freshly emerged adults (50 male and female) of each leaf-

hopper species were released and confined to allow for 

acquisition feeding, with a 30 min buffer time provided for 

the leafhoppers to settle and feed in each test. After the 

recommended acquisition feeding, the leafhoppers were 

carefully removed from the acquisition cages and trans-

ferred to inoculation cages (45 × 45 × 45 cm3, 96 × 26 mesh) 

containing clean, disease-free, 20-day-old sesame plants, 

prepared as detailed hereafter. 

 Sesame seeds (CO1) were sown in pots (45 cm diam. 

× 45 cm H) placed in insect-proof cages (65.5 × 65.5 × 65.5 cm). 

The germinated seedlings were thinned to one per pot and 

were maintained with regular applications of fertilizer and 
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water. The inoculation test plants in the cages were kept 

under greenhouse conditions. After the inoculation period, 

the insects were killed by spraying insecticide imidacloprid 

at a concentration of 0.3 mL/L. The plants in each cage 

were continuously monitored for symptom expression 

until the harvesting stage. Healthy sesame plants were 

maintained as controls and no insects were allowed to 

interact with them. Data were recorded on the number of 

days taken to develop phyllody symptoms and the per-

centage of phyllody transmission. After the transmission 

test, symptomatic sesame plants in the experimental cag-

es were collected and subjected to further PCR analysis to 

detect the presence of phytoplasma. 

Seed transmission           

Ten phytoplasma-positive sesame plants of the CO1 varie-

ty with a disease index (PDI) of ≥ 85 % were randomly se-

lected and marked at the Department of Oil Seeds, TNAU, 

Coimbatore, for seed transmission assessment studies. 

Seeds were harvested independently from each plant and 

fifty seeds were randomly selected from each seed lot. 

Simultaneously, seeds collected from phytoplasma-

negative plants were used as negative controls. The col-

lected seeds were sown in earthen pots (45 cm diam. × 

45 cm H) and kept in insect-proof cages under greenhouse 

conditions. The seedlings were monitored for symptom 

development until the plants reached physiological ma-

turity (75 days). Finally, two randomly selected seedlings 

per pot were subjected to PCR analysis for the phyllody 

pathogen using 16S rRNA-specific primer sets, as ex-

plained in the previous section.  

 

Results  and Discussion 

Molecular analysis of the leafhopper species          

These analyses involved 53 nucleotide sequences of leaf-
hoppers targeted at the COI regions (Fig. 1). Among them, 

45 sequences were gathered from the NCBI database rep-

resenting populations from Israel, Tunisia, and several In-

dian states, including Tamil Nadu, Punjab, Haryana, New 

Delhi and Rajasthan. 

 Based on geographical differences, the sequences 

were grouped accordingly. The H. phycitis sequences from 

Tamil Nadu formed a cluster that included samples from 

Pudukkotai (PP124611), Thanjavur (PP124608), Coimba-

tore (PP124610) and Erode (PP124609). The remaining 

population from New Delhi (India) was scattered into sub-

clades with other sequences, indicating no significant vari-

ance among all sequences. 

 The O. albicinctus sequences were divided into 3 
minor clades: Tunisian, Indian and Israeli. The Tunisian 

population was well dispersed among the subclades in 

different clusters. Samples collected from Pudukkotai 

(OR229689) and Thanjavur (OR229688) were closely relat-

ed to the New Delhi sequences. The sequences from the 

present study exhibited 99 % similarity with O. albicinctus 

(LN879006) (27). All the Indian sequences of A. biguttula 

biguttula formed a single cluster, with 2 sequences from 

Tamil Nadu being very closely related (acc. no. PP124614 

and OR136458). 

Identification of phytoplasmas through sequence analy-

sis            

The genetic diversity and distribution of the phytoplasmas 

associated with sesame phyllody are illustrated in Fig. 2. 

These analyses included 63 nucleotide sequences, each 

1250 bp long, targeting the 16S rRNA region. The neigh-

bour-joining tree revealed the divisions of clades, repre-

senting the genetic makeup and evolution. Sequences 

from Iran formed a distinct clade and served as an out-

group. In the phylogenetic analysis of phytoplasma se-

quences from different countries, most sequences from 

regions such as Egypt, Oman, the USA, Vietnam and Turkey 

clustered together within single clades, though exhibited  

different clustering behaviour, indicating unique genetic 

characteristics or evolutionary history compared to phyto-

plasmas from other countries. This distinctiveness may be 

attributed to geographical isolation, specific environmen-

tal conditions or the prevalence of different phytoplasma 

strains in Paraguay. 

 The observation that all the Indian sequences (from 
New Delhi, Assam, Tripura, Mizoram, Rajasthan, Nagaland, 

Kerala and Telangana) formed a single cluster closely re-

lated to Paraguayan sequences suggests several intriguing 

possibilities. There is a high degree of genetic similarity 

between the phytoplasmas from these regions, which 

could point to a common ancestry. This shared lineage 

may indicate historical migration patterns or the spread of 

a particular phytoplasma strain across various parts of 

India. The clustering of sequences from Tindivanam 

(THINDI-PP866671), Namakkal (NMK-PP866379) and Tir-

uppur (TRP-PP866380) into a single clade, closly related to 

the Tamil Nadu clone (S4-PP729606), suggests a genetic 

affinity and possible shared ancestry among these phyto-

plasma isolates. Similarly, the grouping of sequences from 

Sivagangai (SVG-PP866392), Madurai (MDU-PP866391) and 

Virudhachalam (VS-VRI-PP866670) in close relation to the 

Tamil Nadu clone (S2-PP721311) highlights a strong genet-

ic connection among these phytoplasma isolates from 

different regions within Tamil Nadu. 

 The fact that sesame phyllody isolates from various 

locations within Tamil Nadu, including Erode (ERD- 

PP866293), Salem (SLM-PP866306), Ramanathapuram 

(RMD-PP866408), Pudukkottai (PDK- PP866407 & PDK-

VAMBAN-OR880898) and Coimbatore (CBE-OR880562, 

TNAU-VS- PP865964 and CBE-THON- PP866203), share 99 % 

genetic identity suggests a high level of similarity among 

these isolates. Additionally, these isolates are clustered 

with the Tamil Nadu clone (S5-PP721312 and TNSeI-

OR644124). This clustering pattern provides valuable in-

sights into the genetic diversity, population structure and 

evolutionary dynamics of phytoplasmas across different 

continents and regions. The close genetic relationship be-

tween sequences from Dindigul (DIND-I-PP869181) and 

Kerala (Trissur2021-ON332489) as well as between Erode 

(ERD-I-PP869180) and Uttar Pradesh (Kushinagar 5 isolate, 

Accession No. KF728954), indicates genetic similarity    

between phytoplasmas from these specific regions in In-
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dia. Phylogenetic analysis also revealed that the sesame 

phyllody phytoplasma sequences from New Delhi (GKP-3 

isolate, Accession No. KF744232) exhibited the highest 

level of similarity, approximately 99 %, to the sequences 

from Virudhachalam (VRI-OR880336). 

 The high level of similarity (around 99 %) observed 

between the sequences from Kerala (Trissur2021-

ON332489), New Delhi (GKP-3 isolate, Accession No. 

KF744232) and Uttar Pradesh (Kushinagar 3 isolate, Acces-

sion No. KF728954) and those from Dindigul (DIND-I-

PP869181), Erode (ERD-I-PP869180) and Virudhachalam 

(VRI isolate, Accession No. OR880336) in Tamil Nadu sug-

gests that the sequences from Dindigul, Erode and Viru-

dhachalam indeed belong to the 16SrI group of phytoplas-

ma.  

 This study, for the first time, reports the presence of 

the 16SrI group in Tamil Nadu, located in Southern India. 

This conclusion is supported by comparisons with se-

quences from Uttar Pradesh, Kerala and New Delhi, which 

are known to belong to the 16SrI group of phytoplasma 

(6). Previous studies have already reported the presence of 

the 16SrII group in South India (9). This analysis is crucial 

for understanding the genetic relationships and evolution-

ary history of various phytoplasma strains. It aids in cate-

gorizing phytoplasma isolates into specific groups or sub-

groups based on genetic similarity, which in turn provides 

valuable insights into their distribution, host range and 

potential agricultural impact. 

Virtual RFLP analysis          

Virtual RFLP analyses were performed on 16S rRNA se-
quences from various phytoplasma isolates, including 
those from Dindigul, Erode Tiruppur, Coimbatore, Puduk-
kottai and Tindivanam. The RFLP patterns of the Dindigul 
(DIND-I-PP869181) and Erode (ERD-I-PP869180) isolated 
were similar to those of 'Candidatus Phytoplasma aster-
is' (Genbank Acc. no. M30790), which is representative of 
16Sr group I, subgroup B (Fig. 3a–b). On the other hand, 
the sequences from the Tiruppur, Coimbatore, Pudukkot-

Fig. 1. Graphic representation of the neighbour-joining dendrogram. These analyses involved 53 nucleotide sequences of leafhopper complexes targeting the 
mtCOI regions. Out of this, 45 sequences collected from different Indian states, namely Tamil Nadu, New Delhi, Rajasthan, Punjab and Haryana (sky blue) and 
different parts of the world, namely Israel and Tunisia (fluorescent green), were included in the analysis. Eight sequences had been submitted to the NCBI and 
they were collected from different regions of major sesame-growing areas in Tamil Nadu, namely, Pudukkottai, Thanjavur, Coimbatore and Erode.  
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tai and Tindivanam isolates displayed identical to those of 
'Candidatus Phytoplasma aurantifolia'. 

 The Tiruppur isolate (TRP-PP866380) showed 97.15 % 
identity with a phytoplasma sequence belonging to the 
16Sr group II, subgroup N (GenBank accession: JF781309), 
with a similarity coefficient of 0.82 (Fig. 3c). The Coimba-
tore isolate (TNAU-VS-PP865964) exhibited 98.67 % identi-
ty with a sequence from 16Sr group II, subgroup D 
(GenBank accession: Y10097), with a similarity coefficient 
of 0.69 (Fig. 3d). The Pudukkottai isolate (PDK-PP866407) 
was 97.97 % identical to a sequence from the 16Sr group II, 
subgroup G (GenBank accession: EU099568), with a simi-
larity coefficient of 0.29 (Fig. 3e). The Tindivanam isolate 
(THINDI-PP866671) showed 96.82 % identity with a phyto-
plasma sequence from the 16Sr group II, subgroup G 
(GenBank accession: JF781309), with a similarity coeffi-
cient of 0.70 (Fig. 3f).  

 In this study, all the Tamil Nadu isolates, except 

those from Dindigul and Erode are closely related to 

'Candidatus Phytoplasma aurantifolia' and belong to the 

16Sr group II. The Dindigul and Erode isolates are part of 

the 16Sr group I and are closely related to 'Candidatus Phy-

toplasma asteris'. This is the first report of 16Sr group I in 

Tamil Nadu (Dindigul and Erode), building on earlier find-

ings from Kerala and other South Indian regions (28). The 

identification of 16Sr group I phytoplasma strains on sesa-

me in these areas provides important context for the cur-

rent discoveries in Tamil Nadu.  

Haplotype identification        

The MSN haplotype tree illustrates the global distribution 

of phytoplasma disease (Fig. 4a–b). A total of 127 haplo-

types were identified from 864 sequences collected across 

8 countries, showing low nucleotide and haplotype diversi-

ty. Each circle in the tree represents a distinct haplotype 

group, with the size of the circle proportional to the       

frequency of that haplotype. The lines connecting the cir-

Fig. 2. A graphic representation of the dendrogram constructed by the neighbour-joining method. 
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cles represent the mutations between each haplotype 

group, while the larger circles with multiple segments rep-

resent shared populations on a global scale. Each coun-

try’s haplotypes are color-coded for differentiation. The 

Hap_13 emerged as the most predominant haplotype, 

comprising 42 sequences, including samples from Delhi 

(17), Arunachal Pradesh (4), Assam (7), Tripura (2), Manipur 

(2), Mizoram (2), Nagaland (2), Meghalaya (1), Telangana 

(1), Karnataka (1), Rajasthan (1), Raichur (1) and Egypt (1). 

Hap_2 was the second most common haplotype, with 21 

sequences, including samples from Delhi (9), Turkey (3), 

Iran (7), Egypt (1) and Andhra Pradesh (1). Hap_10 was the 

Fig. 3. Virtual RFLP profiles were generated with the program iPhyClassifier from in silico digestion of the R16F2n/R16R2 DNA fragments (100-bp DNA ladder) of 
the sesame phyllody phytoplasmas and selected representatives of groups of 16SrI and 16SrII: a-b) Dindigul (DIND-I-PP869181) and Erode (ERD-I-PP869180) were 
similar to 'Candidatus Phytoplasma asteris' (Genbank accession: M30790) and belong to 16Sr group I, subgroup B; c) Tiruppur isolate (TRP-PP866380) belonging 
to 16Sr group II, subgroup N (GenBank accession: JF781309); d) Coimbatore isolate (TNAU-VS-PP865964) comes under 16Sr group II, subgroup D (GenBank acces-
sion: Y10097); e) Pudukkottai isolate (PDK-PP866407) belongs to 16Sr group II, subgroup G (GenBank accession: EU099568); f) Tindivanam isolate (THINDI-

PP866671) belonging to 16Sr group II, subgroup G (GenBank accession: JF781309). 
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third most prevalent haplotype, with sequence from Delhi 

(8), Karnataka (2) and China (1). Additional haplotypes 

Hap_4, Hap_5, and Hap_10, had 9, 4 and 4 sequences, re-

spectively. In total, 8 haplotypes were identified globally, 

while 30 haplotypes were represented by only a single 

specimen each. Till now, no haplotype studies have been 

conducted specifically on the ‘Candidatus Phytoplasma’ 

species, particularly regarding sesame phyllody. 

Phyllody transmission by leafhoppers            

The results of the transmission of sesame phyllody phyto-
plasma (Fig. 5a–d) through O. albicinctus are summarised 
in Table 1. All treatments (T1–T9) showed statistically sig-
nificant difference compared to the control (T10). The per-
centage of phyllody transmission by O. albicinctus ranged 
from 7.8 % to 84 %, depending on the treatment combina-
tions. The highest transmission rate of 84 % was observed 
in the treatment with 3 insects per plant + 5 DAF + 1 DIF 
(Days of Acquisition Feeding + Days of Inoculation  
Feeding). In contrast, the lowest transmission rate of 7.8 % 

 
Fig. 4. a) Hieroglyph of the MSN haplotype network tree for the 16S ribosomal RNA region of Candidatus Phytoplasma asteris lineages reported worldwide; b) 
Each circle represents a haplotype group identified. The size of the circles is proportional to the frequency of the haplotypes. The line between each haplotype 
represents the mutations between each haplotype group. 
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was recorded in treatment T1.  

 An earlier study also reported a similar transmission 
rate of 84.26 % with 3 leafhoppers per plant (29). The data 
suggests that the percentage of phyllody transmission 
increased as the DAF increased (T5, T7 and T8). The time 
for the first appearance of phyllody symptoms in all treat-
ments (T1–T9) ranged from 17 to 43 days (Table 1). The 
transmission rate was significantly influenced by the num-
ber of leafhoppers released per plant, the length of acqui-
sition feeding period, and the inoculation feeding period 
(29). After seven days of acquisition and inoculation feed-
ing by O. albicinctus, 60 % of the plants developed phyllo-
dy disease (30).  

 As evidenced by symptom development and nested 
PCR analysis, H. phycitis was also capable of transferring 
phytoplasma from diseased to healthy sesame plants, in-
dicating its role as a vector for phyllody. In the H. phycitis 
transmission assays, the treatment with 3 insects/plant + 5 
DAF + 1 DIF recorded 74 % of plants showing phyllody dis-
ease symptoms, which tested positive for phytoplasma in 
PCR analyses (Fig. 5e–f). Control plants did not exhibit any 
symptoms and were phytoplasma-negative in PCR studies. 
Previous studies have similarly reported transmission 
rates of over 80 % (31-34). Therefore, both O. albicinctus 
and H. phycitis are important vectors of phytoplasma in 
the tropical Tamil Nadu.  

 In contrast, transmission assays with A. biguttula 

Fig. 5. Experimental transmission of sesame phyllody phytoplasma: a) leafhoppers were maintained in insect-proof cages; b) acquisition feeding hoppers were 
maintained in acquisition cages; c-d) symptoms developed by O. albicinctus; e-f) symptoms developed by H. phycitis; g) symptoms were not developed by A. 
biguttula biguttula. 

Treatments 
Days required for the appearance of      

phyllody symptoms Percent of phyllody transmission (%) 

O. albicinctus H. phycitis O. albicinctus H. phycitis 

1 insects/plant + 1 DAF + 30 MIF T1 43 47 7.8 5.2 

1 insects/plant + 3 DAF + 1 HIF T2 38 42 18 10.5 

1 insects/plant + 5 DAF + 1 DIF T3 30 34 21 14.3 

2 insects/plant + 1 DAF + 30 MIF T4 32 35 44 17 

2 insects/plant + 3 DAF + 1 HIF T5 31 30 57 25 

2 insects/plant + 5 DAF + 1 DIF T6 27 32 41 35 

3 insects/plant + 1 DAF + 30 MIF T7 25 28 66 49 

3 insects/plant + 3 DAF + 1 HIF T8 23 30 77 57 

3 insects/plant + 5 DAF + 1 DIF T9 17 19 84 74 

No inoculation (Control) T10 0 0 0 0 

Table 1. Transmission of sesame phyllody disease by insect vectors, O. albicinctus and H. phycitis.  

*DAF: Days of Acquisition Feeding; *DIF: Days of Inoculation Feeding, *MIF: Minutes of Inoculation Feeding; *HIF: Hour of Inoculation Feeding.  
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biguttula showed that the test plants did not develop the 
disease and were PCR-negative for phytoplasma (Fig. 5g), 
indicating that A. biguttula biguttula is not a vector for ses-
ame phyllody disease (34). 

Phyllody transmission by seeds         

In the seed transmission studies, seedlings did not exhibit 

phyllody symptoms up to 75 days after germination and 

were PCR-negative for phytoplasma. These results suggest 

that sesame phyllody disease is not transmitted to the 

next generation through seeds of infected plants and is not 

seed-borne, as previously reported (33, 34).  

 

Conclusion  

Sesame phyllody poses a significant challenge in India’s 

sesame-growing regions. Molecular data indicate that the 

sesame phyllody phytoplasma forms a unique clade with 

well-supported subclades worldwide, revealing minor ge-

netic variations among global haplotypes that may en-

hance pathogen transmission. Transmission studies 

demonstrated a phyllody incidence ranging from 5.2 % to 

84 %, depending on the leafhopper species and environ-

mental conditions, with O. albicinctus and H. phycitis ex-

hibiting the highest incidence rates. In contrast, A. bigut-

tula biguttula did not transmit the phytoplasma. The iden-

tification of both 16Sr group I and II phytoplasma isolates 

in Tamil Nadu is a crucial finding, expanding our under-

standing of phytoplasma diversity in India. Enhanced sur-

veillance and monitoring of sesame-growing regions for 

the presence and spread of phyllody disease is essential. 

This effort should include tracking both the phytoplasma 

strains and their insect vectors to detect new outbreaks 

early. Additionally, establishing and enforcing quarantine 

measures can help prevent the introduction and spread of 

new phytoplasma strains and vectors to unaffected re-

gions.   
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