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2 

Abstract 24 

A petunia witches’ broom (PvWB) disease, characterised by phyllody, virescence, witches' broom, 25 

little leaf and yellowing was observed in municipal lands and parks in Bandar Abbas, Hormozgan 26 

province, Iran with an average incidence of 20%. PCR and sequencing analysis showed that a 27 

phytoplasma  saw associated with the disease sharing 99% sequence identity with ‘Candidatus 28 

Phytoplasma australasia'-related strains. Furthermore this phytoplasma was transmitted to healthy 29 

petunia plants by the leafhopper Orosius albicinctus was then demonstrated to be a vector of this 30 

phytoplasma. This is the first report of the association between ‘Ca. P. australasia’ and Petunia 31 

violacea witches’ broom and of the insect vector of this disease. 32 

33 
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Introduction 47 

Phytoplasmas which are obligate bacterial parasites of the plant are characterised by the lack of 48 

cell wall, pleomorphic or filamentous shape, with a diameter less than one micron (Hopkins 1977). 49 

Phytoplasmas are responsible for a significant economic loss in annual and perennial crops, bushes 50 

and fruit trees as well as ornamental species and natural landscapes around the globe. Phytoplasma-51 

associated disease symptoms in several plant species are yellowing, stunting and phyllody as well 52 

as witches' broom (Bertaccini et al. 2014). To date, many phytoplasma strains have been identified 53 

and classified in ribosomal group and subgroups following examination of the restriction fragment 54 

length polymorphism (RFLP) of 16S rRNA gene (Lee et al. 1998). Phloem sap-sucking insect 55 

vectors belonging to Hemiptera order are responsible for the natural spread of phytoplasmas 56 

(Weintraub and Beanland 2006). Phytoplasma transmission could be achieved through grafting, 57 

seed and vegetative propagation through cutting, tubers, rhizomes or bulbs (Calari et al. 2011; 58 

Chung and Jeong 2014; Caglayan et al. 2019). 59 

Petunia is an economically important ornamental species cultivated throughout the world. Most 60 

of the cultivated Petunia plants are produced through hybridisation between Petunia violacea with 61 

purple flowers and Petunia axillaris with white flowers. P. violacea is a perennial species in its 62 

natural environment but cultivated as annual plant under production systems. It is a low-spreading 63 

species very heat tolerant with purple flowers (Shams et al. 2012). Cultivated varieties have 64 

attractive and funnel-shaped flowers and are popular among gardeners. Also, seed-grown Petunia 65 

violacea are widely planted as an ornamental plants in urban areas and parks in Bandar Abbas, 66 

Hormozgan Province, Iran from November to March. 67 

The presence of phytoplasmas in Petunia violacea was reported in India, however the phytoplasma 68 

identification was not achieved while a phytoplasma was experimentally transmitted from sesame 69 
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to P. violacea by Orosius spp. (Vasudeva and Sahambi 1955). An aster yellows (AY) phytoplasma 70 

was recently associated with Petunia flat stem disease in China and Korea (Chung and Huh, 2008). 71 

Faghihi et al. (2014) also reported the association of 16SrII-D phytoplasma with P. × hybrida in 72 

Iran. 73 

In December 2017, typical symptoms of phytoplasma disease, including phyllody, virescence, 74 

witches' broom, little leaf and yellowing were observed in seed-grown Petunia violacea planted in 75 

municipal lands and parks of Bandar Abbas, Hormozgan province, Iran. This study was carried 76 

out to detect and identify the phytoplasma in P. violacea and its insect vector. 77 

Materials and Methods 78 

Plant materials and disease incidence 79 

Samples of symptomatic plants (10 samples) showing phyllody, virescence, witches' broom and 80 

little leaf and of asymptomatic P. violacea (5 samples) were collected from three boulevards in 81 

Bandar Abbas (Table 1). Simultaneously, insect samples were collected using a D-Vac aspirator 82 

to be checked for phytoplasma presence. Insects species, mainly leafhoppers, collected on the 83 

symptomatic plants were morphologically identified (Pakarpour Rayeni and Seraj 2016). In 84 

addition, insects were preserved in acetone until DNA extraction. Information about number of 85 

collected and infected insects is presented in Table 1. Disease incidence of planted Petunia was 86 

separately calculated in 3 boulevards of Bandar Abbas using the formula given below: 87 

% disease (incidence) =
number of infected plants

population size
x 100 88 

A total of 3,000 plants were inspected based on symptoms including yellowing, witches' broom 89 

and phyllody for each boulevards (Table 1) and only considered infected if the plants showed all 90 

these symptoms. The disease incidence was about 20% at the time of the survey. 91 

92 
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DNA extraction and amplification 93 

Plant DNA was extracted from 0.5 g of the mid-vein of ten symptomatic plants and five 94 

symptomless plants by the cetyltrimethylammonium bromide (CTAB) extraction procedure 95 

described by Doyle and Doyle (1990). Total DNA was extracted from single leafhopper using an 96 

adjusted CTAB protocol (Reineke et al., 1998).  97 

Phytoplasma presence was detected by PCR. The P1 and P7 primers (Deng and Hiruki 1991, 98 

Schneider et al. 1995) were used to prime phytoplasma-universal amplification of 16S rRNA gene 99 

sequences, followed in nested-PCR by the primer pair R16F2n/R16R2 (Gundersen and Lee 1996) 100 

amplifying on the 16S rRNA gene. PCR assays were performed in 50 μl reaction mixture 101 

containing one μM of each primer, 25 μl master mix (Ampliqon, cat. no. A190303, Denmark), 20 102 

μl deionized distilled (dd) H2O and 3 μl template DNA. Thirty five PCR cycles were conducted in 103 

a Peqlab thermocycler (Germany). The thermal conditions for P1/P7 were as reported (Hemmati 104 

et al., 2018). The obtained PCR products from the direct amplification were diluted with ddH2O 105 

(1: 20) and then 1 μl of each dilution was used as template for nested PCR amplification carried 106 

out as described above except for the annealing temperature at 56ºC. The PCR products were 107 

separated on 1% agarose gel using a 3-kb plus molecular weight marker (DM23500, SMOBIO, 108 

Taiwan).  109 

Afterwards, the nested-PCR products (three samples of infected plants, three samples of insects) 110 

were bidirectionally sequenced by Macrogen Sequencing Service (Republic of Korea) by using 111 

primer R16F2n/R16R2. Raw sequence chromatograms were assembled and then edited using 112 

DNASTAR version 5.1 to correct ambiguous bases or remove low quality stretches from termini 113 

of the sequences. Homologies to known sequences were detected using the BLASTN algorithms 114 

against the non-redundant GenBank database.   115 
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Transmission trial 116 

For the leafhopper transmission assays, seeds of Petunia violacea plants were sown in pots and 117 

placed in insect-free greenhouse inside cages covered with plastic cylinder of 13 inch diameter 118 

tightened on the top with muslin cloth. Twenty seed-grown petunia plants were used for 119 

transmission trial. Before the start of the transmission trial, all plants were tested for the presence 120 

of phytoplasma by nested PCR using the aforementioned assay. In addition, plants were 121 

individually caged. The leafhoppers were collected from symptomatic plants at full flowering stage 122 

by using a D-Vac aspirator in early January 2017. A total of 65 adults of Orosius albicinctus were 123 

transferred to 15 cages with plants at four leaf stage. For each cage, 4-5 insect individuals were 124 

released. Five cages with healthy P. violacea plants where no leafhopper was released were used 125 

as control. The plants were maintained in the growth chamber (25 ± 1ºC, 16:8 L:D and 70 ± 5%  126 

RH) for monitoring the disease symptoms development and sampling for PCR assays up to 60-75 127 

days post-inoculation.  128 

Results 129 

Naturally infected Petunia showed severe symptoms such as malformed leaves, yellowing and 130 

little leaf as well as witches' broom, virescence and phyllody. The target DNA of the expected size 131 

of approximately 1.25 kb was amplified using R16F2n/ R16R2 primer pair specific of phytoplasma 132 

16S rRNA from all symptomatic plants. Likewise, the amplified products were obtained from 133 

positive control (‘Candidatus Phytoplasma phoenicium’) (Hemmati et al., 2018) samples, but not 134 

in assays of samples from both non-symptomatic plants and negative control (DNA template free).  135 

Sequence analysis of the 1,210 bp of ribosomal RNA gene revealed that the phytoplasma detected 136 

in P. violacea witches' broom disease (PvWB) (GenBank accession numbers MH450237-39) is 137 

related to 'Candidatus Phytoplasma australasia' with highest identity 99.92% (1209 identical bases) 138 
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to the strain phs 2 from Heliopsis helianthoides from Iran (GenBank accession number 139 

MK255070) and strain CpSD1 from Cicer aretinum from India (GenBank accession number 140 

MK217101). The phylogenetic tree constructed using a neighbor-joining (NJ) phylogeny with 141 

MEGA 6 software (Tamura et al. 2013) allowed to cluster the detected sequences with 142 

phytoplasma strains related to ‘Ca. P. australasia’ (White et al. 1998; Bertaccini and Lee 2018) 143 

enclosed in subgroup 16SrII-D (Fig. 2).  144 

Orosius albicinctus (Distant, 1908) was the only infected leafhopper collected from the three 145 

boulevards in Bandar Abbas (Table 1). The three sequences obtained from insects were aligned 146 

(Clustal Omega) were deposited in GenBank under the accession numbers MH463460-62 and 147 

showed 100% identity with those obtained from the symptomatic plants. In the transmission trials, 148 

after 8-10 weeks from inoculation, thirteen out of fifteen P. violaceae plants fed on by the O. 149 

albicinctus showed symptoms such as yellowing, little leaf, stunting, phyllody and witches' broom 150 

(Fig 3). Phytoplasma presence in the symptomatic insect-inoculated plant was verified by nested-151 

PCR and sequencing as described above. All plants showing symptoms were positive in PCR 152 

assay. The sequences obtained from experimentally infected plants (GenBank Accession numbers 153 

MH068682-4) were aligned with those obtained from symptomatic plants and insects and showed 154 

100% identity. The plants that were not exposed to O. albicinctus were growing normally. 155 

Discussion 156 

In this study the association between symptomatic P. violacea, a ‘Ca. P. australasia’ –related strain 157 

and the insect vector of the disease was confirmed by PCR assays and transmission trials 158 

respectively. In Iran, group 16SrII-D phytoplasmas have been identified in association with many 159 

diseased vegetable crops such alfalfa witches' broom, tomato witches' broom, cucumber and 160 

squash phyllody, parsley witches' broom, pomegranate little leaf (Salehi et al. 2014, 2015, 2016a, 161 
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2016b; Esmailzadeh-Hosseini et al. 2016). Since the symptoms affect the architecture and 162 

aesthetics of private and public gardens and parks, phytoplasma infected ornamentals are of an 163 

economic importance. In addition, phytoplasma-infected P. violacea plants may pose an 164 

epidemiological threat to the other ornamentals or nearby plant species.  165 

Based on the results O. albicinctus is a vector of this disease in P. violaceae in Bandar Abbas. As 166 

reported by other researchers (Esmailzadeh-Hosseini et al. 2007; Ikten et al. 2014, Omidi et al. 167 

2010; Salehi et al. 2015; Yadav et al. 2015), O. albicinctus can vector diverse phytoplasmas to 168 

different plant species; the insect is widely distributed in Iran, Australia, Fiji, Indonesia, New 169 

Britain and Giava, Israel, Egypt, India (Pakarpour Rayeni and Seraj 2016). 170 

Although the association between phytoplasmas and P. violacea has not been reported yet, the 171 

association between Petunia × hybrida and phytoplasmas has been previously verified by Chung 172 

et al. (2013) and Faghihi et al. (2014) who indicated that the species was infected by “stolbur” 173 

phytoplasmas and 'Ca. P. australasia'-related strains in Korea and Iran, respectively. Chung and 174 

Jeong (2014) showed that the phytoplasma associated with P.× hybrida in Korea had seed 175 

transmission. The high prevalence of this disease in Bandar Abbas is in agreement the seed 176 

transmission possibility since about 20% of the plants resulted phytoplasma-infected, even though 177 

the role of insect vector should not be ignored in the case reported here. In addition, it should be 178 

taken into account that in the current research, only plants with severe and visible symptoms were 179 

considered as infected, therefore the real disease incidence could be underestimated, and the 180 

disease incidence may be higher if tested by PCR. The possible presence of seed transmission may 181 

explain the incidence observed in the boulevards and municipal parks that were surveyed. 182 

Moreover usually the petunia plants are cultivated in nurseries first and then transplanted in the 183 

parks where the active insect vector, O. albicinctus, could infect many plants and increase the 184 
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incidence of the disease. This is the first report of a ‘Ca. P. australasia’-related strain (16SrII-D 185 

subgroup) associated with P. violacea witches broom’ disease and of its insect vector in Iran and 186 

in the world.  187 

 188 

 189 

Compliance with Ethical Standards: 190 

Funding: This research has not received any funding.  191 

Conflict of interests: all authors declare that they have no conflict of interest. 192 

 193 

References 194 

Bertaccini A, Lee I-M (2018) Phytoplasmas: an update. In: Phytoplasmas: Plant Pathogenic 195 

Bacteria-I. Characterization and Epidemiology of Phytoplasma-Associated Diseases. Ed GP 196 

Rao, A Bertaccini, N Fiore, L Liefting. Chapter 1. Pag. 1-29, Springer, Singapore. 197 

Bertaccini A, Duduk B, Paltrinieri S, Contaldo N (2014) Phytoplasmas and phytoplasma diseases: 198 

a severe threat to agriculture. Am J Pl Scie. 5:1763-1788. 199 

Caglayan K, Gazel M, Škorić D (2019) Transmission of phytoplasmas by agronomic practices. In: 200 

Phytoplasmas: Plant Pathogenic Bacteria-II Transmission and Management of Phytoplasma 201 

Associated Diseases. Eds. Bertaccini A., P. Weintraub, G.P. Rao, N. Mori . Chapter 6. Pag. 202 

149-164. Springer, Singapore. 203 

Calari A, Paltrinieri S, Contaldo N, Sakalieva D, Mori N, Duduk B, Bertaccini A (2011) Molecular 204 

evidence of phytoplasmas in winter oilseed rape, tomato and corn seedlings. Bull Insectol. 205 

64(Suppl):S157-S158.  206 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

10 
 

Chung BN, Huh KY (2008) Occurrence of petunia flattened stem caused by phytoplasma. Pl Pathol 207 

J. 24:279-282. 208 

Chung BN, Jeong MI (2014) Identification of “stolbur” phytoplasmas in Petunia hybrida seedlings. 209 

Phytopath Moll. 4:5-8. 210 

Chung BN, Jeong MI, Choi SK, Joa JH, Choi SK, Choi IM (2013) Occurrence of “stolbur” 211 

phytoplasma disease in spreading type Petunia hybrida cultivars in Korea. Pl Pathol J. 212 

29:465-469. 213 

Deng S, Hiruki C (1991) Amplification of 16S rRNA genes from culturable and nonculturable 214 

mollicutes. J Microb Meth. 14:53-61. 215 

Doyle JJ, Doyle JL (1990) Isolation of plant DNA from fresh tissue. Focus 12:13-5. 216 

Esmailzadeh-Hosseini SA, Mirzaie A, Jafari-Nodooshan A, Rahimian H (2007) The first report of 217 

transmission of a phytoplasma associated with sesame phyllody by Orosius albicinctus in 218 

Iran. Au Pl Dis Notes 2:33–34. 219 

Esmailzadeh Hosseini SA, Khodakaramian G, Salehi M, Bertaccini A (2016) Characterization of 220 

16SrII group phytoplasmas associated with alfalfa (Medicago sativa) witches’ broom 221 

disease in diverse areas of Iran. J Crop Prot. 5:581-590. 222 

Faghihi M, Taghavi S, Salehi M, Sadeghi M, Samavi S, Siampour M (2014) Characterisation of a 223 

phytoplasma associated with petunia witches’ broom disease in Iran. New Dis Rep. 30:21. 224 

Gundersen DE, Lee IM (1996) Ultrasensitive detection of phytoplasmas by nested-PCR assays using 225 

two universal primer pairs. Phytopath Medit. 35:144-151. 226 

Hemmati C, Nikooei M, Pasalari H (2018) Cota tinctoria and Orosius albicinctus: a new plant host 227 

and potential insect vector of ‘Candidatus Phytoplasma trifolii’. Au Pl Dis Notes 13:13. 228 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

11 
 

Hopkins DL (1977) Diseases caused by leafhopper-borne, rickettsia-like bacteria. Ann Rev 229 

Phytopath. 15:277-294. 230 

Ikten C, Catal M, Yol E, Ustun R, Furat S (2014) Molecular identification, characterization and 231 

transmission of phytoplasmas associated with sesame phyllody in Turkey. Eu J Pl Pathol. 232 

139:217-229. 233 

Lee I-M, Gundersen-Rindal DE, Davis RE, Bartoszyk IM (1998) Revised classification scheme of 234 

phytoplasmas based on RFLP analyses of 16S rRNA and ribosomal protein gene sequences. 235 

Int J Syst Bacteriol. 48:1153-1169. 236 

Omidi MA, Hosseini Pour H, Massumi R, Rahimian H (2010) Investigation on transmittance status 237 

of Orosius albicinctus (Hemiptera: Cicadellidae) as a natural vector of phytoplasmas in 238 

southeastern Iran J Pl Pathol. 1:531-535. 239 

Pakarpour Rayeni F, Seraj AA (2016) Review of the leafhopper genus Neoaliturus Distant 240 

(Hemiptera: Cicadellidae: Deltocephalinae) from Iran. J Insect Biodiv Syst. 2:381-394. 241 

Reineke AP, Karlovsky P, Zebitz W (1998) Preparation and purification of DNA from insects for 242 

AFLP analysis. Insect Mol Biol. 7:95–99. 243 

Salehi E, Salehi M, Taghavi SM, Izadpanah K (2014) A 16SrII-D phytoplasma strain associated 244 

with tomato witches' broom in Bushehr province, Iran J Crop Prot. 3:377-388. 245 

Salehi M., Siampour M, Esmailzadeh Hosseini SA, Bertaccini A (2015) Characterization and vector 246 

identification of phytoplasmas associated with cucumber and squash phyllody in Iran. Bull 247 

Insectol. 68:311-319. 248 

Salehi M, Esmailzadeh Hosseini SA, Salehi E, Bertaccini A (2016a) Occurrence and 249 

characterization of a 16SrII-D subgroup phytoplasma associated with parsley witches’ 250 

broom disease in Iran. J Phytopath. 164:996–1002. 251 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

12 
 

Salehi M, Esmailzadeh Hosseini SA, Rasoolpour R, Salehi E, Bertaccini A (2016) Identification of 252 

a phytoplasma associated with pomegranate little leaf disease in Iran. Crop Prot. 87:50-54. 253 

Schneider B, Seemüller E, Smart CD, Kirkpatrick BC (1995) Phylogenetic classification of plant 254 

pathogenetic mycoplasmalike organisms or phytoplasmas. In: Razin S, Tully JG (Eds), 255 

Molecular and Diagnostic Procedures in Mycoplasmology, Academic Press, San Diego, 256 

California, USA, pp. 369-380. 257 

Shams J, Najafi P, Etemadi N, Shams A (2012) Comparison of morphological and physiological 258 

characteristics of Petunia hybrida cultivars and Petunia violacea. J Food Agr Environ. 259 

10:1028-1029. 260 

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: molecular evolutionary 261 

genetics analysis version 6.0. Mol Biol Evol. 30:2725–2729. 262 

Vasudeva RS, Sahambi HS (1955) Phyllody in sesamum (Sesamum orientale L.). Ind Phytopath. 263 

8:124-129. 264 

White DT, Blackall LL, Scott PT, Walsh KB (1998) Phylogenetic positions of phytoplasmas 265 

associated with dieback, yellow crinkle and mosaic diseases of papaya, and their 266 

proposed inclusion in ‘Candidatus Phytoplasma australiense’ and a new taxon, 267 

‘Candidatus Phytoplasma australasia’. Int J Syst Bacteriol. 48:941-951. 268 

Weintraub PG, Beanland L (2006) Insect vectors of phytoplasmas. Annu Rev Entomol. 59:91-269 

111. 270 

Yadav A, Thorat V, Bhale U, Shouche Y (2015) Association of 16SrII-C and 16SrII-D subgroup 271 

phytoplasma strains with witches’ broom disease of Phenium hysterophorus and insect 272 

vector Orosius albicinctus in India. Au Pl Dis Notes 10:31. 273 

 274 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

13 
 

 275 

Table 1. Location, coordinates, insects and disease incidence of Petunia violacea witches’ 

broom in Bandar Abbas, Iran. 

Location Coordinates Collected 

insectsa 

No. of infected O. 

albicinctus / no. 

of collected O. 

albicinctus 

Disease 

incidence % 

No. of 

symptomatic 

plants /No. of 

plants 

BLVD1 N27º18'44'' 

E56º30'84'' 

1, 2, 3 21/25 17.2 215/1,250 

BLVD2 N27º17'88'' 

E56º28'59'' 

2, 3, 4, 5 15/19 23.2 198/850 

BLVD3 N27º18'89'' 

E56º28'82'' 

1, 2, 5, 6 18/26 20.8 188/900 

a: 1: Coccinellidae; 2: Orosius albicinctus (Cicadellidae); 3: Lygaeidae; 4: Miridae; 5: 

Aphididae; 6: Asymmetrasca decedens (Cicadellidae) 
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Figure 1. Symptoms of witches' broom, little leaf (A), phyllody and virescence (B) in diseased 284 

plants in comparison with healthy Petunia violacea (C). 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 
 

15 
 

Figure 2. Phylogenetic tree of partial 16S rDNA gene sequences from Petunia violacea witches' 301 

broom phytoplasma strains (marked in bold) and selected phytoplasma sequences from GenBank. 302 

GenBank accession numbers are shown in brackets, and 16S ribosomal groups are annotated to 303 

the right. Acholeplasma laidlawii was used as outgroup to root the tree. The analysis involved 19 304 

nucleotides sequences. The bar indicates the number of nucleotides substitution per site. Bootstrap 305 

values are shown at nodes with greater than 50% support. 306 
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Figure 3. Symptoms of Petunia witches' broom in experimentally inoculated plants. (A) Little leaf 311 

and severe witches' broom; (B) yellowing, phyllody and virescence; (C) the vector Orosius 312 

albicinctus; and (D) healthy plants. 313 
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