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producers Sesame seeds amegood source of edible oil
(50%) and protein (20%) with approximately 39% linolenic
acid and 47% oleic acidPhyllody disease in sesariseof
serious concern in many cultivatiareas,which signifi-
cantly diminishes its production, especially in warm envi-
ronments causing up to 80% vyield loss It was first
recorded inMirpur Khas (Sindh PakistaRrovince) in the
Indo-Pakistansubcontinat in 1908 (ref. 5). In subtropical
and tropical regions of the world, sesame phyllody is a
major disease that causes substantial tosthe econo-
my®’. The disease poses a major threat to production in
the worlds largest ssameproducing areas. lindia, in-
fected sesame cropse partially or fully sterile resulting
in complete yield loss and incidencangingfrom 10% to
100%(ref. 8).

Phytoplasmas are pathogens linked with several diseases
in both wild and cultivated plants. They are mostly sgre
in a propagative and persistent manner by insect vectors.
By consuming on a diseased plant, the insect vectors obtain
the phytoplasnm@and then transfethemto fresh/healthy
sesame plants after a latent time, where the phytopkasm
epass and develop iie insect vector bodies. Mampyto-
plasma vectors are found in three major taxonomic group
viz. leafhoppers (Cicadellidae), psyllids (Psyllidae) and

Sesamephyllody disease is of serious concern imany
sesamegrowing areas It significantly diminishes crop
production, especially in warm environments causing
up to 80% vyield loss. Weobservedvarious symptoms
of phyllody disease viz. flowery phyllody, virescence,
flower bud proliferation, ovivipary and cracking of
seed capsulerosius albicinctug(Distant) wasidentified
asthe vector of sesame phyllodySesame phyllody phy-
toplasma 16Srl strain sequences of India, Egypt and
Thailand were associated in one group; 16Srll strains
were grouped separgely, comprising sequences from
India, Iran, Taiwan, Turkey and Oman. 16SrlIX stains
of Iran (MW27256, KF774193 and MW272565) and
Turkey (KC139791) sequencesvere clearly distingui-
shed from the phylogenetictree. This result clearly shovs
the presence of dferent sesame phyllody phytoplasma
strains and diversity in the Indian subcontinent. Sesame
phytoplasma was effectively transmitted to the healthy
plants from infected plants of sesame througlD. albi-
cinctus, grafting and dodder. The most sustainable and
viable alternative for managing sesame phyllodycan be
an integrated strategy by combining cultural, host plant
resistance, biological, physical and chemical methods.
Sesame phyllody has become a potential threat to sesam
cultivation. Hence, it is necessary to take steps to re-
duce its further spread.In this article, extensive details

on distribution, taxonomy, symptomatology, etiology,
transmission, molecular characterization, genetic diver

sity, host plant resistance and management methods on range, epidemiology, molecular characterization, transmis-

phytoplasma infecting sesamare provided.

planthoppers (Fulgoromorpha). In thisticle, extensive
details onthe distribution, symptomatology, agnosis, hds

sion and integrated managemafitphytoplasma infecting

sesamare provided

Keywords: Host plant resistance, insect vectors, molec-
ular characterizationgesame phyllodysymptoms. Distribution

SESAME (Sesamum indicunh.) is an important oilseed . _
crop beloning to the Pedaliaceae familyt originated in Sesame phyllody has been mostly documented in African

Africa and is the oldest oilseed crop grown in many placé$'d Asian contries; so farit has been reported in Ugisf,

around the world. It was first mentioned around 4000 yearidan’, Burkina Fas#, Israet? Nigeria, Ethiopia, Tan-

ago in ancient Babylon and Assyria. Sudan (1,525,1G4"a, Venezuela, '\QeXiéb Ira;ql"', Thailzj})nés, Oma_ﬁj,
tonnes), Myanmar (740,00@nne3, the United Republic of Pakistan’, Myanmat®, Turkey®, Taiwarf® and Indid'.
Tanzania (710,00Q0nne3, India (658,000tonne3, and Sesame phyllodyn India has a larger geographic distribu-

Nigeria (490,000tonne$ are the top global sesame seedion. Still, it has been primarily recorded thus far from the
south (Tamil Nadu, Karnataka, Andhra Pradesh, Telangana

Maharashtra), north (Madhya Pradesh, Rajasthan, Gujarat,
Uttar Pradesh, Delhi, Haryana), ea®disha, Chhattisgarh

*For correspondence. {@ail: boopathiars@gmail.com
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Figure 1. Sesame plants showing different types of phyllody symptoa)ditile leaf symptom; I§, c) flower virescence (healthy and infected flow-
ers) and ) seed capsule cracking (healthy and infected capsules).

West Bengal) and North East (NE) India (Assam, MizoranDiagnosis
Tripura, Manipur, Nagaland, Arunachal Pradesh, Megha-

laya). Prior to the 1970s, sesame phyllody was prinfgidenti-
fied by symptomsthe presence of mycoplasnlize bodies
Symptomatology (MLOs) unde electron microscopy anithe blue colour of

phloem tissues in infected plants by Diénetain undern
We observed various types of symptoms for phyllody diseagght microscop&?223 Severalobservations of pleomorghi
to be associated with phyllodpfectedsesame planisiz.  bodies of 300800 nm weremadeusing transmission elec-
flowery phyllody, virescence, intense leaf and flower bugron microscopy (TEM) in infected ahtd420.2224_ Sesame
proliferation, ovivipary condition on sesame plant anghytoplasma was also observed by Southern hybridization
cracking of seed capsules (Figure However, virescence with specific DNA probe¥. Researchers identified the
and phyllodywereregistered more often compared to florabhytoplasma one or two decades ago using molecular techni
proliferation. Of this major class of symptoms, phyllodygues like PCR assays and restriction fragment length pol-
refers to the development leafy structuresn flowers in-  ymorphism (RFLP3'621.26 Genes such asecA tuf and
stead ofthe corolla, while virescence refers to corolla groEL for phytoplasma characterization associated with
changes from pink to green or white to greéabsequently, sesame phyllodyvere usedin addition to 16S rDNA(ref.
the disease is associatedtwihe cracking of seed capsules21). Primers ofthe secAgene were foundo be more spe-
dark exudates forming on floral and foliage parts, seedgic in identifying different seame phyllody phytoplasma
germinating within capsules, and yellowing occasionallystraing™. A restriction endonuclease digestion step folidwe
The symptoms of phyllodinfected plants of sesamvary by a virtual PCR RFLP analysis of 16S rDNA (1&5
depending on the stage of the crop and infectioetiin  was usedo classifythe phytoplasma strain to the riboséma
early stage of growth infection, the phyllody infectionsubgroup™
produced inteinodal elongation cessation, stunting and
leaf size reduction (to approximately twhirds of the
plant heigh). The whole inflorescenceas transformed Etiology
into reduced leaves tightlrranged at the stem top, twisted
with shorter internodé% Before flowering, the infected Phytgplasmas causing sesame phyllody are microscopic
plants displagd severe symptoms that spread over the entignd obligate parasites and have never been grown in an
plant, whereasnfected plants duringlowering showed axenic culture. They are provisionally known as Candidatus
severe symptoms on the top portipand somethes rudi- Phytoplasma. Species are delineated by genome size and
mentay flowers formed tiny capsules with morphed seedghylogeny, as well as ribosomal RNAhey are systemic
Infected capsules were also cracked longitudida#/ and limited to phloem cells within the plant. Thin hand
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Host range

Phytoplasmecan affect>600 various plant species. Phyl-
lody is not confined taultivated sesamesesamum indi-
cum It hasalsobeen found irBesamuna | a tSésamum
radiatum Sesamunoccidentaleand Sesamunindicatun®.
We also reported alternate hostsch asCrotonsp.,Parthe-
nium hysterophorusind Crotalaria juncea which serve
asinoculums (Figure 4)In India, Sclerocarpus africanus
andCannabis sativdhave beemecently noticed as natural
hosts of sesame phyllody diseds&he phytoplasma detec
ed in sesame was also detected in eggplant and Sepper

Epidemiology

Figure 3. Transmission electron photomicrographs showptgyto- . L .
plasma in sieve tubes in the phloem of infected sesame leBlaek ~ Climate variability and change may have a maffect on
arrows indicate pleomorphic bodies of the phytoplasma. vectorborne plant diseases. Rainfall, relative humidity and

temperature are highly correlated with the onset of sesame
phyllody and reproduction, development, behaviour and
sections ofphyllody-infected and healthy sesame leavepopulation dynamics of vectdfsThe decrease or incredse
treated with Dieng stain showed blue areas in the phloenthe occurence of phyllody will mostly depend on the weather
region undethe light microscopeindicatingphytoplasma conditionsas well ason ecological and epidemiological
in the phyllodyinfected tissues. Howevethe healthy leaf factors. Although it is difficult to predict the precise effect
sections did not show any blue cotadhough treated with of phyllody disease from sustained weather change, its
Diendgs stain in our stud(Figure 2).Colour differentiation  impact could be complicatedby adjusting the vector (in-
was observed in the phloem of phyllethfected plants sed)i host (sesamé&pathogen balanc&he frequent precipi-
but not in other tissuedany pleomorphic bodies dhe tation and lower temperature witthigh relative humidity
phytoplasma in sieve elements of companion cejteem are favourable conditions for disease occurrence.
cells, and cells othe phloem parenchyma of diseased pdan
were olservedusing TEM (Figure 3). They were mainly
spheical, but beaded, elongated, duriiell shaped and InNsect vectors
curved structureswere also observedRibosomelike
granules next to the unit membranes were found in largsyllids, planthoppersnd leafhoppers are considered vectors
bodies. In the central region of some cetlark strands, ©f phytoplasnas, which aremainly categorzed in theorder

probably DNA were found’. Threadlike structures were Hemipterd’. Among insect vectorsQrosius albicinctus
possibly protein structures amohj-Ds bodies®. (Distant; Figure 5) was identified as a main vector of sesame
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Figure 5. Sesame phyllody vect@rosius albicinctugDistant).

phyllody?*21332 Sesame phyllody was also transmitteg of phytoplasma, which is associated with different diseases,
Orosius cellulosud, Hishimonus phycitisDistan?® and causes huge yield losses in India. T®@ndidatis Phyto-
Circulifer haematocepéMulsant and Rey¥. plasma spstrain SS02 has been implicatedtive phyllody
disease of sesame collected in New Delhi, India. The genom
sequence of strain SS02 was obtained using its genomic
DNA enrichment and hybrid assembly of sequences generat-
ed on the lllumina @d Oxford Nanopore Technologie

Figure 6 presents ahglogenetic tree based on 16S rDNA, .
showing the relationships among sesame phyllody phytrl\/llnlON platforms. The hybrid assembly strategy generated

) . L a draft genome with 60 contigsaving a total length of
plagna strains constructed blye neighbotjoining method 553,2280p with more than 408 depth coverage and

using Mega 7.0 software. GenBank accession NUMbers igz 5o "o imateq completen®s§he SS02 draft genome
specified in the treewhile the numbers on branches are

bootstrap values obtained for 2000 replicates. The tree peeguace contaid 465 proteircoding genes, 17 FRN.A
. genes andhreerRNA genes. The draft genome availailit

grouped the sequences in th@Stl, 16Srll and 16SrIX also provided a basis for genomeale genotypic analyse

subgroups.Sesame phyllody phytoplasni®6Srl strain se-

querces ofindia, Egypt and Thailand were associated ia on

group. 16Srll strains were grouped separatetynprising Transmission ofsesame phyllody phytoplasma

sequences from India, Iran, Taiwan, Turkey and Oman.

16SrIX stains in Iran (MW27256, KF774193 and MW272 Sesame phyllody phytoplasmeas successfully transmitted

565) and Turkey (KC139791) sequencean beclearly by insect vectors, grafting and dodd@ugcuta campess).

distinguished from the tree. This result clearly shows th€he following methods werased for efficient transmission

presence of differergsesame phyllody phytoplasmst&rains of sesame phyllody phytoplasma.

and diversity inthe Indian subcontinent $Supplementary

Molecular characterization of phytoplasma

Table J. Insect transmission
Draft genome sequence ofandidatus In the presenstudy, sesame pfioplasma waffectively
Phytoplasma australasia transmitted to healthy plants from infected plants of sesame

throughO. albicinctusunder nethouse conditionswhich
CandidatusPhytoplasmais an intracellular bacterial plant is in line with earlierstudied?26:3436, Hogenhoutet al.®’
pathogen transmitted by insect vectors. Among the phytoeported that the symptormight occur seven dayafter
plasma group, the 16Srll group or peanut wischroom phytoplasma introduction by a vector (host insect) but
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Figure 6. Phylogenetic tree of sesame phyllody distribution across the world.

may be much longer, based on the plant species and plof-the grafted plants. In all the grafted plants, the causative
toplasma. agent (phytoplasma) was successfully transmitted to thealt
plants, producing phylloddisease symptoms within 236
day#?. Phytoplasmas travel from source to sink in plants
and can pasthrough thephloem tissuever sievetube ele
mentse,

Graft transmission

In the presentstudy, the sesame phyllodyhytoplasma

transmission fronthe infective to healthy sesame plants

was successfully carried olty grafting (Figure &), Dodder transmission

which aligns with earlier studie$324353¢ The symptoms

beganwithin 30 days of graffig and continued until 40 Sesame phytoplasma weffectively transferred fronphyl-
days and phyllody phytoplasmavas transmitted to 80% lody-infected plants to healthy sesame plants irhwetse
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Figure 7. Transmission of phyllody disease in sesame plants thra)girdfting and i) dodder Cuscuta campestiis

Table 1. Resistant and tolerant cultivars of sesame to segaylody

Cultivar Reaction Country Reference
Sesamum alatum Resistant India 45, 52, 53
Sesamum mulayanum Tolerant India 44, 45
Sesamum yanaimalaiensis Resistant India 45
SVPR 1 Resistant India 45
JT-21, Swetha, Rama, Sekhar Tolerant India 46
GTG-30, GT-10 Moderately resistant India 54
KMR14, Pragati, KMR14 RT54, Resistant India 53
PragatiZ ORM17 and Pragati KMR75

0SG366, JLW620 Moderately resistant India 55
Argane, F85 Moderately resistant Ethiopia 56
T™MV 4 Resistant India 57

conditions by dodderd. campestris Figure 7b), which  strategy by combining cultural, hegtant resistance, bio-
aligns with earlier studieg>24353¢ |t took 35i 50 days for logical, physical and chemical methéls

the doddetransmitted plants of sesame to show symptoms

after phyllody transmission. Seveai the tenplants used
to transmitthe doddedisplaced clear phyllody symptoms
accompanied by floral virescence and yellowing of th
leaves. Disease transmission by doddas noticed in only
20% of disease transmissi&n Dodder could be an effi-
cient means of natal disease transmission in the field.

Cultural control

Some cultural methods, crop rotatisamovalanddestruc-
tion of infected plants, late sowing, intercropping with pigeon
pea (1 1), etc. could control or prevent phyllody dis¢dsé
Integrated management of phyllody and its vector HOst plantresistance

The most sustainable and viable alternative method fdable 1 presents several resistant and tolerant cultivars of
managingphyllody and its vector can be an integratedesame against sesame phyllody. Sesame collections from
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Figure 8. Reaction of §) resistant (cv. GIL0) and ) susceptible (cv. RH270 showindeafhopper damage in lower leaves) gen-
otypes of sesame against sesame phyllody and leafhopper.

NE India recorded minimum phyllody incidence compaied Future line of work

the other region¥. S. alatum S. yanaimalaiensisS. mu-

layanun Burm andS. prostratumwvereresistant to sesame Sesame phyllody has become a potential threat to sesame

phyllody**4° Sesame cultivarsiz. JT-21, Rama, Swetha cultivation. Hence itis necessary to take steps taluee

and Sekhar have beewportedto toleratephyllody dis- its further spread. Sona themare as follows:

easé®. In the presenstudy, the genotypgsviz. GTG-30

and S05-27 recorded low leafhopper populationdawere ¢ Extensive survey of sesame growing areas of the coun-

also tolerant to phyllody (Figur@). try to identify regionsand seasons free from phyllody
disease.

9 Identifying the alternate hosts and weeds which would
serve as potential reservoirs for the phytoplasma and
insect vectors during the season andsefisons.

1 Leafhoppers are important vector species responsible
for diseasespread More informationregardingvectoii
phytoplasma and vectigolant interactions is important
for enhancedtontrol of phytoplasmassociated disease

Botanical control

Leafhopper incidencwas substantially decreased by the
application of natural and indigenous proddttsSeed
treatment with imidacloprid neem oil @ 3% application
and karanj oilwasfoundto be more efficient in reducing
the incidence of phyllody dised€eKumaret al*® exami

: . ) . in sesame.
ned theefﬂcacy_of neem oil and NSKE in controlling ses-ﬂ Identifying critical factors priming phyllody develop-
ame phyllody disease. ment
9 It is important tostudythe genetic diversity of sesame
Antibiotic control phyllody in other sesamgrowing countries to identify

the various phytoplasmas infecting this species.
Antibiotic sprays (tetracycline and oxytetracycline) in comy To eradicate alternative plant hosts and control insect
bination with insecticide seed treatmewere found to be vectors to avoid further spread of the disease, epide-
highly efficient in the prevention of phyllody inciderdéé miological studies should also be performed.
1 Sesame phyllody management approaches also need
attentionfor developing resistant genotypes.
1 Incorporation of intrinsic or transgenic resistance into

L . agronomically superior cultivars.
Seed_treatme_nt_wnh |m|_daclopr|d (@ 6g/k_g) followed by‘ﬂ Development ofa sustainable integrated phyllody
spraying of imidacloprid (2nl/101) or thiamethoxam management packagerfadoption by the farmers
(2 9/101) or clothianidin (0.5g/1) substantially reduced '
the incidence of insect vector (leafhopper) and phyllody
infectionf®5%51 The applicationof dimethoate 30 EC @
0.1% combined with pigeon peesesame intercropping - ;gfo’ h';oolcjf a”? tﬁg”cu&ure Ofgznizaggno Stt?)“Sti;g'zo')Databaser

. H H ) [/lTaostat.tao.org/accessed on ctober .
(1'3?) effectively ContrO”.edthe ms.eCt _v®r. Pathaket 2. Shyu, Y.pS. and Hwangd-. S., Antioxidative activity of the cae
al.** recorded a substantial reduction in insect vector pop- exiract of lignan glycosides from unroasted Burma black sesame
ulation by application of methyd-demeton @0.025%. meal.Food Res. Int 2002,35, 357 365.

Chemical control
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