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ABSTRACT 

Phytoplasma inhabiting sieve elements of plants are potentially destructive plant 

pathogens which are the main causual agents of phytoplasma diseases transmission. 

These plant pathogens are transmitted from one plant to another plant via insect vectors 

like leaf hoppers, tree hoppers and plant hoppers. They are also transmitted through 

grafting, propagation material (seeds) and dodder plant species. The diseases caused by 

phytoplasma are destructive in nature and has been reported to cause substantial yield 

losses by restricting the growth of plants and modifying their floral strctures into leafy 

structures which result in no seed formation. The current study was conducted to examine 

etiology, taxonomy, symptomatology and transmission of phytoplasma infecting oilseed 

crops (brassica species, sunflower and sesame) in Pakistan and their associated insect 

vectors. Experiments were carried out in "Dr. Jam Laboratory" Department of 

Entomoogy, University of Agriculture Faisalabad. Infected samples of Brassica, Sesame 

were collected from Rahim Yar Khan, Khanewal, Dera Ghazi Khan and Faisalabad 

districts of Punjab during a survey 2015-2019, Pakistan. Infected plants showed leaf 

reddening or yellowing, hypertrophied calyxes, floral abnormalities, greening of petals, 

sepal hypertrophy and abnormal shoot proliferation. Diseased plants expressing 

characteristic symptoms was confirmed by Polymerase chain reaction (PCR) using 16Sr 

DNA and tuf DNAs, followed by Restriction Fragment Length Polymorphism (RFLP) and 

sequence comparison of tuf genes and 16S rRNA. The results indicated that 16SrIX-H 

phytoplasma strain was identified for the first time as new subgroup associated with sarson 

(Brassica compestris) disease in Pakistan. Presence of phytoplasma was also detected via 

microscopy and transmission trias using dodder and insect vector Orosius albicinctus. For 

sunflower and sesame same molecular and transmission tests were used to identify 

phytoplasma group and subgroup. Detected phytoplasma in sunflower samples belonged 

to ‘16SrII-D while on sesame 16SrIX-H and 16SrII-D phytoplasmas were identified in 

infected plant samples. The insect vectors, Orosius albicinctus, Orosius argentatus in 

sesame crop while Circulifer tenellus, Orosius argentatus in sunflower crop were shown 

as confirmed vectors for phytoplasma transmission. The further field survey are needed to 

identify these 16SrIX-H and 16SrII-D phytoplasmas in other agricultural crops. These 

phytoplasma associated diseases are managed by developing resistant varieties and proper 

control of insect vectors.  

https://www.cabi.org/isc/datasheet/13636
https://www.cabi.org/isc/datasheet/13636
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CHAPTER 1 

INTRODUCTION 

1.1: Phytoplasmas 

 Phytoplasmas are wall-less intracellular obligate potential bacterial 

phytopathogens, restricted to phloem sieve areas of plants and are classified as Mollicutes 

(Seemuller at al., 1998; Firrao et al., 2005; Al-Saleh et al., 2014). Phytoplasmas are 

Gram-positive bacteria that are hardly culturable in cell-free media (Contaldo et al., 2012, 

2016; 2019). These pathogens are reported to be linked with various plants maladies and 

result in 70-100% economic losses in fruit trees, ornamental plants and many other crops 

all over the world (McCoy et al., 1989; Seemuller at al., 2002; Bertaccini, 2007; 

Hogenhout et al., 2008). These pathogens interfere with several pathways primarily 

involved in plants defense system and induce many physiological ailments (Ahmad et al., 

2014). Several hundred diseases in nearly 1,000 species of plants belonging to nearly 300 

genera are linked with phytoplasma existence worldwide (Hoshi et al., 2007; Bertaccini et 

al., 2014; Ahmad et al., 2017). 

 These phytopathogenic bacteria have faced a reductive evolution (low G+C 

content), and lost their important metabolic genes while depending on their host life 

cycles (Oshima et al., 2013); therefore their genome is the smallest among living 

microorganisms. Pulsed-field gel electrophoresis (PFGE) analysis after examining 

different phytoplasma strains revealed that the smallest genome size of phytoplasma is 

530 kbp (Bermudagrass white leaf phytoplasma), while 1,350 kb is considered to be the 

largest phytoplasma genome size (Marcone et al., 1999). Phytoplasmas are pleomorphic 

in shape; contain ribosomes and DNA and their size ranges from 0.2-0.8 µm in diameter 

(Kube et al., 2012). Their shape may be filamentous, helical or spheroid.  

 Doi et al. (1967) exposed the presence of phloem colonizing prokaryotes in 

some plant diseases which have morphologically resemblance to mycoplasmas, and 

called them ‘mycoplasma-like organisms (MLOs), later they were renamed as 

phytoplasmas (IRPCM, 2004). As soon as phytoplasma entered in plants system via 

phloem sieve elements, they get dispersed in the whole plant while passing through sieve 

plate pores. Rarely, a few phloem parenchyma cells associated with sieve tubes of phloem 

tissues also get attacked. The yellows symptoms appeared on plants as a result of the 



 
 

2 

association of these phytoplasmas with plants that were revealed by Ishii et al. (1967) and 

Doi et al. (1967). 

 Phytoplasmas presence is associated with typical symptoms in host plants like 

stunted growth, loss of apical dominance, yellowing, reddening, proliferation of shoots or 

roots, little leaf, internode shortening, flattened stem, general decline, witches’ broom, 

sometimes death, flowers sterility, virescence (formation of green flower due to loss of 

pigmentation), phyllody (leafy structure instead of flowers) and big bud (Bertaccini et al., 

2014). Sometimes phytoplasma symptoms presence is accompanied by cellular 

alterations, like phloem necrosis, callose deposition nearby plasmodesmata and sieve 

plates and accumulation of starch in chloroplasts as well as their disorganization 

(Musseti, 2006). 

 Transmission and dissemination of phytoplasmas from diseased to healthy 

plants take place in salivary glands of different insect which are potential vectors for 

phytoplasmas like plannthoppers (Fulgoridea), jumping plant lice (psyllidae) and 

leafhoppers (Cicadellidea) (Weintraub and Beanland, 2006), moreover, these pathogens 

also get transmitted via vegetative propagation (Lee et al., 1992) and seeds (Calari et 

al., 2011; Satta, 2017). 

 Phytoplasma insect transmission takes place through a persistent manner, 

starting from the taken up of this pathogen via stylet while feeding on infected plant sap. 

The time required to take a sufficient titer of phytoplasma is called acquisition access 

period (AAP), it ranges from a few minutes to hours, chances of transmission increases 

with the increase in the AAP duration (Purcell, 1982; Weintraub, 2007; Galetto et al., 

2016). The pathogen is then transported to the intestine of insects and finally absorbed 

into the hemolymph starting a latency period that makes the insects infected. After 

completion of latency period, the insects become infected for the whole life and can 

transmit the phytoplasmas while feeding on healthy plants becoming vectors (Carraro et 

al., 1998; Maixner and Reinert, 1999; Marzachì et al., 2004; Christensen et al., 2005; 

Maggi et al., 2014). 

 The identification of phytoplasmas was difficult when molecular-based 

identification techniques were not developed. So at that time phytoplasma detection was 

done based on disease symptoms observations. Different microscopic methods were used 

in which very thin pieces of phloem tissues from phytoplasmas diseased plants were 

inspected under the electron microscope. Molecular techniques used for detection purpose 

of phytoplasma started in 1980s and included ELISA methods using monoclonal 
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antibodies (Loi et al., 2002). In the early 1990s, PCR-based detection methods were 

developed which allowed accurate phytoplasmas identification (Schaff et al., 1992; 

Chen et al., 1992). Phytoplasma ribosomal groups and subgroups establishment are done 

using Restriction Fragment Lenghth Polymorphism (RFLP) technique on the 

phytoplasma 16S rDNA amplicons or sequences, which provide pattern resulting from the 

digestion with seventeen restriction enzymes (Bertaccini and Lee, 2018).  

 Phylogenetic analyses of phytoplasmas is established on several preserved 

genes which conclude that they contitute a discrete, monophyletic clade in class 

Mollicutes. They are placed in the 'Candidatus Phytoplasma’ genus (IRPCM, 2004). 

Many 'Ca. Phytoplasma' species are now described for strains which have <97.5% 

similarity in their 16S rRNA gene sequences, among them 'Ca. P. aurantifolia' (linked 

with citrus witches' broom) and 'Ca. P. australiense' (linked with Australian grapevine 

yellows) (IRPCM, 2004).  

 It is difficult to control or cure plants infected with phytoplasma diseases. 

Phytoplasmas epidemics can only be managed by controlling insect vectors which stand 

responsible for their transmission and dissemination from infected to healthy plants or by 

directly eliminating these pathogens from plants tissues via chemicals, antibiotics and 

meristem tip culture (Veronesi et al., 2000; Chung and Choi, 2002; Bertaccini, 2007; 

Laimer and Bertaccini, 2019).  

 Studying phytoplasma-host relationships revealed that immunodominant 

membrane proteins (IDPs) are found in huge amount on external surfaces of 

phytoplasmas cells (Kakizawa et al., 2004; Trivellone et al., 2019). These IDPs are in 

direct contact with both plant and insects host and thought to play critical part in 

phytoplasmas infection in both hosts (plants and insect vectors). These are three different 

groups of IDPs (1): antigenic membrane protein (Amp) (2): immunodominant membrane 

protein A (IdpA) (3): immunodominant membrane protein (Imp). Blocking of IDPs using 

a specific single-chain variable fragment (scFv) or antibody in insect vectors or plants 

could play effective part in reducing the phytoplasmas infection in both hosts. So this 

makes the IDPs suitable target sites for developing resistance in both hosts (Le Gall et al., 

1998; Kakizawa et al., 2006b; Pacifico et al., 2015; Konnerth et al., 2016). 

1.2: Oilseed crops selected in this study 

 Oilseeds crops are important for the human diet after sugar and cereal crops in 

Pakistan. These crops are used to produce vegetable oil which is a better source of energy 

than carbohydrates and protein and supplies 2.5 times more energy. It has some essential 
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vitamins D, E and fatty acids which are considered important for the human body. 

Vegetable oil is comparatively better for human health. Pakistan with a large human 

population needs around 3.726 million tons of vegetable oil for consumption annually. 

3.264 million tonnes of vegetable oil of about US$ 2.710 billion were imported and 0.462 

million tonnes were produced locally to meet the requirements during 2015-16. Due to 

some biotic and abiotic factors, more than 50% of the potential yield of oilseed crops is 

lost, so there is dire need to enhance local produce of these oilseed crops to fulfill the 

nation’s demand for vegetable oil and to save foreign exchange. 

Here is a brief description of the different crops studied.  

1.2.1: Brassica species:  

They belong to the family Brassicaceae, cultivated worldwide in around 53 countries and 

have been spread over the five continents globally. Mustard and rapeseed are important 

brassica species grown in Pakistan. Brassica species are enriched with oil contents which 

are 40-60% and produce realtively good quality oil. Moreover, its meal has 38-40% 

protein contents which have a complete amino acids profile like cysteine, lysine and 

methionine. Oil obtained from canola cultivars are of better quality considered fit for 

human food and also considered a better feed for poultry birds. Therefore developing 

canola quality rapeseed shall increase the production and use of rapeseed oil for human 

meal and animal feed. Among other oilseed commodities, canola crop has high varietal 

potential which has significantly contributed to the locally produced edible oil. In 2012-

13 mustard and rapeseed were cultivated on area of 238,861 hectares with a total 

production of 220,318 tonnes with an average yield of 922 kg/ha. Major constraints to 

increased production include the attack of different insects, diseases, unbalance of 

fertilizers and low-quality seed. Brassica species are cultivated in all four provinces of 

Pakistan. Cultivated varieiteis of brassica species in Pakistan are Westar, CON-I, 

Shiralee,CON-II, Pakola, Sultan Raya, CON-III,  BARD-1, Anmol Raya,Canola Raya, 

PARC Canola, KS-75, Pak-Cheen, Khanpur Raya, Abasin 95, Dunkeld, Hybrid, Sarhein 

95, Chakwal-Raya, Oscar 19-H, Tandojam Raya, UAF-11, Rainbow. Areas in Punjab 

province include Rawalpindi, Attock, Islamabad, Chakwal, Jhelum, Faisalabad, Jhang, 

Toba Tek Singh, Kasur, Sahiwal, Okara, Multan, Vehari, Khanewal, Muzaffargarh, Dera 

Ghazi Khan, Layyah, Rajanpur, Rahimyar Khan, Bahawalpur and Bahawalnagar, areas in 

Sindh province include Ghotki, Khairpur, Sukkur, Nawabshah, Naushehro Feroze, 

Jacobabad, Shikarpur, Kashmir, Kamber Shahdad Kot, Larkana, Mirpurkhas, Sanghar, 

Dadu, Umerkot, Thatta and Jamshoro, areas under Khyber Pakhtunkhwa include Mardan, 
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Nowshera, Mansehra, Swabi, Dir, Swat, Dera Ismail Khan, Bajour and Kohat, areas 

under Balochistan include Jaferabad, Nasirabad, Jhal Magsi and Dera Murad Jamali 

(PARC, 2014). 

1.2.2: Sesame (Sesamum indicum L.):  

It belongs to the family Pedaliaceae. Sesame flower is bell-shaped with white 

color with a hint of red, yellow or blue branched or branchless. This crop is grown for 

seed production; its seed is rich in oil contents and commonly known as “til”. This crop 

grows better in well-drained sandy soil with a hotter climate and is found in subtropical, 

temperate and tropical regions worldwide mainly present in South America, Africa, 

China, India, and Pakistan. Sesame is major oilseed crop grown in Pakistan. It is grown in 

both rain-fed and irrigated areas. The seed contains 22.0% of protein contents and 50-

58% of oil contents. Oil produced from sesame is of better shelf life and quality. This 

crop is grown in around 65 districts of the country in both rain-fed and irrigated areas. In 

2012-13 area under cultivation of sesame crop was 70,900 ha and yielded 29,100 tonnes 

with an average yield of 411 kg/ha. During the year 2004-05, its international marketing 

was very promising because seed worth 1.5 billion rupees was exported to Jordan, Iran, 

Turkey, Thailand, and Korea. Cultivated varities of sesame in Pakistan are Punjab Till-89, 

SG-43, SG-30, TS-3, SG-51, TS-5, SG-27, TH-6. There are some areas in Pakistan which 

are considered comparatively better areas for cultivation of sesame crop and these areas 

include Sialkot, Gujranwala, Gujrat, Faisalabad, Bhakkar and Attcok in Punjab; 

Hyderabad, Dadu, and Tharparkar in Sindh; Dera Ismail Khan and Kohat in Khyber 

Pakhtoonkhwa and Lesbela and Naseerabad in Balochistan (PARC, 2014). 

1.2.3: Sunflower (Helianthus annuus L.):  

It is one of the few crops which originated in North America in 1,000 BC. 

Initially, it was called “camp flower”. Later it was carried to eastward and southward of 

North America. The seed of the sunflower crop contains 39 to 49% of oil contents 

(Putnam et al., 1990). This crop is mainly cultivated in temperate and tropical regions as 

food crops for humans and also as ornamental plants. In Pakistan sunflower is a potential 

oilseed crop. Its seed is rich in oil contents. This crop is mostly grown for oil production; 

the oil obtained from sunflower is of the highest quality. The area under sunflower 

cultivation in 2012-2013 was 196,000 hectares with a total yield of 243,000 tonnes and 

yield was 1239 kg/ha. Currently, this oilseed crop has gained the top position as an edible 

oil crop and reached 16% in domestic edible oil production. About 65% of yield potential 

https://en.wikipedia.org/wiki/Temperateness


 
 

6 

of this crop has not been achieved due to some biotic and abiotic factors like the poor 

quality seed, sub-optimal inputs, unfavorable climatic conditions, cultivation on marginal 

lands, birds attack, insect’s pests, and phyllody diseases. Cultivated varieties and hybrids 

of sunflower in Pakistan are PI-6480, SF-187, NK-265, Hysun-33, SMH-0907, 

Skyscraper, SMH-091, SMH-9706, PARC-92E. Sunflower is mainly cultivated in Dera 

Ghazi Khan, Multan, Mailsi, Vehari, Rajanpur, Muzaffar Garh, Bahawalpur and Lodhran 

(Punjab), Hyderabad, Thatha, Badin, Umarkot, Mirpur Khas, Sanghar, Tando Muhammad 

Khan and Mipurkhas in Sindh; Dera Ismail Khan, Mardan, and Swabi in Khyber 

Pakhtunkhwa and Sibi and Nasirabad in Balochistan (PARC, 2014). 

Phytoplasma are phytopathogenic bacteria. They cause hundreds of diseases in 

diverse species of plants all over the world. They reside within sieve tubes cells and are 

naturally transmitted to plants by sap-attacking insects. Phytoplasma affected diseased 

plants express varied series of symptoms appering on reproductive and non-reproductive 

plant parts that result in generalized decline and plant death. More than 700 phytoplasma 

associated diseases in more than 300 different species of plants have been identified the 

majority of which are transmitted by insects. The sap-feeding insect vectors include 

Cicadellidea (leaf-hoppers), Psyllidea (jumping plant lice) and Fulgoridea (plant-

hoppers). Phytoplasmas can be found worldwide geographically, and they have been 

reported in at least 85 countries. In addition, their geographical region is expanding 

because of the internationalization and intensification of agriculture and climate change. 

Nonetheless, many phytoplasmas are confined to a continent or to a definite geographical 

area. Like, phytoplasmas belonging to 16SrXI (rice yellow dwarf) and 16SrII (Peanut 

witches-broom) are mostly confined to South-east Asia. Geographical separation of some 

phytoplasma to a particular region seems to correlate with dispersal of their insect vectors 

and plant hosts native to a particular region. Many phytoplasmas are dispersed outside 

their regions of origin. In India and Iran different strains/groups of phytoplasma and 

associated disease have been found and work is being done there to control them. In 

Pakistan, phytoplasma associated diseases and putative insect vectors are spreading 

rapidly and up to now, very slight work has been conducted on the detection as well as 

identification of phytoplasma from different host plants and even fewer studies focus on 

the identification of insect vectors on which phytoplasmas depend for transmission. 

Nothing has been done on genome sequencing and annotation of phytoplasma. In order to 

improve crop yields, it is important to develop knowledge of which phytoplasmas infect 

fruits, vegetables, crops etc and how they are being transmitted. This will enable future 
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studies on phytoplasma abundance, distribution, host plant resistance and proper 

management practices. Pakistan is an agricultural country and it is very important to 

control the spread of phytoplasma-associated diseases and their insect vectors. So, it is 

essential to carryout joint project on phytoplasma related diseases and insect vectors.  

This project was designed to identify phytoplasma-associated diseases and their insect 

vectors on oilseed crops particularly Brassica, Sesame and Sunflower.  

1.3: Objectives of the project 

The present study has been undertaken to detect as well as identify the different 

strains of phytoplasmas linked with oilseed crops and their potential insect vectors. 

Sampling symptomatic plants and insects were done from different regions of Punjab, 

Pakistan under the followings objectives:  

1. Molecular and microscopic detection and characterisation of phytoplasmas in 

different selected economically important oilseed crops. 

2. Molecular detection of phytoplasma in insect vectors and their identification 

through transmission trials. 

3. Transmission studies of identified phytoplasma through different means of 

transmission. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Phytoplasmas are phloem-restricted cell wall less bacterial plant pathogens that 

reside plants sieve elements and are linked with several plants and insect hosts (Lee et al., 

1998b; 2004b). Earlier different plant diseases were reported to be caused by viral 

infections, have been accepted as spiroplasma or phytoplasma diseases during the past 

five decades. In 1967 Japanese scientists (Entomologist and Phyto-pathologist) 

documented microorganism’s detection which resembled mycoplasmas in diseased plant 

samples and different vector insects, and also successful cure of infected plants with the 

help of tetracycline treatment (Maramorosch, 2011). After phylogenetic analyses revealed 

that mycoplasma-like organisms belong to a large, monophyletic clade in class 

Mollicutes, and were termed phytoplasmas (IRPCM, 2004). Phytoplasma are linked with 

economical yield losses in many low - high values, annual and perennial crops globally 

(Bertaccini, 2007). This review contains detection, diversity, classification and important 

features of phytoplasmas including pathogenicity and symptoms. 

2.1: Discovery of phytoplasmas 

These plant pathogens were at first discovered in mulberry plants in which they 

were lying as pleomorphic bodies in phloem areas of diseased portion of plants in Japan 

(Doi et al., 1967). After their discovery these pathogens were termed as MLOs because of 

their resemblance for morphology and ultrastructure to mycoplasmas (human and animal 

pathogens). So, due to their resemblance to mycoplasmas these pathogens were termed as 

MLO or Mycoplasmas like organism, later renemed as phytoplasmas. Sequence studies of 

16S rRNA and many other related genes allowed to propose that phytoplasmas reside in 

class Mollicutes which closely relate to Acholeplasma species rather than Spiroplasma 

species or animal mycoplasmas (Lim and Sears, 1992; Oshima and Nishida, 2007; 

Oshima et al., 2013). Phytoplasmas lack their outer wall of cell, have small genome size 

(Oshima et al., 2013), like mycoplasmas they have low G+C contents (Glass et al., 2000) 

and endop-symbiotic bacteria (Wernegreen, 2002). On the basis of 16S rRNA gene 

analyses, it is proposed that the Mollicutes arose by degenerative evolution from the 

Gram positive bacteria (Maniloff, 1992; Woese et al., 1980). In the last decade, 

sequencing of whole genomes for many phytoplasma strains has been completed. These 

phytoplasmas strains include (AY-WB) witches’-broom and onion yellows M of ‘Ca. 



 
 

9 

Phytoplasma asteris’ (AY phytoplasmas), (strain AT) AP agent ‘Ca. Phytoplasma mali’ 

and Australian strain (PAa) and strawberry lethal yellows (SLY) strain present in New 

Zealand, these both are  of ‘Ca. Phytoplasma australiense’ (Bai et al., 2006; Andersen et 

al., 2013; Tran-Nguyen et al., 2008), which enabled well to understand the way of host 

interaction as well as virulence (Oshima et al., 2007, 2011; Hoshi et al., 2009; Oshima et 

al., 2013).  

2.2: General characteristics of phytoplasmas 

Observation of ultrastructure of phytoplasmas by electron microscope revealed 

that the phytoplasma cells are pleomorphic with a diameter ranging between 200 and 800 

µm. Other observations suggested filamentous form in phytoplasmas (Waters and 

Osborne, 1978; Haggis and Sinha, 1978; Lee et al., 2000). Generally, mycoplasmas 

deprived of genes required for biosynthesis of sterol, tricarboxylic acid cycle, de novo 

nucleotide, fatty acid and amino acid; thus, they are entirely dependent on host lives to 

provide them the produces of these paths (Razin et al., 1998). Moreover, the genes 

responsible for these biosynthesis paths have not been reported in phytoplasma. Though, 

as compared to mycoplasmas, phytoplasmas appear to have lost more metablic genes 

(Oshima et al., 2004; Bai et al., 2006), also include those genes responsible for pentose 

phosphate pathway. As an alternative, phytoplasma harbor several copies of genes 

involved in transport functions which can not be found in mycoplasma (Oshima et al., 

2004). These genomic characters advocate the phytoplasma dependence on their hosts for 

metabolic contents (Oshima et al., 2013). There is a provision of spacer region lying 

between 16S and 23S on ribosomal regions of phytoplasma genomes that make them 

genetically different from mycoplasmas (Kube et al., 2008; Oshima et al., 2004). 

Dissemination of phytoplasmas mainly relies upon sap sucking insects belonging 

to order Hemiptera. The primary insect vectors involved in phytoplasmas dissemination 

are leafhoppers, psyllids and planthoppers (Weintraub and Beanland, 2006). 

Phytoplasmas are associated with hundreds of plants diseases infecting thousands of 

plants species all around the world (Hoshi et al., 2007; Bertaccini et al., 2014; Ahmad et 

al., 2017; Malik et al., 2020). 

Different kinds of specific and non-specific symptoms appear on plants infected 

by phytoplasmas. Disease symptoms depend upon phytoplasma strain, disease stage, 

hosts plants, plants age as well as environmental conditions (McCoy, 1979; Seemüller et 
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al., 2002). Different signs of phytoplasma infection comprise flower discoloration, 

virescence, big bud, phyllody, proliferation of flowers and many other deformities, all 

resulting in rosetting, elongated internodes, witches’ broom, sterility, enlargement of 

stipules, phloem tissue discoloration, shortened internodes, and off-season growth. The 

non-specific most common symptoms in woody plants comprise of reddening, leaf roll, 

foliar yellowing, vein necrosis, vein clearing, immature auyumn colorstion, small leaves, 

enlargement, undersized fruits, immature defoliation, sparse foliage, slow terminal 

growth, stunting plant growth, decline and dieback (Wilson et al., 2001; Bertaccini et al., 

2014). Sometimes, diseased plants show no symptoms throughout their lifetime; 

permanent or a temporary escape of symptoms can occur. Evidence about concentration 

of phytoplasmas suggests the differences in concentration of this pathogen in diseased 

plants. Herbaceous plants like periwinkle, lettuce, Brassica species,celery and tobacco are 

considered to contain higher concentration of phytoplasmas, while lower titres and 

irregular distribution of phytoplasma in phloem tissues were found in woody hosts, in which 

phytoplasma was hard to detect (Berges et al., 2000; Bertaccini and Duduk, 2009).  

2.3: Classification of phytoplasmas  

In late 1980s and 1990s, better techniques used for nucleic acid-based assays were 

introduced which provided well understanding of genetic interrelationships and diversity 

of phytoplasmas. For reliable and general phytoplasmas detection system, different 

advanced molecular techniques viz RFLP, PCR, nested-PCR established on 16S rDNA 

were applied (Lee et al., 1998a; 2000; Seemuller et al., 1998; Bertaccini et al., 2014). The 

approach of using PCR-RFLP studies of 16S rDNA fragment with a set of seventeen 

endonucleases provided reliable, rapid and simple ways to identify and differentiate 

phytoplasma (Lee et al., 1993; 1998). The use of many other genetic markers have been 

suggested like 16S-23S rRNA intergenic spacer, 23S rRNA region, several ribosomal 

proteins (rp), rplV, (rpl22)–rpsC (rps3), tuf, secA, secY, uvrB-degV, map, nusA and rpoB 

genes to discriminate almost similar related different strains of phytoplasma (Marcone et 

al., 1999; 2000; Botti et al., 2003; Shao et al.,  2006; Arnaud et al., 2007; Hodgetts et al., 

2008; Mitrović et al., 2011; Lee at al., 2010, 2011; Valiunas et al., 2013; Perez-López et 

al., 2016a). All these genes have been used to achieve a finer differentiation of 

phytoplasmas in different species or RFLP groups (Perez-López et al., 2016b). Subgroups 

allocation can be done with the combination of rp gene sequences and RFLP analyses; 

subgroups allocated by this methodology were according to sub-clusters documented by 
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dot and Southern hybridizations of phytoplasma genomes employing a variety of cloned 

DNA probes of phytoplasma (Martini et al., 2007b; Lee et al., 1998). Phytoplasma 

group/subgroup classification system is mainly relied upon RFLP studies of 16S rRNA 

gene sequence studies (Zhao et al., 2010; Wei et al., 2007; 2008), and over 40 

‘Candidatus Phytoplasma’ taxa were formally documented with every group having 

subgroups labelled by letters (Harrison et al., 2014; Perez-López et al., 2016a; Davis et 

al., 2016; 2017).  

Naming system for novel phytoplasmas was proposed by the IRPCM 

Phytoplasma/Spiroplasma Working Team-Phytoplasma Taxonomy Group (IRPCM, 

2004). This Group proposed that “a ‘Candidatus Phytoplasma’ species depiction should 

mention to a single 16S rRNA gene sequence (>1200 bp)”, as well as a strain can be 

documented as a ‘Ca. Phytoplasma’ species if it has <97.5% similarity in its sequence of 

16S rRNA to that of already documented ‘Ca. Phytoplasma’ species (IRPCM, 2004). 

2.4: Phytoplasma diseases symptoms  

A well-known symptom posed by phytoplasma infection is phyllody; leafy 

structures appear on plants instead of normal flower. This suggested to the change in 

expression level of genes which are associated with flower development (Pracros et al., 

2007; Cozza et al., 2008). Yellowing of leaves is another phytoplasma symptom linked 

with phytoplasmas presence in phloem region of plants interfering with its function and 

the normal carbohydrates transportation. Starch contents in the roots of pear decline 

infected trees were one half as compared to the healthy trees which were one third (Batjer 

and Schneider, 1960). Photosynthesis process, particularly photosystem II (PS II) is 

inhibited in many plants infected by phytoplasmas. Infested plants mostly show a 

yellowing of the leaves which is due to carotenoids and chlorophyll breakdown, whose 

biosynthesis is also repressed. Grapevine yellows (GY) are a group of phytoplasma 

diseases which are associated with grapevine with almost similar symptoms, this group of 

diseases are subjected to the leaves yellowing and downward curling of leaves on stunted 

shoots (Davis et al., 1997a; b). Induced expression of some enzymes like sucrose 

synthase and alcohol dehydrogenase I has been confirmed in phytoplasmas attacked 

grapevine plant samples (Hren et al.,2009). another phytoplasma induced symptom in 

plants is the virescence which leads to formation of green flowers. Flowers sterility can 

also be observed in phytoplasmas infested plants (Kaminska and Malinowski, 1996). 
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Sometime bushy appearance or witches’ broom appears on plants due to variations in 

normal growth as a result of phytoplasma infestation. Most plants show the phenomenon 

of apical dominance but in case of phytoplasma infection, the plants show axillary shoots 

proliferation and abnormal elongations of internodes that results in small flowers, leaves 

and shortened internodes (Lee et al., 2000; Bertaccini, 2007). Axillary shoots 

proliferation was also observed in papaya (Carica papaya L.) associated with 

phytoplasmas in India (Verma et al., 2012). 

2.5: Economic importance of phytoplasma diseases 

Phytoplasmas maladies are linked with hundreds of plants species comprising of 

important fruit crops, ornamental plants, food crops, vegetable crops, shade and timber 

trees (Seemüller et al., 2002; Lee et al., 2000; Bertaccini, 2007). Many ailments with 

undefined etiology were re-identified to be associated with different phytoplasma groups 

as well as various newly emerged diseases have been detected in previous years, 

endorsing the wider presence of same symptoms linked with diverse phytoplasmas (Chen 

et al., 2008; Bertaccini and Duduk, 2009; Teixeira et al., 2009). 

Infections resulting from these pathogens are the main limiting elements which 

affects important crop production on global level. Aster yellows phytoplasmas are 

responsible for huge destruction of economic efficiency in several vegetable crops 

(celery, carrot and lettuce) and ornamental plants (purple coneflower, hydrangea and 

gladiolus) in Canada and America (Lee et al., 2004a). X-disease and peach yellows 

contributed during the ‘90s to financial damage of cherry and peach in many states of 

USA (Guo et al., 1998; Douglas, 1999). ‘Candidatus Phytoplasma pruni’, is an important 

threat to different Prunus species such as apricot, peach, nectarine, plum, chokecherry 

and cherry in USA (Davis et al., 2013; Lenz and Dai, 2017). Lime witches’ broom 

contributed to the economic loss of citrus species in many regions of Middle East, 

phytoplasma infection in citrus crop is so high that traditional lime production is almost 

getting eliminated in Oman and has since spread to India, Iran and United Arab Emirates 

(Mardi et al., 2011). 

Maize bushy stunt and potato witches’ broom contributed to economic damage of 

corn and potato commodities respectively in South and Central America (Jones et al., 

2004; Orlovskis et al., 2017), rice yellow dwarf is associated with the economic damage 

of rice commodities in several Southeast Asian regions (Jung et al., 2003); sweet potato 
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crops are severely affected by witches’ broom and similar diseases in Australia and Asia 

(Jung et al., 2003); cassava crops are affected by cassava witches’ broom in South 

America (Arocha et al., 2009b; Flôres et al., 2013); grapevine production is badly 

affected by grapevine yellows diseases in Australia and Europe (Constable et al., 2003; 

Zambon et al., 2018). Pear decline, European stone fruit yellows, Apple proliferation and 

many other fruit crops maladies decrease both quality and production of fruits in Europe 

(Laimer et al., 2016); phytoplasmas diseases associated with legumes like peanut 

witches’ broom, soybean and sesame phyllody contribute to economic damage of these 

commodities in Asian countries (Akhtar et al., 2009; 2013; Kumar et al., 2012; Chung et 

al., 2013; Rao et al., 2015; Singh et al., 2016; Venkataravanappa et al., 2017). 

In spite of these crops fruit trees are also severely attacked by phytoplasma linked 

maladies like mulberry dwarf and coconut lethal yellowing that decrease the occurrence 

of these fruit trees in several continents. Witches’ broom or elm yellows is a lethal disease 

that is associated with nearly elimination of old and new trees in America and Europe; in 

some cases plants withstanding severe phytoplasma attack later on get destroyed by 

successive infections (Bertaccini, 2007). In order to restrict phytoplasmas diseases, 

movement of diseased plants species should be limited on international level by strict 

quarantine measures (Lee et al., 2000; Bertaccini, 2007). 

2.6: Interaction with hosts 

Induction of different symptoms by phytoplasmas like yellowing, witches’ broom, 

phyllody, stunting and virescence (Bertaccini, 2007) were thought to be produced by 

different effector proteins that modulate the normal plant development, cellular 

development and also plant defense systems (Hogenhout and Loria, 2008). 

The mining of the whole genome sequence of AY-WB exposed the presence of 

such genes which encode for proteins established on N-terminal signal peptides (SP) 

presence. These effector proteins (SAPs) are primarily engaged in interaction with insect 

and plant cell components (Bai et al., 2009; Anabestani et al., 2017). Transgenic 

Arabidopsis plants infected with AY-WB strain of phytoplasma expressed SAP11 that 

resulted in shoots proliferation and curly leaves similar to the witches’ broom symptoms. 

Further studies exposed that SAP11 protein engages with plants transcription factors 

TEOSINTE BRANCHED1, CYCLOIDEA, PROLIFERATING CELL FACTORS 

(TCP). These transcription factors are further grouped as class I and II. Class II 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zambon%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28945521
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transcription factors have two types TB/CYC (TEOSINTE 

BRANCHED1/CYCLOIDEA) and CIN (CINCINNATA). Class II CIN-TCPs regulates 

cell maturation while cell proliferation is regulated by Class I TCPs. A fine stability 

between these TCPs regulate normal plant growth (Martin-Trillo and Cubas, 2010; Chang 

et al., 2018; Sugio et al., 2011; Pecher et al., 2019). Co-expression analyses revealed that 

SAP11 effector proteins down regulate CIN-TCPs (Sugio et al., 2011) which results in 

over production of large, curly leaves (Efroni et al., 2008) as well as axillary stems  in 

mutants of TB/CYC-TCPs (Aguilar-Martínez et al., 2007).  

AY-WB strain effector protein SAP11 also down regulates plant transcription 

factors IV (TCP IV), which leads to suppression of LOX2 gene expression that 

considered critical for plant hormone jasmonate (JA) production (Schommer et al., 2008). 

On the other hand down regulation in JA biosynthesis encourages egg laying capacity of 

phytoplasma transmitting leafhopper Macrosteles quadrilineatus which ultimately lead to 

the fitness of vector by increasing its numbers. Newly hatched leafhopper nymphs take up 

phytoplasmas by feeding on diseased plants and disperse this pathogen by migrating to 

healthy plants, starting the process anew (Sugio et al., 2011). 

Hoshi et al. (2009) screened OY (Onion yellows) phytoplasma effector proteins 

which induced witches’ broom and dwarfism symptoms in Nicotiana benthamiana.The 

conforming gene was entitled tengu (In Japanese witches’ broom–like symptoms are 

entitled tengu-su). Transgenic Arabidopsis plants expressing TENGU showed a wide 

range of morphological disorders like dwarfism (i.e., extreme short intermodal distance) 

witches’ broom, sterile flowers phyllotaxis defects. Microarray study of these Arabidopsis 

plants exposed down-regulation of many auxin efflux carrier genes and auxin responsive 

genes.  

2.6.1: Effects on photosynthesis and sugar metabolism 

In plants systems, phytoplasmas cause the hormonal imbalance, phloem functions 

disorders, sap contents in phloem, necrosis, callose installation in sieve tubes and finally 

destruction of sieve components. Source to sink translocation of carbohydrates is reduced 

due to existence of phytoplasmas in sieve tubes which result in clogging of these sieve 

tubes. Photosynthesis is also affected by the carbohydrates accumulation in mature leaves 

(Siddique et al., 1998; Lee et al., 2000; Guthrie et al., 2001; Christensen et al., 2005). 

Phytoplasma infection also affects photosynthesis by reducing photosynthetic pigments, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=30165491
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chlorophyll content, changing the concentration of nitrate reductase ribulose-1,5-

biphosphate, soluble proteins, thylakoid membrane proteins and carboxylase as studied in 

grapevines and apples infected with Apple proliferation and Bois noir phytoplasmas 

(Bertamini et al., 2002a,b; Bertamini et al., 2003). Among others, the role of Flavescence 

dorée phytoplasma in deregulating stomatal check amid photosynthesis in Vitis vinifera is 

also very significant (Vitali et al., 2013). Such results were also confirmed by studying 

the aster yellows phytoplasma in clover phyllody in periwinkle and marigold (Tagetes 

erecta L.) (Lepka et al., 1999; Rojas Martinez et al., 1999).  Photosynthetic rate, root 

respiration and stomata conductance were decreased in infected plants. Sugar and starch 

contents increased in intermediate leaves, whereas a rapid decrease in root carbohydrate 

concentrations was reported after phytoplasma infection. The PLY phytoplasma induced 

permanent stomata closure in coconut palms, leading to development of symptoms like 

leaf yellowing, reduced photosynthesis rate and finally lead to palm death (Rojas-

Martínez et al., 1999). Maize bushy phytoplasma infected corn plants expressed increased 

proteins, reduction in phenolic compounds, sugar contents and decreased chlorophyll 

contents which suggested changes in plant’s metabolism due to phytoplasma infection 

and interfering with photosynthesis (Junqueira et al., 2004). It is evident that 

phytoplasmas infecting host plants like coconut palm, C. roseus, Nicotiana tabacum, 

Ziziphus jujuba, maize, mulberry and grapevine can affect carbohydrate metabolism by 

inhibiting phloem transport (Junqueira et al., 2004; Maust et al., 2003; Gai et al., 2014; 

Prezelj et al., 2016; Xue et al., 2018). Callose depositions were exposed in the sieve tubes 

of V. faba (Musetti et al., 2013), C. roseus and Euphorbia pulcherrina infected with 

flavescence dorée phytoplasma (FDp) (Christensen et al., 2004). The former has been 

resulted due to Ca2+ influx in sieve tubes. The process of callose depositions in sieve 

plates depicts cellos synthase transcript induction in grapevine plants diseased with bois 

noir phytoplasma (BNp) as well as sucrose cleavage enzyme induction (Santi et al., 

2013b) and deposition of starch, soluble sugars and sucrose in infected leaves (Maust et 

al., 2003; Gai et al., 2014; Lepka et al., 1999). Changes in physiological functions like 

stomata conductance, altered secondary metabolism, reduced the photosynthesis, plant 

hormone imbalance and induce hydrogen peroxide accumulation and these could be 

linked to symptoms exposed by phytoplasma diseased tobacco, C. roseus (Choi et al., 

2004; Lepka et al., 1999), grapevine (Musetti et al., 2007; Rusjan and Mikulic-Petkovšek, 

2015; Gambino et al., 2013) and E. pulcherrima (Nicolaisen and Horvath, 2008). 

However in BNp-infected plants, such transcripts of the genes are reported to increase 
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which encode for the enzymes involved carbohydrates production (Santi et al., 2013a; 

Landi and Romanazzi, 2011).  

2.6.2: Effects on plant secondary metabolites 

It is evident that several species of plants directly boost up secondary metabolites 

particularly phenolics by their defense system in reaction to phyto-pathogen outbreaks 

(Bennett and Wallsgrow, 1994). Biosynthesis process of anthocyanine is mainly 

correlated with abiotic and biotic stress like pathogens outbreaks (Chalker-Scott, 1999). It 

was revealed that in response to environmental stimulus 85% boost up in total antioxidant 

capacity (TAC) and 60% boosyt up in flesh of wounded potatoes comparing with control 

(Fernando and Cisneros-Zevallos, 2003). Periwinkle infected with Apple proliferation, 

Clover phyllody, faba bean and stolbur phytoplasmas triggered rise in metabolites 

production associated with the biosynthesis of terpenoid indole or phenylpropanoids 

alkaloids (loganic acid, vindoline, secologanin and chlorogenic acid). Additionally, high 

titres of succinic acid and polyphenols were detected in phytoplasma infected leaves, as 

revealed nuclear magnetic resonance (NMR) spectroscopy based on principal component 

analysis (PCA) (Choi et al., 2004). Favali et al. (2004) reported increased alkaloid 

production in periwinkle in infected clover with the clover phyllody phytoplasma. The 

alkaloids (ajmalicine, vindoline, vinblastine, vincristine and serpentine) were extracted by 

reverse phase high-pressure liquid chromatography (HPLC). Plants produce defense 

proteins, including pathogenesis-related type-5 (PR-5) (e.g. thaumatin-like protein in 

tobacco), phenolic compounds and hydrogen peroxide as a response to infection of (i) 

periwinkle plants by the “stolbur” phytoplasmas, Aster yellows and Apple proliferation 

(Jagoueix-Eveillard et al., 2001), (ii) corn plants (Zea mays L. ) by the maize bushy stunt 

phytoplasmas (Junqueira et al., 2004) and (iii) apple trees (Malus spp.) by the Apple 

proliferation phytoplasma (Musetti et al., 2004). 

2.6.3: Phytoplasma effects on plant gene expression 

The differential display reverse transcription PCR (DDRT-PCR) system was 

developed as a tool for detection and characterization of altered gene expression in 

eukaryotic cells under varying conditions (Benito et al., 1996; Truesdell and Dickman, 

1997; Seehaus and Tenhaken, 1998; Carginale et al., 2004).   

Jagoueix-Eveillard et al. (2001) selected the differentially expressed cDNAs to 

compare cDNAs of healthy periwinkles and those infected by different phytoplasma 
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strains. Sterol-C-methyltransferase (an enzyme involved in phytosterol biosynthesis) 

expressed to be downregulated in plants causing leaf yellowing and stunted infected by 

stolber phytoplasma unlike aster yellows phytoplasma, ‘Candidatus Phytoplasma 

aurantifolia’ and apple proliferation phytoplasma. Some other putative genes like ribulose 

1,5-biphosphate carboxylase-oxygenase (involved in catalyzing CO2 fixation reactions) 

and transketolase (involved in sugar transport) were also down-regulated after 

phytoplasma infection.  

Carginale et al. (2004) studied the European stone fruit yellows phytoplasma 

infected apricot. After the identification of altered gene expression through DDRT-PCR, 

it was shown that the gene that was downregulated, encodes a specific protein 

homologous to an amino acid transporter already studied in Arabidopsis thaliana and the 

genes that were upregulated include those that encode the heat-shock protein HSP-70 and 

a metallothionein (MT) (which functions in various processes, like folding of nascent 

proteins, transport of receptors in plants, cell recovery from stress).  

Carginale et al. (2007) studied the variation in gene expression of host plants by 

phytoplasma infection suggests that the phytoplasma disease symptoms appeared by 

enhanced and repressed gene expression of those that control the physiology of plants. 

The exact mechanism behind the activation/inhibition of gene expression due to 

phytoplasma infection is not clear, however, more than one mechanism thought to be 

responsible for altered gene expression in the host.   

Hren et al. (2009b) performed quantitative PCR to examine the expression of heat 

shock protein 70 (Hsp70), alcohol dehydrogenase I (Adh1), and sucrose synthase (SuSy) 

in grapevines infected by FD and BN phytoplasmas. Sucrose synthase, which functions in 

carbohydrate metabolism in plants, was considerably up-regulated in infected plants, a 

clear indication of changing in carbohydrate metabolism in phytoplasma infected plants, 

as compared to recovered plants. Hsp70 and AdhI, (which functions in oxidation and 

reduction of the carbonyl groups of alcohols, a sign of hypoxic conditions) were 

considerably up-regulated in infected plants. 

Himeno et al. (2011) conducted a comparative gene analysis on OY-W 

phytoplasma strain (‘Candidatus Phytoplasma asteris’, onion yellows wild strain) 

infecting petunia plants. In phytoplasma infected floral organs, excluding the stamens, 

various homeotic genes expression such as PhGLO1, FBP7and PFG found to be 
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significantly down-regulated. Moreover, floral meristem identity genes (ALF, DOT, and 

TER) expression was also found to be downregulated in meristems of infected petunia 

which indicates the overexpression of certain homeotic genes due to some complex 

effects on floral development. 

2.7: Detection methods of phytoplasmas  

2.7.1: Microscopy Techniques 

A highly efficient and sensitive microscopy technique i.e. TEM and fluorescence 

microscopy can be used to visualize the fine details about the phytoplasmas residing the 

plant tissues. In 2004, Musetti and Favali reviewed the detection and study the 

localization of phytoplasma in its host plants at cellular level (Lebsky and Poghosyan, 

2014) by using microscopy techniques. For this purpose, staining techniques such as 

thionin-acridine orange staining and Dienes’ staining are performed after free hand 

sectioning in which thionin-acridine orange stained sieve tubes of diseased plants (Cousin 

et al., 1986) and phytoplasma nonspecific dienes’ staining also impart blue color to the 

colonized sieve tubes under light microscope (Deeley et al., 1979). However the staining 

techniques only help to detect the probable localization of phytoplasmas.  Since DNA-

binding fluorochromes such as 4′,6-diamidino-2- phenylindole (DAPI), readily bind to 

AT-rich regions of DNA so it thought to be more specific for phytoplasma DNA as it also 

enriched in AT-regions (Hiruki and Rocha, 1986; Seemüller, 1976; Hogenhout and 

Šeruga, 2010; Eriksson et al., 1993). In tomato plants in-situ visualization of BN 

phytoplasma was performed by utilizing particular probes of DNA (e.g., SYTO13) and 

DAPI stained leaf sections that were examined under epifluorescence microscope (Buxa 

et al., 2016). TEM helped to discover phytoplasma (Doi et al., 1967) that showed the 

complete blockage of the sieve tubes of phloem tissues by the colonization of 

phytoplasma exhibiting different sizes and shapes (Waters and Hunt, 1980). Now the 

study of ultrastructure of phytoplasma in their native state become possible due to 

advancement in instrumentation and new sample preparation methods in which after 

cryofixation samples are directly observed undermicroscope  (Devonshire, 2013). 

Although these microscopy techniques helped a lot to identify and study a number of 

phytoplasmas but not in all cases. However effective microscopy study can be achieved 

by combining electron/ light microscope with immunological techniques (Musetti and 

Favali, 2004). As combination of branded oligonucleotides with confocal microscope 
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(Bulgari et al., 2011) or electron microscope (Lherminier et al., 1999) helped to detect 

phytoplasma in plants such as ‘Ca. P. solani’, and FD locally and specifically by in-situ 

hybridization. 

2.7.2: Molecular based detection Methods 

Before the development of molecular methods, diagnostic techniques for 

phytoplasma detection were mostly dependent on symptomatology and electron 

microscopy techniques (Haggis and Sinha, 1978). However, these methods proved to be 

laborious, time-consuming and often accompanied with inconclusive results. PCR based 

techniques like RFPL not only improved sensitivity of the diagnostic procedures for 

phytoplasma disease, but also added specificity to phytoplasma identification (Dickinson 

and Hodgetts, 2013). These analyses helped a lot to amplify 16S rDNA for classification 

phytoplasmas into 30 groups and over 40 subgroups (Lee et al., 2000; Firrao et al., 2004). 

Primer sets developed on the base of conserved sequences such as intergenic region of 

16S-23S region, 16S rDNA, tuf and secY genes and ribosomal protein gene operons have 

contributed tremendously in real-time and nested PCR techniques for detection, 

identification, amplification and classification of specific phytoplasma (Gudersen et al., 

1996; Wei et al., 2004a; Schneider et al., 1997; Martini et al., 2007, 2012). Moreover, in 

woody hosts other obstacles such as low titer and uneven distribution of phytoplasma in 

different organs during different seasons make the detection of the phytoplasmas more 

complicated. Real-time PCR has been proven to be better than the conventional PCR in 

aspects of speed and sensitivity of the detection (Firrao et al., 2004). 

2.7.2.1: Polymerase Chain Reaction  

Of the existing rapid methods, PCR assay is the most sensitive method for 

diagnosis of phytoplasma in insects and plants. For the first time PCR amplification was 

performed by Deng and Hiruki (1991) to amplify a phytoplasmal gene, the 16S rRNA, 

thus paving the way to select PCR assay detection and identification of phytoplasma and 

this was described to be more rapid, sensitive and specific as compared to immune 

detection or hybridization techniques (Lee et al., 2000). The primers used in PCR assay 

have been designed from a specific region of phytoplasma genome such as intergenic 

spacer (IS), 23S rDNA and 16S rDNA (Laimer, 2009). 

As it is practically impossible to extract 100% of DNA from plants and as the 

quantity of isolated DNA differs from one sample to the next, a housekeeping gene or a 
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specific sequence of pathogen genome is used as an internal control, thus allowing for 

comparisons between different experimental treatments, resulting in more accurate 

quantification (Wulf et al., 2003). Real-time quantitative PCR (Q-PCR) techniques do not 

depend on same amplification of internal standard (Giulietti et al., 2001). Absolute 

quantification of phytoplasmas, as well as direct comparison of DNA samples, is 

achieved by developing a standard curve by means of a dilution series of a plasmid DNA 

having the phytoplasma target sequence (Marzachi and Bosco, 2005). The sensitivity of 

real-time quantitative PCR can be compared with nested PCR technique designed for 

phytoplasma by Berges et al. (2000).  

2.7.2.2: Restriction Fragment Length Polymorphisms (RFLP)  

Application of RFLP for differentiation and classification of phytoplasma is 

possible only when used in combination with PCR assays. A combination of RFLP 

analysis with comparisons of conserved phytoplasma DNA sequences has been used to 

differentiate phytoplasmas into groups or subclades, which can be used as a molecular 

framework for the classification scheme (Schneider and Gibb, 1997; Davis and Sinclair, 

1998; Seemüller et al., 1998b). Some phytoplasmas (e.g. pumpkin yellow leaf curl 

disease) were differentiated by RFLP analysis of PCR amplification products (Streten et 

al., 2005). However, RFLP analysis is required to identify and to differentiate the 

pathogen. As it has been used to differentiate PD from AP from phytoplasma (Fox et al., 

1992; Lorenz et al., 1995). Different types of universal primer pairs are designed to 

amplify the phytoplasma DNA isolated from phloem. The most common are those used 

by Lee et al. (1998) and Lorenz et al. (1995). The amplified products should be restricted 

by AluI and RsaI restriction enzymes for the conformation of phytoplasma group either 

belong to 16SrX (Lee et al., 1998a,b) or AP group (Seemüller et al., 1998a). Terminal 

restriction fragment technique (T-RFLP) that is designed for profiling of phytoplasmas in 

the plants and it is more advantageous over other techniques as it is a simple and rapid 

and easier to handle for simultaneous detection of the phytoplasmas (Hodgetts et al., 

2007). 

2.8: Phytoplasma Transmission and Insect vectors 

The phloem-feeding insect vectors are the main reasons for phytoplasma 

dissemination as they feed on plant phloem sap (Weintraub and Beanland, 2006). The 

commonly found phloem-feeding insect vectors belong to different families such as 
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Flatidae, Menoplidae, Derbidae, Delphacidae, Cercopidae, Psyllidae, Cixiidae, and 

Cicadellidae, of the order Himeptera (Parry, 1990; Beanland et al., 2000; Lee et al., 1998; 

Kawakita et al., 2000; Hanboonsong et al., 2002; Marcone et al., 2001). Sometimes more 

than on phytoplasma strain can be transmitted by only one species of insect vector such as 

Hishimonus sellatus can transmit six different phytoplasmas. However, in some cases, a 

single phytoplasma strain can be transmitted by different insect vectors (Weintraub and 

Beanland, 2006). There are some reports which suggested the enhancement in the fitness 

of insect vectors which were exposed to phytoplasma infection (Beanland, 2000); like 

females, M. quadrilineatus fecundity and longevity enhanced by exposure to aster 

yellows (AY) (Weintraub and Beanland, 2006). Another mode of phytoplasma 

dissemination most commonly accomplished in the greenhouse or laboratory form 

symptomatic to healthy plants is through dodder (Cuscuta sp.) (Akhtar et al., 2009). 

Phytoplasma transmission trials were also done with the help of graft inoculation, sap 

inoculation (Akhtar et al., 2009) and by seed (Satta, 2017).  

Table 2.1: List of some insect vectors responsible for phytoplasmas transmission.  

Phytoplasma 

group/ Disease 
Insect vectors Host plants Reference Country 

16SrII-D 

Empoasca spp.  

Orosius albicinctus,  

Amrasca bigutula,  

Nervosa spp. 

Carrot, Cabbage, 

Onion 

Sharif et al., 2019 

 
Pakistan 

16SrII-D 

Chickpea 

Phyllody 

Orosius orientalis Chickpea 

Akhtar et al., 

2009; Ahmad et 

al., 2019 

Pakistan 

16SrII-D Sesame 

Phyllody 
Orosius albicinctus Sesame 

Akhtar et al., 

2009 
Pakistan 

16SrII-D Flax 

phyllody 
Orosius albicinctus Flax 

Akhtar et al., 

2013 
Pakistan 

16SrIX-H 

Brassica 

campestris 

phyllody 

Orosius albicinctus 
Brassica 

campestris 

Ahmad et al., 

2017 
Pakistan 

Witch’s broom 

disease of Lime 

(WBDL) 

Diaphorina citri, 

Balclutha punctate, 

Empoasca decipiens 

Citrus 
Mannan et al., 

2010 
Pakistan 



 
 

22 

Columbia basin 

potato 

purple top 

Circulifer tenellus 

(Baker) 

Beets, potatoes, 

weeds 

Munyaneza et al., 

2007 
USA 

Apple 

proliferation/ 

16SrX-A 

Fieberiella florii Stål Apple 
Tedeschi and 

Alma, 2006 
Italy 

16SrI-B group Macrosteles sp. 

Watercress, 

plantain, 

lettuce 

Borth et al., 2006 USA 

Lettuce phyllody, 

wild lettuce 

phyllody 

(16SrIX)  

Neoaliturus 

fenestratus 

Lettuce, wild 

lettuce, 

periwinkle, 

sowthistle 

Salehi et al., 2006 Iran 

Cotton 

phyllody/16SrII-

F 

Orosius cellulosus 

Lindberg 
Cotton 

Laboucheix et al., 

1972 
Africa 

Little leaf disease 
Orosius 

lotophagorum 
Bellvine Behncken, 1984 Australia 

Witches’ broom 

of sweet 

potato 

Orosius 

lotophagorum 
Sweet potato Shinkai, 1964 Japan 

Garden beet 

witches’ 

broom 

Orosius orientalis 

(Matsumura) 
Beets 

Mirzaie et al., 

2007 
Iran 

Sugarcane white 

leaf 

disease 

Yamatotettix 

flavovittatus 

(Matsumura) 

Sugarcane 
Hanboonson et 

al., 2006 
Thailand 

Maize redness 
Reptalus panzeri 

(Löw) 
Maize Jovic et al., 2007 Serbia 

16SrV 
Dictyophara 

europaea 
Clematis vitalba 

Filippin et al., 

2009 
Italy 

16SrV 

Flavescence 

doree 

phytoplasmas 

Orientus ishidae Grapevine 
Mehle et al., 

2010; 2011 
Slovenia 

Stolbur Sr16XII Bactericera trigonica Carrots Font et al., 1999 Spain 
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Witches’ broom 

phytoplasma 
Halyomorpha halys Paulownia spp. Hiruki, 1999 Asia 

Coconut root wilt 

disease 
Stephanitis typica Coconut palms 

Mathen et al., 

19990 
India 

16SrI-B  

16SrII-D 
Hishimonas phycitis 

Chrysanthemum, 

Jasmine 

Gopala and Rao, 

2017 
India 

16SrVI-D Brinjal 

little leaf disease 
Hishimonas phycitis Brinjal 

Kumar et al., 

2016 
India 

Aster yellows 

(AY) disease of 

Brassica 

Macrosteles 

quadrilineatus 
Brassica crops Bahar et al., 2018 India 

16SrVI-A, 

16SrII-D, 

16SrIX-C 

O. albicinctus  

C. haematoceps 
Sesame Salehi et al., 2016 Iran 

16SrII-D O. albicinctus 
Cucumber 

Periwinkle 
Salehi et al., 2015 Iran 

Alfalfa witches’ 

broom 
O. albicinctus Alfalfa 

Esmailzadeh 

Hosseini et al., 

2015 

Iran 

16SrII-E/ Beet 

Witches Broom 
O. albicinctus Garden Beet 

Mirzaie et al., 

2007 
Iran 

Sesame phyllody C. haematoceps Sesame 
Salehi and 

Izadpanah, 1992 
Iran 

Sesame phyllody O. albicinctus Sesame Ikten et al., 2014 Turkey 

Sesame phyllody Orosius orientalis 
sesame and 

solanaceous crops 

Sertkaya et al., 

2007 
Turkey 

2.9: Worldwide occurrence of phytoplasmas 

Worldwide distribution of phytoplasma and its impact on host highly depend upon 

the feeding behavior of vectors as well as its host range. A few number of phytoplasma 

are widely distributed due to wide range of host plants and polyphagous vectors. 

However, most of the phytoplasma have oligophagous or monophagous vectors and 

limited host plants. As an example, potatoes growing in different areas are mainly 

associated with phytoplasma belonging to different groups. The most widely distributed 

diseases are maize bushy stunt (MBS) and potato witches’ broom causing severe losses 

(Girsova et al., 2008; Eroglu et al., 2010; Mejia et al., 2011). In Mexico, the corn is found 
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to be associated with aster yellows phytoplasmas (16SrI-B) (Pérez-López et al., 2016; 

2018), While in Europe the corn with same symptoms was detected to be associated with 

“stolbur” phytoplasmas (Duduk and Bertaccini, 2006). Here some of the phytoplasma 

groups, worldwide reported as economically hazardous have been described briefly.  

The most widespread and diverse group of phytoplasma is Aster yellows group 

(16SrI) (Lee and Davis, 2000). This group infect different ornamentals like periwinkle, 

China aster and Oenothera spp; vegetables like potato, cabbage, tomato and lettuce; and 

berries like strawberry and blueberry by inducing symptoms of dwarfism and yellow in 

USA, along with clover in both Canada and USA (Lee et al., 2003; 2004a). In Virginia, 

the causal agent of grapevine yellows disease is ribosomal subgroup 16SrI-A of 

phytoplasma (Davis et al., 1998) although it has also been reported in Cuba to be linked 

with leaf yellows disease of sugarcane (Arocha et al., 2005). The same subgroup of 

phytoplasma is documented as causal agent of strawberry green petal and clover phyllody 

diseases in Europe. It has also been found to be the causal agent of several maladies of 

hydrangea, poplar, chrysanthemum, anemone and gladiolus (Berges et al., 1997; Lee et 

al., 2004a). In Asia, paulownia witches’ broom, marguerite yellows and phyllody in 

hydrangea are documented to be linked with aster yellows (Takinami et al., 2013) while 

in Brazil (Montano et al., 2007) and Colombia (Alvarez et al., 2014), the same 

phytoplasma group consistently infect oil palm and woody plants. The 16SrI group was 

reported in date palm causing the Al-Wijam disease symptoms in Saudi Arabia (Alhudaib 

et al., 2008). 

Another group of phytoplasma 16SrII was molecularly identified causing 

destructive loss to Mexican lime trees in Oman and other neighbor countries like Iran, 

India and UAE (Mardi et al., 2011). The same phytoplasma group was reported in Asia 

causing severe loss to crotalaria, peanut, and sun hemp (Yang et al., 2008). Previously, in 

Sudan the same phytoplasma group was considered to be associated with faba bean 

phyllody diseases (Jones et al., 1984) in western Africa causing cotton phyllody disease 

(Desmidts and Rassel, 1974), and in Australia, sweet potato little leaf and tomato big bud 

disease also reported to be associated with the members of this group of phytoplasma 

(Schneider et al., 1999) and the same ribosomal group was identified in sun hemp, 

crotalaria and peanut (Yang et al., 2008). 
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In California, phytoplasma group 16SrIII was found to be associated with X 

disease causing a huge loss to peach and cherry production (Blomquist and Kirkpatrick, 

2002). This phytoplasma group has also been reported in different countries infected 

various plants by different diseases such as in Africa, sugarcane yellows (Cronjé et al., 

1998), in Italy exhibiting deteriorating trees of cherry (Landi et al., 2007), in Europe, 

cherry plants exhibited disease symptoms of premature leaf drop, non-seasonal flowering, 

leaf reddening, and branches proliferation (Valiunas et al., 2009; Cieślińska, 2011) in 

Argentina, the same group found to be infecting various plants like tomato, summer 

squash, China tree, garlic, and daisy (Galdeano et al., 2013). 

Palm lethal yellows disease associated with phytoplasma group 16SrIV is mainly 

vectored by American palm cixiid (Myndus crudus) and occasionally by derbid 

planthoppers of Cedusa species (Brown et al., 2006). This group of phytoplasma is 

associated with various species of date palm (Harrison et al., 2002b; 2009) and in weeds 

found near symptomatic coconut palms (Brown et al., 2008a; 2008b). Lethal yellows 

disease causes infection and ultimately leads to killing of coconut palms and other palm 

species (Nejat et al., 2012). Before 1965 about 75 % of the palm trees were destroyed in 

USA due to this disease. Later on, this disease imparts considerable negative effects on 

local coconut industries in Maxico (Ntushelo et al., 2012; Oropeza et al., 2011). New taxa 

‘Ca. P. malaysianum’ related to oil palm and coconut yellow decline and ‘Candidatus 

Phytoplasma palmicola’ related to lethal yellowing-type disease of coconut have also 

been reported in Malaysia and Mozambique respectively (Nejat et al., 2009; 2012: 

Harrison et al., 2014). 

Another widely distributed phytoplasma group 16SrV has been reported in Europe 

associated with flavescence dorée (grapevine disease) (Martini et al., 1999). Which is 

spread by Scaphoideus titanus Ball (Homoptera, Cicadellidae) from one plant to another 

(Mori et al., 2002). Phytoplasma strains (FD) of subgroup 16SrV were identified in 

France and Spain (Angelini et al., 2001) in Northern Italy (Belli et al., 2010), where the 

disease resulted in highest widespread epidemics. Disease symptoms involve shriveled 

grapes, leaf rolling, yellowing or reddening of leaves and unripened shoots on both white 

and red cultivars. In North America and Europe ‘Ca. P. ulmi’ is the causative agent of 

yellows disease of elm species (Lee et al., 2004b), while in China, Korea and Japan, ‘Ca. 

P. ziziphi’ found to be associated with jujube witches’ broom however in China and 

India, ‘Ca. P. zyziphi’ is responsible for cherry and peach diseases (Lee et al., 2004b; Zhu 
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et al., 2011). 16SrV ribosomal group is also reported in potatoes in Colombia (Mejia et 

al., 2011). 

In Canada, another group of phytoplasma 16SrVI was identified to be linked with 

a disease of alsike clover later on the same group was reported in North America causing 

severe damaged to elm, tomatoes, and potatoes (Jacobs et al., 2003). And In India and 

Bangladesh, this group was a major threat to eggplant causing little leaf diseases 

(Siddique et al., 2001). Faba bean, pepper, and tomato diseases were also reported in 

Spain, Jordan, Lebanon, and Austria, to be associated with this group (Castro and 

Romero, 2004; Choueiri et al., 2007). Moreover, in Brazil, shoot proliferation in passion 

fruit was observed due to ‘Ca. P. sudamericanum’ (Davis et al., 2012). 

Phytoplasma group 16SrIX is major threat to almond production mainly limited to 

the Middle East (Lebanon and Iran) and for the first time it was reported in Iran causing 

almond brooming disease (Salehi and Izadpanah, 1995). Later on, similar disease 

symptoms in almond were observed in Lebanon (Choueiri et al., 2007), and the causal 

agent responsible for these symptoms was named as ‘Ca. P. phoenicium’ (Zirak et al., 

2010; Verdin et al., 2003; Molino-Lova et al., 2011). This disease resulted in killing of 

thousands of almond trees, since the beginning of the first epidemic in Lebanon (Abou-

Jawdah et al., 2003). In Italy, the same phytoplasma group was found to be associated 

with knautia phyllody disease (Marcone et al., 2001) in North America, pigeon pea 

witches’ broom are reported to be caused by some members of this group, while in 

Oregon, 16SrIX-E member of this group was reported causing juniper witches’ broom 

disease (Davis et al., 2010) and the same group found to be a major threat to brassica 

species in Pakistan (Ahmad et al., 2017). 

A wide variety of diseases such as pear decline, ESFY and Apple proliferation has 

been observed to be caused by a new phytoplasma group 16SrX. Due to similarity in 16S 

rDNA sequences, the phytoplasma groups responsible for these diseases are differentiable 

however they can only be differentiated by their specific host and psyllid vectors 

(Seemüller and Schneider, 2004). In Italy, the psyllids Cacopsylla picta and Cacopsylla 

costalis are responsible for the diffusion of AP in apple orchards (Frisinghelli et al., 2000) 

and Germany (Jarausch et al., 2003) respectively. In North America, Cacopsylla pyricola 

is reported to be responsible for the transmission of Candidatus Phytoplasma pyri (Cooper 

et al., 2017). Moreover apricot production is severely threatened by ESFY and also many 
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other Prunus species in all central and southern European countries, mainly transmitted 

by Cacopsylla pruni (Marcone et al., 2010).  

Yellow dwarf diseases of rice were reported in Asia to be caused by a new 

phytoplasma group that is 16SrXI exhibiting various disease symptoms in different plant 

species like sugarcane white leaf, Brachiaria grass white leaf, Bermuda grass white leaf, 

annual bluegrass white leaf, and sugarcane grassy shoot (Jung et al., 2003b). This group 

of phytoplasma has also been reported on mustard (Brassica juncea) from many districts 

in India (Rao et al., 2016), on Cirsium arvense in Europe, while in Kenya, napier grass 

(Pennisetum purpureum) seems to be severely affected by this ribosomal strain (Foissac 

and Wilson, 2010). More over the same group was identified in Sri Lanka and in 

Indonesia infecting the coconut with Weligama wilt disease and Kalimantan wilt disease 

respectively (Warokka, 2005).   

In Mediterranean basin, southern Russia and Europe, a new phytoplasma group 

(16SrXII) ‘Ca. P. solani’ was identified (Quaglino et al., 2013) infecting various 

cultivated plants like solanaceous crops, strawberry, grapevine, sugar beet, lavender and 

celery (Ember et al., 2011). The ribosomal subgroup 16SrXII-A, is responsible for the 

most wide spread disease “bois noir” (BN) related to grapevine yellows (GY) but exhibit 

disease symptoms unlike FD,  Hyalesthes obsoletus Signoret (Homoptera, Cixiidae) is 

major vector responsible for BN phytoplasmas transmission to grapevine from Urtica 

dioica L. (Alma et al., 2002) and Convolvulus arvensis L. (Sforza et al., 1998). The same 

phytoplasma group was indentified in South America (Mejia et al., 2011) and Chile 

(Gajardo et al., 2009). 

2.10: Phytoplasmas occurrence in Pakistan 

Table. 2.2: List of phytoplasma groups, disease names, affected crops and identified 

vectors in Pakistan. 

Identified 

Phytoplasma 

group 

Disease Name Affected crops 
Identified 

Vector 
Reference 

16Sr-II-D Peanut witches’ 

broom 

Trigonella 

foenum-

graecum 

Orosius 

albicinctus, 

Empoasca 

Malik et al., 

2020 
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spp., and 

Balclutha 

incise 

 Stunted growth 

small leaf and 

malformed floral 

leaves 

Brassica napus Orosious 

orientalis 

Yaseen et al., 

2020 

16SrII-A Peanut witches’ 

broom 

phytoplasmas 

Chickpea Orosius 

albicinctus, 

Circulifer 

haematoceps 

and 

Neoaliturus 

fenestratus 

Ahmad et al., 

2019 

16SrII-D Peanut witches-

broom 

proliferation, 

yellowness, stunted 

growth and 

phyllody 

Carrot, cabbage 

and onion 

Orosius 

albicinctus, 

Empoasca 

spp, Amrasca 

bigutula and 

Nervosa spp 

Sharif et al., 

2019 

16SrIX-H Pigeon pea witches’ 

broom  

phyllody and 

witches’ broom 

Brassica 

campestris 

Orosius 

albicinctus 

Ahmad et al., 

2017 

16Sr-I B Aster Yellows 

witches’ broom 

Periwinkle  Khan et al., 

2018 

16SrII-D Peanut witches’ 

broom big bud, 

leaves yellowing or 

reddening, stunting 

and witches’-broom 

Solanum 

lycopersicum L. 

Orosius 

albicinctus 

Akhtar et al., 

2018 

16SrII-C Peanut witches’ 

broom little leaf, 

Lens culinaris Orosius 

albicinctus 

Akhtar et al., 

2016 
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floral malformation, 

extensive 

proliferation of 

branches and 

chlorosis 

  Parthenium, 

onion and 

tomato 

 Ahmad et al., 

2015 

16SrII-D Peanut witches’ 

broom floral 

phyllody, 

virescence, little 

leaf, stem fasciation 

and stunting 

flax Orosius 

albicinctus 

Akhtar et al., 

2013a 

16SrII-D  Sesame 

germplasm 

 Akhtar et al., 

2013b 

 Little leaf, stunted 

growth and de-

shaped tubers 

Solanum 

tuberosum 

 Iftikhar and 

Fahmeed, 2011 

16SrII-D Peanut witches’ 

broom proliferation, 

floral virescence 

and phyllody 

Sesame Orosius 

albicinctus 

Akhtar et al., 

2009a 

16SrII-D Peanut witches’ 

broom floral 

virescence, 

phyllody and 

extensive 

proliferation 

Chickpea Orosius 

orientalis 

Akhtar et al., 

2009b 

 Witch’s broom 

disease of Lime 

(WBDL) 

Citrus Diaphorina 

citri, 

Balclutha 

punctate, 

Empoasca 

decipiens 

Mannan et al., 

2010 
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2.11: Phytoplasmas disease prevention and control  

In the fields, the strategies to control the phytoplasma disease depend upon vector 

control and roguing of both spontaneous and cultivated plants, which are sources of 

phytoplasmas (Weintraub and Beanland, 2006; Bertaccini, 2007). Both of these tactics are 

implemented to control ‘flavescence dorée’ (FD) (Caudwell, 1980; Planas, 1987; Barba, 

2005). Use of insecticides and effective chemicals treatment is the most effective tool to 

control vectors and its consequent diseases (Pavan et al., 2005; Morone et al., 2007). 

However roguing of diseased plants is mainly suggested for FD control because of 

phytoplasma carried by insect vectors is mainly acquired from these symptomatic plants 

(Maixner, 2007; Mori et al., 2008). When plants are seen to be affected by a phytoplasma, 

farmers may choose to replace or maintain the plants (Osler et al., 2001). This decision 

should be directed by economic measures. For this purpose, the two aspects are involved 

related to the plants (i) new infections threat because phytoplasma carried by insect 

vectors mainly acquired from symptomatic plants and (ii), the way of the phytoplasma 

infection that can result in restoration or expiry of diseased plants (Caudwell, 1990; 

Bellomo et al., 2007). It was counseled that the presence of fungal endophytes and 

systemic acquired resistance (SAR) are the two recovery mechanisms followed by the 

plants (Martini et al., 2009).  

The spread to phytoplasma disease directly depends upon the density of vector 

populations and the number of diseased plants in an area (Purcell, 1985; Bressan et al., 

2005, 2006). However, the resistant cultivars possess less FD phytoplasma and its 

consequent disease symptoms as well (Pavan et al., 2012; Bressan et al., 2005). 

Moreover, the study of full genome sequences improved the understanding of 

phytoplasma-hosts interaction that helped a lot to open perspectives for the development 

of new strategies to control the phytoplasma. It is evident from previous studies that the 

use of induced or natural resistance and bio-control agents like arbuscular mycorrhizal 

fungi and endophytes are the most promising approaches to control the disease (Bianco et 

al., 2011).  

Grapevines infected by Bois noir can be recovered by induced or spontaneous 

symptom reduction. Among the five elicitors (two glutathione-plus-oligosaccharine 

formulations, phosetyl-Al, chitosan, and benzothiadiazole) that are efficiently involved in 

recovery induction, two glutathione-plus-oligosaccharine formulations and 

benzothiadiazole were observed mainly to be responsible for recovery induction. 
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Quantitative and qualitative parameters were detected to be the same in both healthy and 

elicitor’s stimulated or naturally recovered plants. The recovery of grapevines infected by 

BN can be promoted by the use of resistance inducers that has no damaging effects on the 

plants. Hence, grapevine, a model species, could be helpful to test the phytoplasma 

disease through this innovative method (Romanazzi et al., 2013). 

An efficient and accurate screening method based on an in vitro plant-

phytoplasma co-culture system was developed by (Tanno et al., 2018) to estimate the 

effects of antimicrobials. Among 40 antimicrobials that were evaluated, 'Candidatus 

Phytoplasma asteris' accumulation was observed to be decreased by tetracycline, and four 

(chloramphenicol, thiamphenicol, doxycycline, and rifampicin) antimicrobials. Both the 

rifampicin and tetracycline were used to eliminate phytoplasma from symptomatic plants. 

Antimicrobial targeted amino acid sequences of proteins and nucleotide sequences of 

rRNAs, of phytoplasma and other bacteria were also compared. Among various 

phytoplasma species, the sequences targeted by antimicrobial were conserved and the 

antimicrobials that reduced the multiplication of 'Ca. P. asteris' may also be effective to 

control different phytoplasma species. 

The best way to control the infectivity of the vector population is to recognize the 

barriers that restrict the multiplication of phytoplasma in vectors. Despite this, 

phytoplasma colonization can also be restricted by targeting the plant’s nutrient uptake by 

the phytoplasma. Sometimes (under field conditions), controlling the pathogen attack is 

quite ineffective due to some reasons like the use of expensive antibiotics and the 

impossible elimination of all vectors from natural environments. So the only best way to 

reduce phytoplasma infection is by growing resistant varieties. However, phytoplasma 

tolerant varieties can only be useful under defined and limited conditions (Bisognin et al., 

2008; Carraro et al., 1998). 

  

https://www.researchgate.net/scientific-contributions/2104469987_Kazuyuki_Tanno?_sg=nEpeIzH9NFJZDI4iEIolWM_76heyfR1e_pY6aO8A6m2gRNhWCH6Sg__7Ss3mlV37pGlS_n8.l1L7sjq-m2_94H4Ff7XGuoIaFDOi3LaCjhLyisSdh4LuT6kKSeCGUPGfrJjnvAIv04PI03kAbok2IDPmTsr4Fg
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CHAPTER 3 

Molecular and biologic characterization of a phytoplasma associated 

with Brassica campestris   phyllody disease  in Punjab province, Pakistan 

3.1: Abstract 

A phytoplasma-associated disease was identified in Brassica campestris (sarson) 

plants during a survey conducted in Punjab province of Pakistan in 2014–2016. The 

symptomatic plants showed characteristic symptoms of phyllody and witches’ broom. 

Phytoplasma presence was detected by polymerase chain reaction on 16S ribosomal and 

tuf DNAs, followed by RFLP analysis and sequence comparison of the 16S rRNA and tuf 

genes. The phytoplasma detected was classified in a new ribosomal subgroup designed 

16SrIX-H. The phytoplasma presence in phloem tissues of symptomatic sarson samples 

was also confirmed through light microscopy and transmission studies to healthy plants 

through dodder and the leafhopper Orosius albicinctus. This is the first report of 

identification of 16SrIX-H subgroup phytoplasma associated with sarson and its natural 

vector in Pakistan. 

Keywords: Sarson phyllody, Phytoplasma, PCR- RFLP, 16SrIX-H subgroup, Orosius 

albicinctus. 
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3.2: Introduction 

Sarson (Brassica campestris L., family Brassicaceae) is an important oilseed crop 

used as major cocking oil and fodder in Pakistan (Amjad, 2014). Phytoplasmas colonize 

plants and insect species as obligate parasites: they inhabit sieve tubes and phloem feeding 

hemipteran insects that serve as efficient vectors belong to Cicadellidae: 

Deltocephalinae (Weintraub and Beanland, 2006). Phytoplasma associated diseases 

can cause losses up to 70–100% in brassicacea and other species of cultivated plants 

(Bhowmik, 2003; Bertaccini, 2007) where they induce physiological disorders and 

interfering with plant defense pathways (Ahmad et al., 2013, 2014). More than 300 plant 

diseases in approximately 1000 plant species of 300 genera are reported worldwide 

(Bertaccini et al., 2014; Hoshi et al., 2007). The presence of phytoplasma diseases was 

reported in Pakistan since more than 40 years (Chapot, 1970; Khan and Munir, 1986; Khan 

et al., 1987) and phyllody diseases in chickpea, sesame, Brassica napus, parthenium, 

tomato, and onion were described (Akhtar et al., 2008, 2009a, b; Ahmad et al., 2015a, b, 

c). In sarson cultivated fields in different districts of Punjab, Pakistan, a wide occurrence 

of potential insect vectors and symptoms such as malformed leaf with yellowish to purple 

discoloration, retarded growth, shoot proliferation, flower bud failure, virescence and 

phyllody are present. The aim of this study was to verify and confirm the association of 

these symptoms with phytoplasma presence by transmission trials and identification of 

the pathogen and its insect vector(s) to devise the best methods to manage the disease 

thereby reducing the economic losses caused by its presence. 

3.3: Materials and Methods 

3.3.1. Plant material   

Eighty sarson (B. campestris) samples showing phyllody and witches’ broom 

symptoms and 8 asymptomatic ones were collected from four districts (≈distance among 

districts: 150 Km to 370 Km) of Punjab (20 symptomatic and two asymptomatic plants 

per district collected randomly in the different areas surveyed): Khanewal (30°20″N, 

71°55″E), Rahim Yar Khan (28°30″N, 70°25″E), Dera Ghazi Khan (30°05″N, 70°43″E) 

and Faisalabad (31°30″N, 73°05″E). Some symptomatic plants were uprooted in the field, 

transported and potted under insect proof glasshouse conditions for further transmission 

experiments these plants samples were taken from brassica variety Anmol raya. 
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3.3.2. DNA extraction and PCR detection  

Total DNA was extracted from symptomatic and asymptomatic sarson plants (leaf 

or full flower) and specimens from O. albicinctus were extracted as per protocol 

described by Angelini et al. (2001). 

Five microliters of DNA (10–20 ng) were used as template for PCR amplifications 

with universal phyto- plasma primers P1/P7 (Deng and Hiruki, 1991; Schneider et al., 

1995); the PCR product was diluted 1: 200 with sterile distilled water and 1 μl was used 

in nested PCR with primers 16R758f/16R1232r (=M1/ M2), F1/R0 (Lee et al., 1995) and 

M1/B6 (Duduk et al., 2013). Phytoplasma positive controls employed for the molecular 

analyses included DNA from phytoplasma reference strains maintained in periwinkle 

[Catharanthus roseus (L.) G. Don.] (Bertaccini, 2015). In particular aster yellows (AY-1, 

16SrI-B), clover phyllody (KVE, 16SrI-C), witches’ broom disease of lime (WBDL, 

16SrII-B), sesame phyllody from Thailand (SEPT, 16SrII-C), peach X disease (CX, 

16SrIII-A), Pichris echioides yellows (PEP, 16SrIX-C) were used. DNA of healthy sarson 

plants and samples devoid of DNA template were employed as negative controls. The 20 

μl PCR mixture contained dNTPs (0.2 mM each), 0.5 μl of each primer pair (20 pmol), 1 

U of RedTaq DNA polymerase (Sigma-Aldrich) and 10 X Taq polymerase buffer. The 

temperature conditions were as follows: denaturation at 94 °C for 1 min (1 min for first 

cycle), annealing at 55 °C for 2 min, and extension at 72 °C for 2 min. The last cycle was 

extended to 10 min at 72 °C. For the nested amplifications the thermal conditions were the 

same except that the annealing was at 50 °C for 2 min. Further amplification of the samples 

was carried out on tuf gene (Makarova et al., 2012) followed by RFLP analyses (Contaldo 

et al., 2011). All PCR amplifications were carried out in a thermal cycler Biometra 

(Germany). Six μl of amplified products were used for electrophoresis in 1.0% (w/v) 

agarose gel 1 X TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). Staining was done 

with ethidium bromide and gels were observed under ultraviolet (UV) transilluminator to 

visualize DNA bands. 

3.3.3. RFLP assays and phylogenetic analyses  

For RFLP analysis, 3 μl (about 300 ng of DNA) of M1/M2 and tuf cocktail PCR 

products were digested using fast enzymes Tru1I and Tsp509I at 65 °C as recommended 

by manufacturer (Fermentas, Vilnius, Lithuania). Restricted fragments were visualized 

through 6.7% polyacrylamide gel. The patterns obtained were visualized with staining in 

ethidium bromide and recorded in a gel documentation unit from Kodak (Rochester, NY, 
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USA). Virtual RFLP analyses were also carried out on the obtained sequences in 

comparison with sequences of described 16SrIX subgroups (Lee et al., 2012) using the 

iPhyClassifier (Zhao et al., 2009). 

Considering that all RFLP profiles were identical, a direct sequencing was carried out in 

both directions from two of the positive samples obtained with primers M1/B6 and F1/R0 

amplifying the whole 16Sr RNA gene after purification with a QIAquick PCR Purification 

Kit (QIAGEN, Valencia, CA). The sequences were assembled by MEGA6 (Tamura et al., 

2013) and the consensus aligned sequences were compared with nucleotide sequences in 

the GenBank database, using BLAST (version BLASTN 2. 2.18) (National Center 

for Biotechnology Information, Bethesda, MD). Phylogenetic analyses were 

carried out on 16S rDNA sequences from sarson and from 46 ‘Candidatus 

Phytoplasma’ strains representing the large majority of officially described ‘Candidatus’ 

spp., using Acholeplasma laidlawii as the outgroup. The evolutionary history was inferred 

by using the Maximum Likelihood method based on the Tamura-Nei model (Tamura and 

Nei, 1993). Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013). 

3.3.4. Light microscopy  

A fresh 1–2 mm portion in length of stem or leaf midrib was cut with the help of fine 

razor blade from each of the 88 symptomatic and healthy sarson plant samples collected. 

They were then with Dienes’ stained (stock solution: 0.5 g methylene blue, 10 g maltose, 

1.25 g azure II and 0.25 g sodium carbonate dissolved in 100 ml distilled H2O) 0.2% v/v 

in distilled water, for 10 min at 30 °C (Deenley et al., 1979). One drop of xylol was added 

before observation under a light microscope (MCX100 Daffodil Micros- Austria) at 40 X 

magnification. 

3.3.5. Dodder transmission  

Dodder (Cuscuta campestris L.) strands germinated in sterile conditions and 

maintained on 20 symptomatic and 10 healthy sarson plants respectively, were used for 

transmission trials. Three dodder strands from phytoplasma symptomatic plants were 

allowed to establish on another group of nine healthy 4 week-old sarson plants for 

pathogen transmission. Similarly, phytoplasma free dodder strands from healthy plants 

were established on another group of nine healthy 4 week old sarson plants as control. 

After 3 weeks of stable dodder bridge establishment, plants were observed for symptoms 

development up to three months. The phytoplasma presence was verified by nested PCR 

assays as described below in all the plants before and after dodder transmission trials. 
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3.3.6. Insect transmission  

The leafhopper Orosius albicinctus Distant was investigated to verify its role as 

insect vector after its collection from naturally infected symptomatic and asymptomatic 

plants and rearing under cages. For disease acquisition, adults (250) were caged with 

severely symptomatic sarson plants for 3 days. After acquisition access period (5 days), 

the insects (25 per plant) were transferred to 12 single caged healthy sarson plants 4 

week-old. After 7 days of inoculation period the insects were killed and groups of five 

individuals were employed for phytoplasma PCR detection after nucleic acid extraction as 

reported above. The same was also done with insects fed on healthy plants and transferred 

to 12 caged healthy sarson plants. Then, the plants were observed daily for symptom 

development for up to three months. All the experiments were carried out under 

glasshouse condition at 30 ± 5 °C. 

3.4. Results 

3.4.1. Symptoms observation  

Sarson plants exhibited mainly virescence, phyllody, and witches’ broom 

symptoms (Fig. 3.1) that varied according to the different stage of growth. The incidence 

of the symptomatology in the fields examined was between 10 and 30%. Infection at early 

growth stages caused reduced leaf sizes, elongated internodes and overall growth 

retardation. Some of the pods produced wrinkled seeds (Fig. 3.1i). The flower calices 

were budded and the top of the short pedicels was distorted (Fig. 3.1f). Virescence, 

phyllody, and witches’ broom, excessive proliferation, and severe malformation along 

with no development of seeds in capsules was observed during late infections (Figs. 3.1g-

h). The most common symptom was phyllody; the carpels showed leaf fusions at the 

margins and elongated shoot-like structures were developed instead of ovaries; the false 

ovary was flat, short and showed wrinkled surface. The stamens were flat, leaf-like and 

anthers, if produced, had abnormal pollen grains mostly green with pods having a leaf-

like structure. Plants infected during the flowering stage had severe symptoms on the 

upper part, whereas infection before flowering induced severe symptoms on the entire 

plant, occasionally producing some flowers and very small capsules with little abnormal 

seeds. 

3.4.2. Phytoplasma molecular identification  

All 80 samples from symptomatic plants resulted positive by nested PCR 

amplification with M1/B6, M1/M2 and tuf cocktail primers producing the expected length 
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amplicons of about 1100, 500, and 450 bp respectively (data not shown). No 

amplification was obtained from asymptomatic samples and from negative control 

without DNA template. The RFLP analyses on amplicons obtained with primers M1/M2 

and tuf cocktail of the sarson samples showed that the phytoplasma detected in all 

samples were identical to each other and to those of 16SrIX-C phytoplasma group 

employed as reference (Fig. 3.2). M1/B6 and F1/R0 amplicons from sarson strains SAR-1 

(Br5) and SAR-2 (Br6), selected as representative of the disease studied, were directly 

sequenced on both strands and 908 bp and 1320 bp sequences were obtained that resulted 

100% identical to each other and were submitted to GenBank under accession numbers 

KT253604 and KU892213 respectively. These sequences showed 100% and 99% 

homology, respectively with those of phytoplasma strains affiliated with subgroups in 16SrIX 

group. The sequence of strain SAR-2 was employed for virtual RFLP in iPhyClassifier and 

resulted differentiable from all reported phytoplasma subgroups by the combination of 

profiles obtained with TaqI, HhaI and RsaI restriction enzymes (Fig. 3.3). This was 

suggesting the assignment of this sarson phytoplasma strain to a new ribosomal subgroup 

designed 16SrIX- H. Phylogenetic analysis using 46 additional strains confirmed the 

phytoplasma placement in the clade containing phytoplasmas assigned to the 16SrIX group, 

where it is however clearly differentiable from all reported sub- groups with a robust 

branch support (Fig. 3.4). 

3.4.3. Light microscopy 

Under light microscopy dark blue areas were observed in the phloem region of 

sections from infected plants after Dienes’ staining and no similar stained areas were 

observed in sections from asymptomatic tissues; intense color in infected samples but not in 

asymptomatic stem cross sections was observed (data not shown). In all other tissues 

observed, there were no major alterations, and no color differentiation was observed between 

healthy and infected tissues. 

3.4.4. Disease transmission 

All the dodder and the healthy plants of sarson used for the transmission experiments 

were PCR tested before the transmission trials and resulted to be phytoplasma free. The agent 

of the phyllody disease was successfully transmitted from infected to healthy plants via both 

dodder and insects. Dodder transmission occurred by symptoms appearance with in 28–45 

days in six out of the nine plants employed and all these symptomatic plants were PCR-

positive to phytoplasma DNA, while the non-symptomatic were negative. O. albicinctus also 

transmitted the disease and 10 out of 12 sarson plants used become symptomatic within 35–
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55 days after the end of the transmission period. Only the symptomatic plants resulted 

positive to phytoplasma DNA after nested PCR assays. 

3.5. Discussion 

The work carried out on sarson phyllody allowed to achieve the molecular and 

biological characterization of the associated phytoplasmas. However due to the limitations of 

detection by nested PCR additional possibility that other graft and dodder transmissible 

organisms may be involved cannot be ruled out. On the other hand the majority of the 

symptoms observed was clearly related to the presence of phytoplasmas as reported in the 

worldwide literature. The detected phytoplasma belonged to a new 16SrIX subgroup and its 

presence was confirmed through light microscopy, insect and dodder transmission. 

Phytoplasma diseases are spreading in Pakistan also due to the wide presence of insect 

vectors and phyllody diseases associated with 16SrII-D subgroup phytoplasma presence were 

reported in chickpea, sesame (Akhtar et al., 2008, 2009b; Ahmad et al., 2015a), Parthenium, 

radish and tomato (Ahmad et al., 2015a, 2015b, 2015c). Brassica plants showing 

phytoplasma disease symptoms i.e. rape phyllody with green petals were reported in western 

Canada and Hungary since decades (Sackston, 1953; Horváth, 1969; Lehmann and Skadow, 

1971). In Pakistan, phytoplasmas were found in Brassica napus plants showing stunted 

growth, phyllody and virescence as well as misshapen seed and swollen inflorescences; 5–

10% of brassica cultivated fields in Punjab show the presence of symptomatic plants (Ahmad 

et al., 2015a). Symptoms similar to those reported in Pakistan were associated with 

phytoplasmas belonging to two subgroups (16SrI-A and 16SrI-B) in Alberta, Canada (Wang 

and Hiruki, 2001; Olivier et al., 2010), while subgroup 16SrVI-A, ‘Candidatus Phytoplasma 

trifolii’, was associated with an Iranian cabbage disease (Salehi et al., 2007). The 16SrIX 

group phytoplasma was associated with Indian toria phyllody (Azadvar et al., 2009, 2011; 

Azadvar and Baranwal, 2010) and winter oilseed rape symptomatic plants infected by 16SrI-

B phytoplasmas were described in Italy, Czech Republic and Poland (Bertaccini et al., 1998; 

Kamińska et al., 2012). The rape seed phyllody disease was reported as transmitted by 

Eucelis plebejus Fall., and Macrosteles spp. (Kolte, 1985). Macrosteles quadrilineatus Forbes 

can transmit phytoplasmas in different subgroup to 200 plants species in about 42 families 

(Weintraub and Beanland, 2006). The leafhopper Circulifer haematoceps was confirmed able 

to transmit rape seed phyllody to various species of plants (Salehi et al., 2010). However 

insect vectors of phyllody diseases in Pakistan are still unknown, however the widely spread 

presence of O. orientalis in parthenium fields showing phyllody symptoms was reported 
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(Ahmad et al., 2015b, 2015c). The ability of O. albicinctus to transmit the sarson-phyllody 

associated phytoplasma (16SrIX-H) from infected to healthy sarson in Pakistan represents a 

new finding, since it was previously reported to transmit 16SrII-D subgroup phytoplasmas 

associated with chickpeas and sesame phyllody (Akhtar et al., 2009a, 2009b). Additional 

work is in progress to verify the distribution and the economic importance of this 

phytoplasma in the cultivated areas of Pakistan and by further verifying the range of its insect 

vectors and alternate host plants in order to devise effective containment measures. 
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Table No. 3.1: Primers employed for the PCR/RFLP analyses of the barcode fragment of 

sarsoon phyllody phytoplasma (modified from Makarova et al., 2012). 

Primer name Primer sequence 

Direct PCR 

Tuf340fa/b 

(forward) 

GCTACTAAAGAAGAAAAAGAACGTGG + 

ACTAAAGAAGAAAAAGAACGTGG 

Tuf890ra/b/c 

(reverse) 

ACTTGDCCTCTTTCKACTCTACCAGT + 

ATTTGTCCTCTTTCWACACGTCCTGT + 

ACCATTCCTCTTTCAACACGTCCAGT 

Nested PCR 

Tuf400fa/b/c/d/e 

(forward) 

GAAACAGAAAAACGTCAYTATGCTCA + 

GAAACTTCTAAAAGACATTACGCTCA + 

GAAACATCAAAAAGACAYTATGCTCA + 

GAAACAGAAAAAAGACAYTATGCTCA + 

CAAACAGCTAAAAGACATTATYCTCA 

Tuf835ra/b/c 

(Reverse) 

AACATCTTCWACHGGCATTAAGAAAGG + 

AACACCTTCAATAGGCATTAAAAAWGG + 

AACATCTTCTATAGGTAATAAAAAAGG 
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Fig. 3.1. B. campestris (sarson): a. Left healthy and right infected shoots (phyllody, 

virescence and witches’ broom symptoms). b. Infected Brassica showing abnormal pods. 

c. Left mild infection (symptoms with greenish coloration) and right severe symptoms 

with brownish coloration. d. Malformed infected buds. e. Abnormal development 

from budding to pod formation in infected plant. f. Abnormal capsule with elongated 

pedicel. g. Phyllody and virescence. h. Infected floral parts. i. Infected pods  
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TaqI Tsp509I Tsp509I 

 

Fig. 3.2: Restriction fragment length polymorphism patterns of phytoplasmas from sarson 

(Br5 and Br6 = SAR1 and SAR2) compared with reference strains from periwinkle: PEP, 

Pichris echioides yellows (16SrIX-C); AY-1, aster yellows (16SrI-B); CX, peach X 

disease (16SrIII-A); KVE, clover phyllody (16SrI- C); SEPT, sesame phyllody from 

Thailand (16SrII-C); WBDL, witches’ broom disease of lime (16SrII-B). The 

amplification was obtained in nested PCR with primers M1/M2 in a) and in b) with cocktail 

primers amplifying the tuf gene, the restriction enzymes used are at the bottom of the 

figures. P, marker phiX174 HaeIII digested. 
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  16SrIX-G (Ac. No. HQ407514) 16SrIX-H strain SAR-2 (Ac. No. KU892213) 

 

Fig. 3.3: Virtual restriction fragment length polymorphism patterns with 17 restriction 

enzymes of phytoplasmas from sarson strain SAR-2 (Br6) compared with profiles from 

described 16SrIX sub- groups (Ac. No., Genbank accession number) produced using the 

iPhyClassifier (Zhao et al. 2009). Coloured squares show the profiles of differential 

restriction enzymes that allow 16SrIX-H subgroup discrimination from all other 

subgroups in group 16SrIX 

   

 



 
 

82 

 

Fig. 3.4: Phylogenetic tree showing the evolutionary relationships of 46 phytoplasmas plus the 

sarson strain SAR-2 (Genbank Ac. No.: KU892213) from B. campestris from Pakistan on 16Sr 

RNA gene. A. laidlawii was used as outroot. Phytoplasma ‘Candidatus’ (Ca. P.) name or strain name 

or acronym together with the country are indicated on the branches followed by the Genbank Ac. 

No. of the sequence employed and the ribosomal subgroup classification. The tree with the 

highest log likelihood is shown. The percentage of trees in which the associated taxa clustered 

together is shown next to the  branches.  Initial  tree(s) for the heuristic search  were  obtained  by  

applying  the Neighbor-Joining method to a matrix of pairwise distances estimated using 

the Maximum Composite Likelihood (MCL) approach based on the Tamura-Nei model 

(Tamura and Nei, 1993). The analysis involved 48 nucleotide sequences. All positions 

containing gaps and missing data were eliminated. There were a total of 1168 positions in the 

final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013) 
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CHAPTER 4 

The occurrence, identification and transmission studies of two 

distinctive groups of phytoplasma (16SrIX-H and 16SrII-D) of sesame 

(Sesamum indicum) in Pakistan 

4.1: Abstract 

Phyllody is destructive and economically important sesame disease (Sesamum indicum L) 

caused by phytoplasma. Phytoplasma associated disease phyllody cause’s severe economic 

losses in sesame crop of Pakistan. The infected plants partially or completely become sterile 

due to this disease which is spreading rapidly all over sesamum growing regions of Pakistan. 

The purpose of current study was to examine the etiology, taxonomy, transmission and 

symptomatology of phyllody disease in sesame plants in different regions of Punjab, 

Pakistan. The infected samples were collected from farmers’ fields for the identification of 

phytoplasma. The detection analysis of phytoplasma in diseased samples through 

staining and the electron microscope indicated the existence of phytoplasmas bodies in 

sieve tubes cells. It was additionally confirmed by Nested Polymerase Chain Reaction 

(Nested-PCR) by the amplification of 1.2 kb and 1.8 kb DNA fragment of 16SrDNA 

using the primer pairs RI6F2n/R2, tuf genes and P1/P7. Restriction fragment length 

polymorphism (RFLP) analysis also showed a similar pattern of bands formation 

associating with 16S ribosomal-DNA of 16SrII-D subgroup linked with sesame 

phyllody (16SrIID) group and ribosomal subgroup 16SrIX-H. The potential insect 

vectors, Orosius albicinctus, Orosius argentatus, Empoasca decipiens and Laudelphax 

striatellus captured from infected plants were detected positive for phytoplasma through 

PCR. Transmission study confirmed the vector status of O. albicinctus and O. 

argentatus for sesamum phyllody diseases transmission. To our information, this is first 

detection of 16SrIX-H phytoplasma infestation and its insect vectors associated with 

sesamum in Pakistan. Further, this is the first time identification of 16SrIX-H subgroup 

phytoplasma in infected sesame samples and its potential insect vectors in Pakistan  

Keywords: Sesamum indicum, phytoplasma, orientalis albicinctus, Orosius argentatus 

16SrII-D, 16SrIX-H. 
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4.2: Introduction 

Phytoplasma are the insect transmitted obligate bacterial pathogen that are 

member of class Mollicutes (Seemuller et al., 1998; Bertaccini, 2007; Bertaccini et al., 

2014; Ahmad et al., 2017). Phytoplasma restricted the sieve element of infected plant and 

spreads from diseased plants to healthy plants via saps feeding insect vectors (Lee et al., 

2000; Hogenhout et al., 2008; Perilla-Hena and Casteel, 2016). Sesame is ancient oilseed 

crop used for nutritional, medicinal, and industrial purposes (Kuete, 2017). In nature, 

significant yield losses due to phytoplasmas diseases have been observed in ≥ 1000 

species of different plant families (Lee et al., 2000; Bertaccini and Duduk 2009; Ahmad 

et al., 2017; Esmaeilzadeh-Hosseini et al., 2017). Phyllody is the major symptom of 

phytoplasma disease in sesame plants which inflict 80 % yield losses (Akhtar et al., 2013; 

Ganum Junior et al., 2017; Salehi et al., 2017). In 1908, sesame Phyllody was first 

recorded at Mirpur Khas (Sindh) Pakistan (Vasudeva and Sahambi, 1955; Vasudeva, 

1961; Akhtar et al., 2008; Akhtar et al., 2013).  

Different symptoms of phytoplasma associated phyllody involve floral virescence 

and abnormal floral organ, extreme internode shorting, small leaf size, yellowing and 

phylllody. Phyllody disease of phytoplasma have also been observed in several 

agricultural crops such as parthenium, sesame, chickpea, Brassica napus, carrot, onion 

and tomato (Akhtar et al., 2008, 2009a, b; Ahmad et al., 2015a, b, c; Ahmad et al., 2019; 

Sharif et al., 2019). 

 Different groups and subgroups of phytoplasma have been identified and 

characterized on the basic of 16S rRNA gene. Different strains of sesame phytoplasma 

are 16 Sr-1, 16SrII, 16SrVI, 16SrIX group belong to sub-group 16SrII -A, Sr1-B, 16SrII -C, 

16SrVI –A, 16SrII -D and 16SrIX-C (Table 4.1). Certain species of leafhopper transmit 

phytoplasma disease are given in Table 4.2. The current study was carried out to detect and 

molecular characterize the phytoplasmas groups and insect vectors that are associated with 

sesame phyllody disease in different regions of Punjab, Pakistan. 

4.3: Materials and Methods 

4.3.1: Field Surveys and Sample Collection 

During survey, visual inspection of 100 plants by following a W-pattern was done and 

diseased alfalfa plants showing the symptoms of phytoplasma (Fig. 4.1) were collected 

from various regions of Punjab, Pakistan. Field surveys of sesame crop were done in 

https://link.springer.com/article/10.1007/s12223-016-0476-5?shared-article-renderer#ref-CR29
https://link.springer.com/article/10.1007/s12223-016-0476-5?shared-article-renderer#ref-CR5
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-90162019000100047#B3
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-90162019000100047#B20
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2015-2019 from different zones (Faisalabad, Khanewal, and Rahim Yar Khan) of Punjab 

province of Pakistan. Total 100-150 samples were taken including 20 symptomatic and 5 

asymptomatic from each location. The plsants samples were taken from sesame variety 

Punjab Till-89. The collection of different insects from sesamum fields was done by using 

aerial net. Leafhoppers such as Orosius albicinctus, Orosius argentatus, Exitinus indicus, 

Laudelphax striatellus, Bemesia tabaci, and Empoasca spp were collected (Table 4.1). 

Potential insects were also captured and brought to Dr. Jam Laboratory to precede 

molecular detection and identification. Different insect vectors causing phytoplasma 

diseases in sesamum crops globally are stated bellow (Table. 4.2). 

4.3.2: Molecular Analysis 

4.3.2.1: DNA and PCR analysis 

Extraction of the total nucleic acid (300-500 mg) from infected and non infected 

sesame leaf samples and from field collected insect’s sample Orosius albicinctus, Orosius 

argentatus using the cetyl trimethyl ammonium bromide CTAB method (Angelini et al., 

2001; Ahmad et al., 2017). 1µL of isolated phytoplasmal DNA of each sample were 

exposed to direct PCR amplifications using 16SrRNA specific primers P1/P7 (Deng and 

Hiruki 1991; Schneider et al., 1995). PCR tubes without phytoplasmal genomic DNA was 

used as negative control. In the nested PCR, amplicon of 1.8 kbp fragment were amplified 

with internal primer 16R758f/16R1232r and tuf genes which obtained 1.25 kbp fragment 

of 16S ribosomal RNA gene.  Product of nested PCR were electrophoresed in 1% agarose 

gel using 1X TAE buffer Gel dipped in 10% ethidium bromide solution and later DNA 

bands were visualized on UV trans illuminator. All DNA implification of Phytoplasmal 

DNA was performed in PCR machine (PeqSTAR, Germany).  

4.3.2.2: RFLP and phylogenetic analyses 

PCR products of nested PCR were digested by using fast restriction enzymes 

Tsp509I and Tru1 in RFLP analysis. The process of digestion was carried out at 65 °C 

according to manufacturer protocol. Pattern of fragments was stained in ethidium bromide 

and later recorded in a gel documentation unit (Kodak Rochester, NY), USA). In virtual 

RFLP analyses obtained sequences were compared with the described 16SrII-D and 

16SrIX-H subgroups using the software iPhyClassifier (Zhao et al., 2009). Purification of 

amplified 16Sr RNA genes was done with a QIAquick PCR Purification Kit (QIAGEN, 

Valencia, CA). Sequence alignments were compared with nucleotide sequences that were 
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already deposit in the GenBank database, using BLAST version BLASTN 2.2.18 

(National Center for Biotechnology Information, Bethesda, MD). Maximum Likelihood 

method was used to estimate the phylogeny relation of molecular sequence data and 

phylogenetic tree were generated with MEGA6 (Tamura and Nei, 1993).  

4.3.3: Light microscopy 

A 1–2 mm handcut cross section of leaf midrib or stem portion from 25 healthy 

and 100 infected samples were collected during survey. Samples were treated with 

Dienes’ stain (stock solution: 1.25 g azure II, 0.5 g methylene blue, 0.25 g sodium 

carbonate and  10 g maltose dissolved in 100ml distilled H2O) 0.2% v/v in the distilled 

water, at 30 °C for 10 min (Deenley et al., 1979). Add one drop of xylol on objective lenz 

and observe under light microscope MCX100 Daffodil MicrosAustria (microscope 

model) was used at 40 X magnification. 

4.3.4: Electron microscopy  

Healthy and infected samples of the stem of sesame plant enriched in water agar 

were preceded overnight in 5% of glutaraldehyde, with 0.2M Pipes buffer. Then they 

were post-fixed in 1% of osmium tetraoxide at the room temperature for the time period 

of 18 hrs. Then the samples were treated with uranyl acetate (5%) for the period of 16-18 

hrs after washing with distilled H2O. After washing, dehydration was performed using 

absolute ethanol and entrenched in Spurr resin at the temperature of 70°C for duration of 

48 hrs. The pieces of 120 nm were cut with TRMC MT 7000 ultra-micro- tome and then 

picked on copper grids. The ultra-thin pieces were stained by using uranyl acetate (5%) 

for 30 minutes and lead citrate for 10 minutes respectively were applied. At the end, 

observations were made through application of JEOL JEM1010 transmission electron 

microscope functioning at 80 KV. 

4.3.5: Dodder transmission 

For transmission assay, parasitic dodder (Cuscuta campestris L.) strands 

connected with symptomatic sesame plants for 4 week. Germinated parasitic veins were 

transferred on five week old Asymtomatic sesame plants. Nested PCR analysis was 

performed to confirm the presence of phytoplasmal DNA in sesame sample before and 

after dodder transmission trials.  
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4.3.6: Transmission Studies 

Insect vectors, Orosius albicinctus, Orosius argentatus, L. striatellus, Exitianus 

indicus Empoasca spp. and Bemesia tabaci were directly captured from infected fields 

and surroundings and employed for Nested PCR. For transmission test, O. albicinctus, 

Orosius argentatus, Exitianus indicus and Bemesia tabaci were maintained on healthy 

periwinkle plants for one week.  Then a batch of twenty insect per plant feeding on 

infected plants were transferred to 10 caged healthy sesamum seedlings (4-week-old) for 

an inoculation access period of seven days. Insects were then killed after inoculation 

feeding period with Confidor (0.8 ml/l H2O) and stored at -20 °C temperature. In 

addition, an analogous set of sesamum plants was then inoculated using the same insects 

fed on healthy lucerne plants. Later, tested plants were observed on weekly basis for 

appearance of symptoms linked to phytoplasma infection 

4.3.7: Seed transmission 

 Asymptomatic and completely or partial malformed seeds obtained from diseased 

plants were collected. One hundred seeds for each healthy and infected were grown in 

pots under insect free cages and observed for development of symptoms up to the 

maturity of the plants. 

4.3.7: Graft inoculation 

 Twelve 3-4 week-old healthy plants were used for graft inoculation transmission trials in 

an insect-free greenhouse. A cutting of 12-13 cm from a symptomatic plant branch was 

used for grafting to healthy plants; the graft was sealed with parafilm. Observation of 

disease symptoms on grafted plants was then performed.  

4.4: Results 

4.4.1: Survey, Symptomatology and insect vectors 

 Distinctive symptoms of phytoplasma were observed on the sesame plants grown 

in certain regions of the Punjab, Pakistan. Phyllody and virescence (floral abnormality), 

shortened leaf size (Severe little leaf), leaf yellowing, shoot proliferation and stem 

tillering, infertile flowers, and seedless weak capsules at both vegetative and reproductive 

stages were observed (Fig. 4.1 and 4.2). Initially phytoplasma disease symptoms were 

observed on the top portion of the plant. In field, symptoms on sesame plants gradually 

increased towards older leaves. Around 20-38% of field plants from three different 

districts were identified to be infested by phytoplasma through visual symptoms 
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assessment (Table 4.4). In addition, number of insect species collected from sesame field 

in mentioned districts include: Orosius albicinctus, Empoasca spp., Circulifer tenellus, 

Orosius argentatus, Bemesia tabaci, thrips and some unidentified small leafhoppers. 

Overall numbers of these insects collected from different regions are also detailed in 

(Table 4.4). Phytoplasma infected sesame plants sample were collected from several 

regions of Punjab (i.e. Khanewal, Rahim Yar khan and Faisalabad) and brought to 

laboratory. The PCR result of field collected sesame and insects samples with Nested 

PCR by using universal primer pairs (P1/P7 and F2/R2) are shown in Table 4.4 and 4.5.  

4.4.2: Molecular Study for the identification of phytoplasma groups 

The nested PCR result of field collected sesame samples by using universal primer 

pairs (P1/P7 and F2/R2) resulted the amplification of 1.2 and 1.8kb DNA fragments 

(Fig.4.5). Further, the M1/B6, M1/M2 and tuf cocktail primers were used for all 

symptomatic and asymptomatic samples. All symptomatic plants resulted positive by 

nested PCR amplification producing the expected length amplicons of about 1,100, 500, 

and 450 bp respectively (data not shown) whereas no amplification was obtained from 

control and asymptomatic samples. The RFLP analyses with primers M1/M2 and tuf 

cocktail of the sesame (Sesamum indicum) showed that the phytoplasmas detected were 

indistinguishable from those of 16SrIX-C phytoplasma group employed as reference 

(Fig.4.6). The amplicons (907 bp and 1,321 bp) obtained by M1/B6 and F1/R0 from 

Sesamum (8A) and (8B) were directly sequenced on both strands which showed 99 to 

100% homology with those of phytoplasma strains affiliated with subgroups in 16SrII-D 

and 16SrIX group respectively (Fig.4.7 ). The virtual RFLP using iPhyClassifier after 

obtaining with TaqI, TruI and RsaI restriction enzymes indicated 16SrIX-H group (Fig. 

4.6). Phylogenetic analysis using additional strains confirmed the phytoplasma placement 

in the clade containing phytoplasmas assigned to the 16SrIX group which is clearly 

differentiable from other reported subgroups except 16SrIX-H group reported on Brassica 

from Pakistan (Fig. 4.7). Based on the above results, it is confirmed that two phytoplasma 

strain exixt on sesamum from Pakistan designed 16SrIX-H and 16SrII-D. 

4.4.3: Microscopy Examination   

The examination of Dienes’ stained hand sections ofsesamum leaves midrib was carried 

out using light microscope (Micros, Austria). Fig. 4.3 exhibited that, phloem treated with 

Dienes’ was dyed navy blue colored scattered zones showing presence of the 
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phytoplasma in midrib sections taken from infested samples. The phloem of sections 

taken from samples of healthy plants remained unstained. Further, electron microscopy 

observation of infested tissues exhibited 200-600 nm in diameter the pleomorphic bodies 

of phytoplasma that were restricted to the sieve elements but healthy samples were 

lacking such type of bodies (Fig. 4.4). 

4.4.4: Transmission Tests 

Healthy plants of dodder and sesame were subjected to PCR for phytoplasma 

detection before transmission experiment. Dodder and insects were causal agents of 

phytoplasma associated phyllody disease from infected to healthy samples. Symptom 

appeared on healthy plants after 28-45 days through dodder transmission. In insect 

transmission study, leafhoppers, O. albicinctus and O. argentatus were used in diseases 

transmission. Both insect vectors were able to transmit Phytoplasma disease in 24 out of 

30 and 18 out of 25 samples of sesame plants respectively. Insect vectors, O. albicinctus, 

and O. argentatus were capable of transmitting phytoplasma from infected to the healthy 

plants but whitefly and large brown leaf hopper E. indicus were not able to transmit 

diseases.  All the infected plants were completely symptomatic after 35-55 days. 

Symptomatic plants were positive for the phytoplasm DNA in PCR analysis. The 

transmission with Empoasca spp. and C. tenellus is under progress. One hundred seeds 

obtained from partial or fully symptomatic plants were grown in insect free cages. Eighty 

percent seeds were germinated from healthy and forty five percent of the seeds 

germinated from partially or fully infected plants and were observed for the symptom 

appearance up to maturity of the plants. A number of symptomatic plants were observed 

on plants grown by infected type of seeds that resulted positive (25%) in PCR assays. It 

indicated that phytoplasma can be transmitted through seeds. All the Twelve (3-4 week-

old) healthy plants used for graft inoculation in transmission trials for both phytoplasma 

strains (16Sr-II-D and 16Sr-IX-H) in an insect-free greenhouse using cutting of 12-13 cm 

from a symptomatic plant branch, showed disease symptoms on grafted plants. 

4.4.5: Testing phytoplasma infection in plant and insect samples 

  A PCR product of 1.25 kb specific to phytoplasma was identified in symptomatic 

sesamum plant samples collected from variant regions, while healthy plant samples 

showed no phytoplasma presence (Fig. 1). The overall infection in plant samples detected 

by nested PCR ranged from 20-38 % (Table 4.4). Nested-PCR results for insects 

including; Bemisia tabaci, thrips and another unidentified small leafhoppers did not show 



90 
 

phytoplasma infection, but in following leafhopper species; O. albicinctus, O. argentatus, 

Empoasca spp., and C. tenellus phytoplasma was detected (Table 4.5). However, analysis 

revealed that the average number of insects amongst overall insects (recognized hoppers 

species and others) was detected as phytoplasma infective species (Table 4.5). 

4.5: Discussion 

BLAST and virtual RFLP analysis of infected sesame plants identified 

phytoplasmas strains (SP) which belonged to a new 16SrIX-H (sarson phllody) and 

already described 16 SrII-D subgroups. These results were further verified by light 

microscopy, insect and dodder transmission tests. Detected Phytoplasma strains in sesame 

sample from two different groups have not been reported previously in Pakistan. 

Turkmenoglu and Ari (1959) were first persons who identified phyllody disease in 

sesame but they reported viruses as a causal agent. Ganem Junior reported phytoplasma 

16SrI-B group present in South Africa, India, Mymmar and Brazil. Myanmar and South 

Korea have phytoplasma belonging to sub groups 16SrI-B; Iran has phytoplasmas 

belonging to groups 16SrII-X, 16SrVI-A, 6SrII-D, 16SrIX-C and 16SrIX; 16SrII-D 

phytoplasma subgroup present in Oman and Pakistan, 16SrII-A, strain present in Turkey. 

(Salehi et al., 2016). In previous study, Akhtar et al., 2009 reported 16SrII-D group of 

phytoplasma in sesame infected plants but in contrast we observed an additional 

phytoplasma subgroup 16SrIX-H. However, recently our group firstly reported the 

infection of 16SrIX-H phytoplasma on sarson plants (Ahmad et al., 2017).  

Brown leaf hopper Orosius albicinctus, Hishimonus phycitis, (Neoaliturus 

haematoceps) is responsible of sesame phyllody assocated phytoplasma in pakistan 

(Akhtar et al., 2009; Ahmad et al., 2019)  (16SrI-B group) and worldwide (Sertkaya et 

al., 2007; Nabi et al., 2015; Salehi et al., 2016; Martini et al., 2018; Gogoi et al., 2019). 

Insect vectors and Phytoplasma subgroup 16SrII-D are responsible for causing phyllody 

diseases in chickpea, sesame, Parthenium, radish and tomato (Akhtar et al., 2008, 2009, 

2013; Ahmad et al., 2015a, b, c). In the current bioassay, O. albicinctus and O. argentatus 

transmitted two phyllody associated phytoplasma in sesame, while akhtar et al. (2008) 

reported only transmission of phytoplasma 16SrII-D in Pakistan. According to published 

data of phytoplasma this is first study in which 16SrIX-H subgroup phytoplasma 

associated with insect vector O. albicinctus and O. argentatus have been reported in 

Pakistan. Our glasshouse study showed that, O. albicinctus and O. argentatus collected 

from infected field of sesame transmitted phytoplasma subgroup 16SrII-D and 16SrII-H 
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from diseased to healthy plants. Molecular analysis through PCR of phytoplasmal DNA 

from field and greenhouse collected sample confirmed that O. albicinctus and O. 

argentatus are the natural vectors of sesame phyllody in different area of Pakistan. The O. 

albicinctus and O. argentatus have also been transmitted different strains of sesame 

phyllody in Iran, pakistan and turkey (Akhtar et al., 2008, 2009, Hoseini et al., 2007; 

Ikten et al., 2014). Hishimonus phycitis (Hemiptera: Cicadellidae) is the vector of 16SrI-

B phytolasma on sesame plant in Pakistan. However, latter vector linked with the sesame 

phyllody disease have not been reported in our location. 

4.6: Conclusion 

The study confirmed that 16SrIX-H, and 16SrII-D phytoplasmas are responsible to 

transmit phytoplasmas from infected  to healthy sesame plant, but further field survey are 

needed to identify these 16SrIX-H, and 16SrII-D phytoplasmas on other agricultural 

crops.  
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Table 4.1: Phytoplasmas associated with sesame diseases group and subgroup with their 

country of origin. 

Country Different strain of Phytoplasma 

group and subgroup 

References 

South Korea 16SrI, 16SrI-B Lee et al., 2004a,b; Rao et al., 

2015. 

India 16SrI, 16SrI-B, 16SrII-C 16SrI-

M, , 16SrII-C, 16SrII-D 

Manjunatha et al., 2012, 

Madhupriya et al., 2015; Nabi et 

al., 2015; Singh et al., 2016; 

Khan et al., 2007 

Turkey 16SrII-D, 16SrIX, 16SrIX-C Catal et al., 2013; Sertkaya et 

al., 2007; Ikten et al., 2014. 

Iran 16SrVI-A, 16SrII, 16SrIX, 6SrII-

D, and 16SrIX-C 

Esmailzadeh Hoseini et al., 

2007, Salehi et al., 2005; Salehi 

et al., 2016; Tazehkanda et al., 

2010 

Pakistan 16SrII-D Akhtar et al., 2008, 2009 

Pakistan 16SrIX-H and 16SrII-D This study 

Oman 16SrII-D, 16SrII Khan et al., 2007; Al-Sakeiti  et 

al., 2005. 

Taiwan 16SrII-A Tseng et al., 2014 

Brazil 16SrI-B Ganem Junior et al., 2017 

Mymmar 16SrI-B Win et al., 2010 
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Table 4.2: Phytoplasmas associated sesame phyllody disease: Identified Phytoplasma group 

and subgroup their insect vector and Country name. 

Identified 

Phytoplasma group 

and subgroup 

Vector Country Reference 

16SrI-B Hishimonus phycitis India Un Nabi et al., 2015 

16SrII Orosius albicinctus Iran Hoseini et al., 2007 

16SrII-D O. albicinctus Pakistan, Turkey Akhtar et al., 2008, 

2009; Ikten et al., 

2014. 

16SrIX-H O. albicinctus 

O. argentatus 

 

Pakistan This study 

16SrIX-C O. albicinctus Turkey Ikten et al., 2014 
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Table 4.3: Primers employed for the PCR/RFLP analyses of the barcode fragment of 

sesame phyllody phytoplasma (modified from Makarova et al., 2012). 

Primer name Primer sequence 

Direct PCR 

Tuf340fa/b 

(forward) 

GCTACTAAAGAAGAAAAAGAACGTGG + 

ACTAAAGAAGAAAAAGAACGTGG 

Tuf890ra/b/c 

(reverse) 

ACTTGDCCTCTTTCKACTCTACCAGT + 

ATTTGTCCTCTTTCWACACGTCCTGT + 

ACCATTCCTCTTTCAACACGTCCAGT 

Nested PCR 

Tuf400fa/b/c/d/e 

(forward) 

GAAACAGAAAAACGTCAYTATGCTCA + 

GAAACTTCTAAAAGACATTACGCTCA + 

GAAACATCAAAAAGACAYTATGCTCA + 

GAAACAGAAAAAAGACAYTATGCTCA + 

CAAACAGCTAAAAGACATTATYCTCA 

Tuf835ra/b/c 

(Reverse) 

AACATCTTCWACHGGCATTAAGAAAGG + 

AACACCTTCAATAGGCATTAAAAAWGG + 

AACATCTTCTATAGGTAATAAAAAAGG 
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Fig. 4.1: Phytoplasma-infected sesame plants in fields exhibiting leaf yellowing, 

phyllody, flower virescence, proliferation and tillering of shoots 
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Fig. 4.2: Abnormal growth symptoms of diseased sesame plant parts: A. Left infected 

shoots expressing the symptoms of wiches broom, phyllody and virescence. B. Diseased 

plants expressing abnormalities with green coloration and on right symptoms expressing 

brown color. Healthy (upper flower buds) and infected (lower flower buds)  
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Fig. 4.3: Phytoplasma detection through light microscopy by using Diene`s stainings in a 

thin cross section of sesame stem. Deep navy blue in distorted phloem cells of left cross 

section shows presence of phytoplasma as compared to absence of such color healthy 

normal cells of phloem in right cross section of healthy stem.  Magnifications at 40X 

 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

Fig.4.4 A phloem cell of phytoplasma affected sesamum plant showing phytoplasma 

bodies (bar = 0.30µm) in all sieve tube elements observed under electron microscope. 
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Fig. 4.5: Nested PCR detection of sesame associated phytoplasma using universal primer 

primers P1/P7 and RI6F2n/R2. Lane 1-4: P1/P7 based PCR amplicons (1.8 kb) of 

infected Fenugreek samples; Lane 5-8: RI6F2n/R2 based PCR amplicons (1.2kb) infected 

samples; Lane 9: + control; Lane 10: Healthy sample; Lane M:  I kb (+) DNA ladder 

Marker (GeneMark).  
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Fig.4.6: RFLP pattern of phytoplasmas from sesame compared with reference strains 

from 16SrII group; 8A (Sesame Pak); CWB (16SrII-A), WBDC (16SrII-B), FBC (16SrII-

C), TBB (16SrII-D), PEP (16SrII-E), COWB (16SrII-F). For amplification F2/R2 was 

used as primer in nested PCR. Restriction enzymes are given at bottom of the figures 

(Tru1and Taq1). Lanes 1; P, marker phiX174 HaeIII digested.  
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Fig. 4.7: Evolutionary relationships of phytoplasma strains enclosing those detected in 

infected sesame samples from Pakistan. Tree was created using Neighbor-Joining method 

(Saitu and Nei, 1987). 51 nucleotide sequences were used in this analysis. The positions 

having missing data and gaps were removed. MEGA6 software was used for evolutionary 

analyses (Tamura et al., 2013) 

 

 

 

 

 



107 
 

 

 

 

 

 
  

Table 4.4: Symptomatic plants observed during field surveillance  (pod initiation stage of 

plants) and nested-PCR detection of phytoplasma in samples collected from different districts 

of Punjab 

 

Sr No      Region Symptoms/total % Symptoms PCR (+)/total % PCR (+) 

1 Faisalabad 295/1000     29.5     25/30     83.3 

2 Rahim Yar Khan 193/1000           19.3     22/30     73.3 

3 Khanewal 376/1000      37.6     30/30     100 

Table 4.5: Insect specimens collected from sesame fields and nested-PCR detection of 

phytoplasma in samples collected from different districts of Punjab 

 

Sr 

No 

Region Insect Species Total 

insect 

PCR tested PCR 

(+)/total 

% infection 

1 Faisalabad Orosius  albicinctus 45 15 4/15 26.66 

Empoasca spp. 15 15 3/15 20 

Orosius argentatus 29 15 2/15 13 

Circulifer tenellus 13 15 3/15 20 

Bemesia tabaci 150 15 0/15 0 

Bugs 142 15 0/15 0 

2 Rahim 

Yar Khan 

Orosius  albicinctus 32 15 7/15 48 

Empoasca spp. 20 15 3/13 20 

Orosius argentatus        42 15 0/15 0 

Circulifer 

haematoceps 

34 15 10/15 66 

Bemesia tabaci     

Bugs 141 15 0/15 0 

3 Khanewal Orosius  albicinctus 29 15 5/15 33.33 

Empoasca spp. 20 15 1/15 6.66 

Orosius argentatus 23 15 5/15 33 

Circulifer tenellus 10 15 8/15 53 

Bemesia tabaci     

Bugs 124 15 0/15 0 
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Fig.4.8 Leafhoppers containing sesame phytoplasma detected by PCR and DNA 

sequencing. (A) Orosius albicinctus (B) Orosius argentatus (C) Exitianus indicus; (D) 

Bemesia tabaci; (E) Laodelphax striatellus; (F) Empoasca spp.  
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CHAPTER 5 

First report of 16srII-D Phyllody Phytoplasma and associated insect vectors 

infecting multi-lower inbred lines of sunflower (Helianthus annuus L.) In 

Faisalabad, Pakistan 

5.1: Abstract 

Multi-flower sunflower (Helianthus annuus L.) lines (Inbred lines) showing phyllody, 

virescence, big bud like disease symptoms were collected from experimental fields in 

Faisalabad, Pakistan. Light and electron microscopic observation confirmed the presence 

of phytoplasma in infected sunflower plants. DNA was extracted from infected samples 

for nested PCR using phytoplasma universal and specific primers based on 16Sr DNA 

sequence. The PCR detection, restriction fragment length polymorphism (RFLP) and 

nucleotide sequence (phylogeny) comparison of 16S rDNA showed the close association 

(>99-100% sequence similarity) of submitted accession number (MK421430.1) of 

sunflower phytoplasmas with peanut witches’-broom group (16SrII-D) available at NCBI. 

Transmission trials for diseases transmission confirmed the leafhoppers, Orosius 

argentatus and Circulifer tenellus as confirmed insect vectors responsible to spread the 

sunflower phyllody diseases from symptomatic to asymptomatic sunflower plants. 

According to our knowledge, this is the first time identification of 16SrII-D subgroup 

phytoplasma and associated potential insect vectors for sunflower phytoplasma disease 

transmission. It is further suggested to screen existed germplasm of sunflower against 

phytoplasma and not to use susceptible cultivars/germplasm to develop new varieties.  

The developed varieties from existing susceptible will not be able to resist phytoplasma 

diseases. The identified potential insect vectors of sunflower phyllody diseases should be 

controlled so that it could not spread to other agricultural crops.    

Keywords: Sunflower (Helianthus annuus L.), phyllody phytoplasma 16SrII-D, C. 

tenellus, O. argentatus, PCR and Phylogeny 
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5.2: Introduction 

Sunflower (Helianthus annuus L.) is an important oil seed crop grown worldwide for oil, 

food and fodder purposes. Pakistan is a dynamic agricultural country but unfortunately 

70% of the oil is imported from other countries. Soya bean and sunflower have a great 

potential for the increase of edible oil production in the country (Nasir, 2013). Although 

sunflower was introduced in Pakistan during 1960s but due to attack of insect pests, 

various diseases, low quality seeds and less market value, a declining trend in production 

was observed since 2010 (Basit et al., 2016).  Phytoplasma is a very destructive 

phytopathogen that changes the physiology and gene expression of attacked plant 

(Ahmad et al., 2013; 2014) inducing multiple infections and symptoms in various 

agricultural and medicinal plants (Lee et al., 2000; Ahmad et al., 2017) The main 

symptoms observed are floral virescence, phyllody, development of abnormal floral 

organs, extreme internode shortening and proliferation, small leaf size and overall 

yellowing (Akhtar et al., 2008; Sharif et al., 2019; Malik et al., 2020). Phloem sap-

sucking insect vectors such as Psyllidae, Cicadellidae, and Cixidae are thought to 

transmit phytoplasmas between plants (Lee & Davis, 1992; Ahmad et al., 2017). These 

are also transmitted through grafting or asexual propagation (Ahmad et al., 2013; Sharif 

et al., 2019) including storage tubers, cuttings, rhizomes & bulbs (Lee & Davis, 1992) 

and parasitic plants (Cuscuta campestres) (Salehi et al., 2014; Ahmad et al., 2017). 

Phytoplasma are restricted in the sieve tube element of infected plants and insect vectors 

where they reproduce successfully (Perilla-Henao and Casteel, 2016; Lee et al., 2000; 

Hogenhout et al., 2008). In nature, significant yield losses due to phytoplasmas diseases 

have been observed in ≥ 1000 species of different plant families (Lee et al., 2000; 

Bertaccini and Duduk 2009; Hosseini et al., 2017; Ahmad et al., 2017). Based on 16S 

rRNA gene, different groups and subgroups of phytoplasma have been identified and 

characterized. Symptoms observation and staining of infected parts of plants and light 

microscopy observation has been defined as a simple and quick method for spotting 

phytoplasma diseases (Deeley et al., 1979; Malik et al., 2020) Advanced techniques 

involvie fluorescent microscopy (Hibben et al., 1986; Franova et al., 2007), electron 

microscopy (TEM) (Sharif et al., 2019) as well as molecular techniques (Pavlovic et al., 

2014; Ahmad et al., 2017; Sharif et al., 2019). Phytoplasma associated with sunflower 

have been reported to cause significant economic losses in all over the world (Hosseini et 

al., 2017). First time sunflower phyllody disease of phytoplasma was observed in 

Argentina during 2010–2011 (Mulpuri and Muddanuru, 2016; Guzmán et al., 2014).  

https://link.springer.com/article/10.1007/s12223-016-0476-5?shared-article-renderer#ref-CR29
https://link.springer.com/article/10.1007/s12223-016-0476-5?shared-article-renderer#ref-CR5
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Sunflower phyllody diseases of Phytoplasma have been reported from Iran (Hoseini et al., 

2017; Salehi et al., 2015), Argentina (Guzmán et al., 2014), India (Mulpuri and 

Muddanuru, 2016) and Bulgaria (Avramov et al., 2016). In Pakistan,  phyllody as well as 

other phytoplasma associated symptoms have been reported on different oilseeds, 

vegetables and medicinal plants (Akhtar et al., 2008, 2009ab; Ahmad et al., 2015abc; 

Ahmad et al., 2017; Sharif et al., 2019; Malik et al., 2020). Recently, other than insect 

vectors, few important invasive lepidopterist insect species have also been identified and 

reported first time from Pakistan. (by The development of new pest and disease resistant 

varieties as well as screening of existing varieties against phytoplasma is the need of time. 

The current study was conducted to observe the phytoplasma infection and occurrence of 

potential insect vectors on inbred lines of multi-flower sunflower used to develop 

sunflower varieties in Faisalabad. 

5.3: Materials and Methods 

5.3.1: Plant and Insect samples collection  

Leaf samples from multi-flower sunflower (Helianthus annuus L.) lines (Inbred 

lines) showing phyllody, virescence, witches’ broom and big bud like disease symptoms 

were collected from Ayub Agriculture Research Institute (AARI), Faisalabad, Post 

Agricultural Research Station (PARS), University of Agriculture Faisalabad and 

Agronomy filed of the University of Agriculture Faisalabad (UAF) during August and 

November 2017-2019. These samples were taken from sunflower variety Skyscraper. The 

different leaf hoppers (Fig. 5.5) were also captured during field survey by using hand-

held vacuum apparatus. The collected insects were cage-reared along with healthy and 

infected sunflower plants under laboratory conditions and some were stored at -20 °C for 

molecular testing in PCR assays for the phytoplasma presence or absence. 

5.3.2: Light and Electron Microscopic Observation  

A 1–2 mm hand cut cross section of leaf midrib or stem portion from 25 healthy 

and 100 infected samples were collected during survey. Samples were treated with 

Dienes’ stain (stock solution: 0.5 g methylene blue, 1.25 g azure II, 0.25 g sodium 

carbonate and  10 g maltose dissolved in 100 ml distilled H2O) 0.2% v/v in distilled 

water, at 30 °C for 10 min (Deeley et al., 1979). Added one drop of xylol on objective 

lenz and observe under light microscope MCX100 Daffodil MicrosAustria (microscope 

model) was used at 40 X magnification. For SEM, a small piece of 1-2 mm length was 
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cut with the help of fine razor blade from each diseased and healthy plant samples. These 

pieces were fixed on microscopic slides with pH 7.4 and stored at 4°C for two days 

(Nienhaus et al., 1982). Then the cross sections of samples were made and stained with 

0.2% Diene s’ stain solution for 10 minutes at 30°C (Deeley et al., 1979). Washed excess 

stain with distilled water and then one drop of xylol was added to the slide with sample 

piece. The oil immersion lens of light microscope was used to focus the phloem sieve 

area of prepared samples. 

5.3.3: Disease transmission study  

Leaf hoppers O. argentatus, Ciculifer tenellus and Exitianus indicus were used to 

transmit phytoplasma from infected sunflower plants to healthy after collection from 

fields and reared on healthy periwinkles under controlled laboratory conditions at 30 ± 5 

°C and photoperiod (14:7). First, different groups of 25 adults of each leaf hoppers were 

tested for phytoplasma presence through PCR. Then, after confirmation of non-presence 

of phytoplasma, these were allowed to feed for 7 days on sunflower plants severely 

infected by phytoplasma for acquisition period. Then, a group of 25 (O. argentatus) and 

50 (Ciculifer tenellus and Exitianus indicus) insects were used for the transmission of 

sunflower phyllody disease from infected to healthy sunflowers. These insects were 

shifted into separate cages containing healthy plants for getting 3-5 days days’ latency 

period. After, they were moved to healthy caged plants and monitored daily up to three 

months until the development of symptoms on transmitted plants. Upon the onset of 

phyllody symptom, the samples were collected for molecular studies.  

5.3.4: Molecular Study  

Genomic DNA was isolated from control and infected flowers of sunflower using 

recommended protocol (Ahmad et al., 2013; Ahmad et al., 2017). Amplification of 

extracted DNA (0–20 ng) was performed through a simple PCR assay using P1/P7 primer 

pairs and amplicons were re-amplified in a pre-programmed thermal-cycler (PeqSTAR, 

Germany) by nested PCR assays using internal primers Fu5/Ru3 and/or R16F2n/R16R2 

(Gundersen and Lee, 1996; Smart et al., 1996). The content mixed were  0.2 mM each 

dNTPs, 0.5 μl of each primer pair (20 pmol), 1 unit of  DNA polymerase including buffer 

(10X Taq polymerase) in 0.5mL microfuge tubes to make final volume of 20 μl PCR 

reaction mixture. Pure PCR water and healthy sunflower samples were used as a negative 

control. Amplication of phytoplasmal DNA were carried out in programmable 

thermocycler. Following temperature condition was maintained in thermo cycler: 1 min 
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denaturation cycle at 94 °C, 2 min annealing cycle at 55 °C and 2 min extension cycle at 

72 °C. The later cycle was extended to 10 min at 72 °C. For nested PCR same above 

thermal conditions were maintained in thermocycler except 2 min annealing step at 50 °C. 

Agarose gel electrophoresis was performed with amplified phytoplasmal DNA, followed 

by visualization of DNA band stained with Ethidium bromide under UV Tran illuminator. 

PCR amplicons of16Sr RNA gene was purified and sequenced. Representative 16S rRNA 

gene sequences were deposited at GenBank and compared with other closely related 

phytoplasmas sequences. Version 5 of MEGA6 software was used to construct a 

phylogenetic tree by the neighbor-joining method with 1,000 replications for each 

bootstrap values (Tamura et al., 2011). 

5.4: Results  

5.4.1: Symptoms observation and Microscopic study  

Naturally infected and artificially inoculated sunflower plants exhibited distinctive 

symptoms like virescence, shoot proliferation, phyllody, reduced leaf size, infertile 

flowers, and seedless weak capsules. The most distinctive symptoms observed alteration 

of floral leaves into green leaf-like structures (phyllody), replacement of ovary by shoot 

like elongated structures, the calyx turns to polysepalous and petals become leaf-like 

structures (Fig. 5.1). Disease symptoms were developed initially on the upper part of the 

canopy and prevailed rapidly to the older leaves during flowering. Several sunflower 

plants exhibiting distinctive phyllody symptoms were harvested from the field and tested 

through direct PCR assays. Light microscopy of Dienes’ staining section showed 

phytoplasma unit in the phloem region of sesame plant infected with phytoplasma. In 

contrast, no intense colour was observed in similar stained section of symptomless tissues 

(Fig. not shown here). Scanning electron microscopic observation of infected sunflower 

samples showed pleaomorphic bodies having diameter ranging from 200 to 600nm 

limited in phloem areas while healthy samples did not show any type of bodies (Fig. 5.2).   

5.4.2: Identification of sunflower diseases by Molecular Analysis  

Sunflower plants bearing phyllody symptom were subjected to direct and nested 

PCR that produced positive DNA fragment of about 1.8 kbp and 1.25 kbp, respectively 

whereas negative DNA fragment resulted from control and healthy sunflower plants 

(Fig.5.3). After sequencing, desired amplified and sequenced PCR products of P1/P7 and 

F2/R2 were deposited in GenBank with accession numbers (MK421430.1) and compared 

with phytoplasma species available in the GenBank through BLAST search tool. 
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Phylogenetic investigation for percentage homology was determined between the 

16SrDNA sequences that showed that sunflower isolate exhibited >99-100% association 

with Ca. P. australasia strain of 16Sr II-D subgroup (acc.no Y10097). Further, digestion 

of the nested PCR products with HpaII, AluI (restriction enzymes) revealed the same 

restriction fragment length polymorphism (RFLP) pattern of 16S rDNA sequence as 

obtained with reference strain of sesamum indicum phyllody phytoplasma of 16SrII-D 

group (Fig. 5.3).  

5.4.3: PCR tests and Transmission Analysis 

The potential insect vectors were captured from infected sunflower fields and used 

for PCR analysis and transmission tests. Table 5.2 showed the different species of insect 

vectors collected during sunflower sampling which were positive for phytoplasma 

presence when tested by PCR analysis. Except for white fly (B. tabaci) and aphids (A. 

gossipy), nearly all collected insect vectors has phytoplasma presence in their bodies 

(Table 5.2). Maximum detection of phytoplasma presence was observed in Orosius 

species (O. orientalis and O. argentatus) and Circulifer tenellus and minimum from E. 

indicus collected from three different location of Faisalabad. Among phytoplasma 

positive insects, three potential insect vectors (O. argentatus, C. tenellus and E. indicus) 

were used for transmission trials.  E. indicus failed to transmit the disease but O. 

argentatus and C. tenellus were able to transmit sunflower phyllody from infected to 

healthy sunflower plants. Symptoms of sunflower phyllody were appeared on plants 

within 25-55 days after transmission of insect vector. PCR analysis showed positive DNA 

for symptomatic plants, while negative phytoplasmal DNA resulted from asymptomatic 

plants. The 10 out of 25 sunflower plants were disease transmitted after transmission of 

leafhopper O. argentatus whereas 15 out of 25 sunflower plants were disease transmitted 

after transmission of leafhopper C. tenellus. After 50 days of transmission, all plants 

exhibited phyllody symptoms or asymptomatic were PCR positive after nested PCR 

assays. The transmission with other phytoplasma positive leafhoppers particularly 

(Empoasca spp, L. striatellus and Amrasca biguttula) are under progress.  

5.5: Discussion 

Sunflower is an important oilseed crop in Pakistan but because of unavailability of 

high yielding diseases and pest resistant varieties, low quality seeds and low market value 

is the main constraint of low yield in Pakistan. Diseases and pest attack also discouraging 

farmers to grow oilseeds crops on wider area. The healthy germplasm which is used to 
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develop resistant and high yielding varieties is the primary part in good quality seed 

production. Phytoplasma is an important disease that interferes with plant developmental, 

molecular and physiological process (Ahmad et al., 2013, 2014; Yaseen et al., 2020). 

Current research was conducted to observe the susceptibility or resistant status of multi-

flower sunflower germplasm (Inbred lines) being used to develop new sunflower varieties 

in Pakistan. Based on symptom observation as well as microscopic and molecular 

techniques, selected multi-flower inbred lines of sunflower at AARI and UAF were seen 

to be highly susceptible against phyllody phytoplasma diseases in Faisalabad, Pakistan. 

The amplicon of 16S rRNA genes of infected sunflower plant identified phytoplasmas 

strain as a member of 16Sr-II-D. The presence of phytoplasma further verified through 

light and electron microscope as well as insect transmission.  Sunflower phyllody 

associated to phytoplasma subgroup16Sr-II-D have also been reported in chickpea 

(Akhtar et al., 2008, 2009b; Ahmad et al., 2019), fenugreek (Malik et al., 2020), 

parthenium, tomato, brassica, sesamum (Ahmad et al., 2015a, 2015b, 2015c), carrot, 

radish and onion (Sharif et al., 2019). However, the phytoplasmas detected in sunflower 

from different geographical areas (Table 1) are not alike and have been reported as a 

member of 16Sr-III group (X group) in Argentina (Guzmán et al., 2014), 16SrII and 

16SrVI (Tazehkand et al., 2010), and 16SrII-D groups in Iran and India (Salehi et al., 

2015; Mulpuri and Muddanuru, 2016). The 16SrII phytoplasmas belong to subgroup 

16SrII-D have been reported in sunflower, pot marigold, white clover, alfalfa witches’-

broom, tomato, chickpea , Picris hieracioides and sesame solanaceous and cucurbit crops 

( Hosseini et al., 2013; Singh et al., 2012; Mitrovic et al., 2012; Alfaro-Fernández et al., 

2012; Hosseini et al., 2011; Khan et al., 2002; Omar and Foissac, 2012). Among 15000 

described species of Cicadellidae, 88 species are insect vector of phytoplasmas diseases 

in plants (Rojas-Martínez, 2009). Brown leafhopper Orosious orientalis (Hemiptera: 

Cicadellidae) transmit Phytoplasma Phyllody disease in different agriculture crops 

(Sertkaya et al., 2007; Nabi et al., 2015; Martini et al., 2018; Gogoi et al., 2019; Salehi et 

al., 2016) all over the world. In Pakistan, Orosious orientalis is also a confirmed insect 

vector for oils seed crops as sesamum indicum, brassica campestris and vegetables 

(Akhtar et al., 2008, 2009ab; Ahmad et al., 2015abc; Ahmad et al., 2017; Ahmad et al., 

2019; Sharif et al., 2019; Malik et al., 2020). Other than sucking insect vectors, different 

lepidopterist species have also been identified and reported in Pakistan (Manzoor et al., 

2018, 2020; Ahmad et al., 2020ab). In this study, O. argentatus and C. tenellus are 

responsible of spreading 16SrII-D phytoplasma from infected to healthy plants. Orosius 
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species are the natural insect vectors of phytoplasma associated phyllody in sunflower. 

The O. orientalis has also been reported the insect vector of aster yellows (Tanne et al., 

2001), alfalfa witches-broom (Salehi et al., 1995), garden beet witches’-broom (Mirzaie 

et al., 2007) and sesame phyllody associated phytoplasma (Ishihara, 1982). Moreover, 

Orosius species reported as the main insect vector of agricultural, horticultural and 

ornamental plants in Asia and Africa (Ishihara, 1982), Iran (Hosseini et al., 2007), Turkey 

(Sertkaya et al., 2007) as well as in Pakistan (Akhtar et al., 2009; Ahmad et al., 2015abc; 

Ahmad et al., 2017; Ahmad et al., 2019; Sharif et al., 2019). Other than other agricultural 

crops, sesamum indicum is the most affected phytoplasma associated (16SrII-D) oilseed 

crop in Pakistan. It is quite possible that sunflower associated phytoplasma is being 

transmitted from other crops to sunflower through potential insect vectors. To stop the 

spread of phytoplasma diseases to other major crops, it is essential to manage insect 

vectors as well as to develop resistant germplasm for the development of resistant 

varieties in Pakistan.   

5.6: Conclusion 

This is first time report of sunflower phyllody and its associated insect vector in 

Faisalabad, Pakistan. Detected phytoplasma in this investigation closely related to ‘16SrII 

group’ and sub-group “D”. So, there is dire need to manage this hazardous disease and its 

causal agent. Developments of resistant cultivars are the effective and long-term approach 

to control sunflower phyllody disease. Further, it is recommended to screen all existed 

germplasm and not to use susceptible multi-flower sunflower inbred lines for the 

development of new varieties because of their high susceptibility against phytoplasma. 

Field surveys are being conducted to investigate the symptom of sunflower phyllody in 

several other important crops growing regions of Pakistan. 
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Figure 5.1: Symptoms appeared on phytoplasma infected sunflower plant parts. (A) 

Healthy flower (B-F) Capitola having green color flowers, phylloid flowers appeared on 

all branches, capitola with disc florets and ligulae malformed in green color structures, 

big bud like structures with severe proliferation. Healthy plants with normal plant growth 

having flowers and pods formation but (C and G) infected plants showed severe 

abnormalities in vegetative and reproductive parts of plants. 
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Figure 5.2:  Scanning Electron microscopic observation of phloem cell of phytoplasma 

affected Sunflower plant showing phytoplasma bodies (bar = 0.30µm). 

 

 

 

 

 

Figure 5.3: Nested PCR detection of sunflower associated phytoplasma by using 

universal primer primers P1/P7 (Lanes 1-5) followed by RI6F2n/R2 (Lanes 7-11). Lane 6 

and 14- healthy samples; Lane 1-5- and 7-13 infected samples; Lane M-  I kb DNA ladder 

(Invitrogen). 
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Figure 5.4: Restriction Fragment Length Polymorphism (RFLP) using restriction 

enzymes (Hpa II and AluI); The wells (1-12) contain the RFLP and nested PCR products 

from sunflower samples digested with the HpaII (1-3 wells), non-digested (5-7 wells) of 

PCR2 Product, AluI (9 -11 wells). The wells 4, 8 and 12 contain Nested PCR DNA 

samples obtained from phytoplasma infected sesame (16SrIID reference strain). 

Electrophoresis was conducted in 2 % agarose gel dyed with ethidium bromide (1 μg μL-

1) in the TAE 1X buffer. M: DNA ladder (100bp Invitrogen). 
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Figure 5.5: Phylogenetic tree through multiple alignment of nucleotide sequences of 

genes (16S rRNA) for sunflower phylody phytoplasma (MK421430.1) and GenBank 

available ‘Candidatus species’ using MEGA6 software with the Neighbor-Joining 

method (Felsenstein, 1985; Saitu and Nei, 1987).  
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Figure 5.6: Leafhoppers detected by nested PCR and 16SrDNA sequencing. (A-B left) 

infected sunflower with Circulifer tenelus feeding on leaves. (A) Orosius albicinctus (B) 

Orosius argentatus (C) Laodelphax striatellus (D) Exitianus indicus (E) Empoasca spp  

(F) Amrasca biguttula.  
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Table 5.1. Phytoplasmas associated sunflower disease: Country name and their identified 

Phytoplasma groups and subgroups 

Country Identified Phytoplasma group and subgroup                          References 

1  Iran                16SrII-Z, 16SrII group,  Esmailzadeh Hoseini et al., 2017, 

Salehi et al., 2015  

2        Argentina                      16SrIII-J Guzmán et al., 2014 

3 India                      16SrII-D Mulpuri and Muddanuru, 2016 

4 Bulgaria                      16SrXII-A Avramov et al., 2016 

5 Pakistan                       16SrII-D This study 
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Table 5.2.  PCR detection of phytoplasma from different insects captured from sunflower 

fields and surroundings during 2017-2019. Number of PCR positive insects/total number 

of tested insects from three locations 

 

S. 

No. 

   Insect  

Species 

      Location 1                   Location 2 

(no.) PCR +/Total        (no.) PCR +/Total 

         AARI                             UAF                                              

    Location 3       

(no.) PCR +/Total 

          PARS                                   

 

1  

  

Orosius argentatus 

           

           08/25                        12/20                 

           

       10/20               

2  Orosius orientalis            10/30                        08/25        05/15 

3  Exitianus indicus            04/25                         00/30        03/20 

4  Empoasca fabae            10/30                         09/25        03/10 

5  Bemesia tabaci            00/25                         00/20        00/10 

6   Amrasca biguttula.            05/25                         11/50        05/20 

7 

8 

9 

                                                     

 Laudelphax 

striatellus 

Aphis gossipy. 

Circuler tenellus  

 

           11/50                         08/30 

           00/50                         00/25 

           24/50                         13/30                          

       05/15 

       00/20 

       16/30 
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CHAPTER 6 

Summary 

Oilseeds crops are important for the human diet after sugar and cereal crops in 

Pakistan. Among these oilseed crops, Brassica compestris (Sarson), Brassica napus, 

Sesamum indicum and Helianthus annuus are important. Mustard and rapeseed are 

important brassica species grown in Pakistan. Phytoplasmas are wall-less intracellular 

obligate potential bacterial phytopathogens which cause huge economic losses in oilseed 

crops. So there was dire need to identify this mycoplasma like organisms and their 

potential insect vectors. In current study, different groups of phytoplasmas and their 

associated insect vectors have been identified from Brassica campestris (sarson), 

Sesamum indicum and Helianthus annuus. Infected samples of B. napus, S. indicum and H. 

annuus were collected from Rahim Yar Khan, Khanewal, Faisalabad and Dera Ghazi 

Khan Districts of Punjab, Pakistan.  

In first experiment, B. campestris, samples were collected with diseased plants 

expressing characteristic symptoms like witches broom and phyllody. Phytoplasmas 

existence in diseased samples was comfirmed by microscopy as well as performing 

polymerase chain reaction (PCR) on 16S ribosomal and tuf DNAs, followed by RFLP and 

sequence comparison of tuf genes and 16S rRNA. First time, a new strain of phytoplasma, 

16SrIX-H (Genbank Ac. No.: KU892213) was identified as subgroup associated with B. 

campestris phyllody disease in Pakistan. The transmission trials through parasitic plant 

(dodder) and insect vector, Orosius albicinctus was also conducted which showed 

confirmation of transmission of identified group (16SrIX-H).  

In 2nd experimental work, survey was conducted to identify phytoplasma groups 

and subgroups on sesame (Sesamum indicum) by using molecular techniques and 

transmission tests. Phyllody is destructive and economically important disease of sesame 

(Sesamum indicum L.) causing severe economic losses in Pakistan. The observed infected 

plants were partially or completely sterile due to severe infection. The infected samples of 

sesamum were collected from farmers’ fields and examined through staining and electron 

microscope which indicated the clear presence of phytoplasma bodies in sieve tube 

elements. Nested Polymerase Chain Reaction (Nested-PCR) was performed and the 

amplification of 1.8 kb and 1.2 kb DNA fragment of 16SrDNA using the primer pairs 

P1/P7, RI6F2n/R2 and tuf genes. Restriction fragment length polymorphism (RFLP) 

https://en.wikipedia.org/wiki/Helianthus_annuus
https://en.wikipedia.org/wiki/Helianthus_annuus
https://en.wikipedia.org/wiki/Helianthus_annuus
https://en.wikipedia.org/wiki/Helianthus_annuus
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analysis and DNA sequencing confirmed associating with 16S ribosomal-DNA of 16SrII-

D subgroup linked with sesame phyllody (16SrII-D) group and ribosomal subgroup 

16SrIX-H. In nested PCR, various captured insect vectors, Orosius albicinctus, Orosius 

argentatus, Empoasca decipiens and Laudelphax striatellus were detected positive for 

phytoplasma and transmission trials further confirmed the vector status of O. argentatus 

and O. albicinctus for sesamum phyllody diseases transmission.  

In 3rd experimental work, phytoplasma infected multi-flower sunflower 

(Helianthus annuus L.) lines (Inbred lines) showing bigbud and whiches broom like 

symptoms were collected alongwith potential insect vectors from Faisalabad. The 

presence of phytoplasma was confirmed through Light and electron microscopic 

observation. The nested PCR, restriction fragment length polymorphism (RFLP) pattern 

and nucleotide sequence (phylogeny) comparison of 16S rDNA showed the close 

association (>99-100% sequence similarity) with 16SrII-D peanut witches’-broom group. 

The DNA sequence for sunflower was submitted under accession number (MK421430.1) 

available at NCBI. The phytoplasma detection was also done from various collected 

potential insect vectors but Orosius argentatus and Circulifer tenellus are responsible to 

spread the sunflower phyllody diseases from symptomatic to asymptomatic sunflower 

plants. According to our knowledge, this is first time identification of 16SrII-D subgroup 

phytoplasma in Pakistan. It is suggested to screen existed germplasm of oilseed crops 

against phytoplasma and not to use susceptible cultivars/germplasm to develop new 

varieties otherwise developed varieties will not be able to resist phytoplasma diseases 

causing huge loss in future. The identified potential insect vectors of phyllody diseases 

should be controlled to spread phytoplasma further to other agricultural crops. 

 

 


