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Candidatus phytoplasma solani associated with papaya phytoplasma
disease in Thailand
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ABSTRACT: Papaya disease caused by phytoplasma has been found severely epidemic in several countries for
decades. The disease symptoms include yellows, dieback and mosaic types are similarly seen but has never been
reported in Thailand. This is the first report of diseased papaya arisen by Candidatus Phytoplasma solani in
Thailand. Detection of phytoplasma in symptomatic papayas by Nested Polymerase Chain Reaction (Nested PCR)
using P1/P7 and R16F2n/R16R2 to amplify 16S5r RNA gene. Results showed positive in different six symptoms
including; 1) yellow necrosis, 2) bunchy top-like, 3) yellow crinkle, 4) green vain, 5) yellow shoot, and 6) crinkle &
mosaic/ mottle. The pleomorphic cells of phytoplasma in sieve cells of Nested PCR positive papaya samples were
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clearly visualized using transmission electron microscopy. Nucleotides of phytoplasma six isolates were sequenced
and submitted as accession no. MT548611, MT548613, MT548614, MW464326, MW464330 and MW533147 in
GenBank, NCBI database. Phylogenetic tree analysis of nucleotide sequences was analyzed to compared with 17
papaya phytoplasma sequences that found in foreign countries from GenBank database. Results showed that
MT548614, MW464326 and MW464330 were clusterd in the same subgroup with Ca. Phytoplasma solani, of
papaya in Taiwan due to their 100% similarity by pairwise distance analysis, while MT548611, MT548613 and
MW533147 were clusterd in different subgroup. A close relation among these six isolates was also shown to be
99.86 — 100 % by similarity comparison.
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ouungfl 61 peAnwalod 1981 1 Ul extension figuugf 72 osAwaidea 11a1 1 ulft uaztunougatinefe final
extension Tigaumigfl 72 aseuwaidia 1an 10 wifl induthAduedldanuffieluseunsnunidens 10 wh wihuvh
UjAzeseluseuiiaeaifiedunsnzidu 165 rRNA fglnsiued R16F2n: 5'-GAAACGACTGCTAAGACTGG-3"/ R16R2: 5’

= aa

TGACGGGCGGTGTGTACAAACCCCG-3’ (Christensen et al, 2013) fefiidutordimunevuinyszana 1.2 kb lagldgumad

v

wazantumsvihuisendudesduluseuusn uddsiigamgilutuneu annealing Ngaungil 58 ssriwaldoa 310y



ununwms 49 atiufl 5: 1249-1258 (2564)./doi:10.14456/kaj.2021.00. 1252

ATINADUNATDIUFA3E186 gel electrophoresis Ut 1.0% agarose gel Tu 0.5X TBE buffer lsinseualvifihfinusinsdni

100 1aad uw 45 Wil anakauRuevemaInUfizemsluseuwsnuar seuiaeuazduiinug
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WouazSoulgniivnaans, uniinerdeinuasaans Ineuasdunauan) ntuildeagiendesganssmisidnnsou
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frethdlunzasne Tolewan NKTO15 fidua Nested PCR uuin uildwulushethdluuzaznound (C1) filivansarnislsa
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(Figure 3)
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MadUTnaTolna gy 165 IRNA 90980 Ny $1u2u 6 lolaian Léwa TH5-2, TH9-11, TH-NKT-P26, TH7-2,
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MT548611, MT548613, MT548614, MWA64326, MW464330 Laz MW533147 910HANI5ILASIZY Phylogeneric tree
(Figure 4) ua Pairwise distance (Figure 5) isufudelnlnnanaunidvhansuravnelusassinauasidollnwatasn
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Mansurayneluldniu (AJ919994.2) uaziimalnunilou (%similarity) 100% d@2ulalaian TH5-2, THO-11 way
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WAl UN006079.1) 97.02-97.28% HirAnuwmaurulnlanaaunluiides (FM208257.1) 96.82-97.02%
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Figure 1 Symptomatic papaya plants which infected by phytoplasma compared to heathy plants; (a) yellow
necrosis, (b) bunchy top-like, shortening of internodes, (c) excessive proliferation of axiliary shoots, (d)
green vain, (e) yellow shoot, (f) crinkle & mosaic/ mottle, (g) healthy plant in open field, h) healthy plant

in screenhouse
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Figure 2 Nested PCR by using phytoplasma universal primers, (a) P1/P7 and (b) R16F2n/R16R2: Marker = 1 kb DNA

ladder, 0.5 pg/pl, ExcelBandTM (SMOBio, Taiwan); dH, O = negative control; Healthy (N1) =
asymptomatic papaya from orchard; Healthy (C1) = asymptomatic papaya in screenhouse; SCWL2 =
sugarcane white leaf phytoplasma (positive control); TH-NKT015 and TH5-5 (yellow necrosis), TH3-2 and
TH5-2 (yellow crinkle), TH4-4 and TH7-2 (bunchy top-like), TH1-4 and TH9-11 (green vein), TH-NKT-P26
and TH-NKT-PK2 (yellow shoot), TH-NKT-P18 and TH-NKT-PK21 (crinkle & mosaic/ mottle)
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Figure 3 Electrorn micrograph of sieve cells of phytoplasma infected papaya compared to healthy plant; (a)
phytoplasma infected papaya isolate TH-NKTO015 (yellow necrosis). Black arrows indicated pleomorphic
cells of phytoplasma within sieve cell of infected papaya, bar = 2 um and (b) healthy papaya cells, bar

=5 um (Se = sieve cell, Pl = plasmodesmata, Ch = chloroplast, Cw = cell wall)

MT548614 yellow shoot (TH-NKT-P26)*
100| AJ919994.2 papaya phytoplasma TW
MW464326 bucnchy top-like (TH7-2)*

MW464330 crinkle and mosaic (TH-NKT-PK21)*
FJ943262.1 Candidatus Phytoplasma australiense NZ
Y10095.1 papaya dieback disease AU

78| | MT548611 yellow crinkle (TH5-2)*

99 MT548613 green vein (TH9-11)*

JQ792171.1 papaya apical curl necrosis Brazil
MW533147 yellow necrosis (TH-NKT015)*
L———— HM449951.1 papaya dieback phytoplasma India

59 52 FM208257.1 sugarcane white leaf TH
100

99

KF908793.1 sugarcane green grassy shoot TH
D12581.2 Candidatus Phytoplasma oryzae
JQ346525.1 papaya axillary shoot proliferation India
KX810335.1 Candidatus Phytoplasma brasiliense Peru
EU350566.2 papaya phytoplasma Cuba

FJ649199.1 Empoasca papaya phytoplasma Oman

100

Y10096.1 papaya mosaic disease AU
g4l 'Y10097.1 papaya yellow crinkle disease AU
DQ868531.2 papaya bunchy top-like phytoplasma Cuba
100 |_| LN897456.1 cassava witches-broom Ry1 TH
1 JN006079.1 Candidatus Phytoplasma aurantifolia sesame TH
AY538168.1 Acholeplasma morum 16S ribosomal RNA

96
99 ||
8

1
99
99
I_
00

15 10 3 do
Figure 4 A constructed phylogenetic tree with UPGMA of 16S rDNA sequences of six phytoplasma isolates that

infected papaya in Thailand (stars) in comparison to seventeen reference phytoplasma strains from
GenBank, NCBI using Acholeplasma morum as an outgroup strain. A bootstrap analysis was performed

with 1,000 replicates with MEGA 6.0 software
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
1. MT548611_yellow_crinkle_(TH5-2)*
2. MT548613_green_vein_(THS-11)* 100.00
3. MT548614_yellow_shoot_(TH-NKT-P26)* 99.97 99.97
4. MW464326_bucnchy_top-like_(TH7-2)* 99.97 99.97 100.00
5. MW464330_crinkle_and_mosaic_(TH-NKT-PK21)* 99.97 99.97 100.00 100.00
6. MW533147_yellow_necrosis_(TH-NKT015)* 9989 9989 99.86 99.86 99.86
7.AJ919994.2_papaya_phytoplasma_TW 99.97 99.97 100.00 100.00 100.00 99.86
8. FJ943262.1_Ca._Phytoplasma_australiense_NZ 9995 9995 99.98 9998 99.98 99.84 99.98
9. Y10095.1_papaya_dieback_disease AU 99.95 99.95 9998 9998 9998 99.84 99.98 100.00
10. Y10096.1_papaya_mosaic_disease AU 9845 9845 9843 9843 9843 9853 9843 98.46 98.46
11.Y10097.1_papaya_yellow_crinkle_disease_AU 9845 9845 0843 09843 9843/ 9853 98.43 98.46 98.46 100.00
12. HM449951.1_papaya_dieback_phytoplasma_India 99.50 99.50 9949 9949 9949 9947 9949 9950 99.50 98.57 98.57
13. JQ346525.1_papaya_axillary_shoot_proliferation_India = 98.53 98.53 98.51 98.51 9851 98.53 9851 98.53 98.53 99.90 99.90 98.86
14. JQ792171.1_papaya_apical_curl_necrosis_Brazil 99.88 09.88 99.87 99.87 99.87 99.81 99.87 99.88 99.88 98.50 98.50 99.46 98.45
15. DQ868531.2_papaya_bunchy_top-like_Cuba 98.37 9837 9830 9830 98.30 9825 9830 98.33 98.33 98.86 98.86 99.41 99.16 98.22
16. EU350566.2_papaya_phytoplasma_Cuba 9845 0845 9843 9843 9843 9853 9843 98.46 98.46 100.00 100.00 98.55 99.89 98.50 98.88
17. FJ649199.1_Empoasca_papaya_phytoplasma_Oman 9844 9844 09841 9841 9841/ 9851 9841 9844 98.44 100.00 100.00 98.54 99.90 9848 98.88 99.99
18. KX810335.1_Ca._Phytoplasma_brasiliense_Peru 98.68 0858 98.53 98.53 98.53 9857 9853 98.55 98.55 99.88 99.88 98.86 99.94 98.47 99.08 99.88 99.88
19. FM208257.1_sugarcane_white_leaf_TH 96.85 096.85 96.82 96.82 96.8209A02 96.82 96.79 96.79 99.74 99.74 97.19 99.61 96.86 97.64 99.74 99.74 99.60
20. KF908793.1_sugarcane_green_grassy_shoot_TH 96.72 96,72 96.70 96.70 96.7009688 96.70 96.67 96.67 99.74 99.74 97.18 99.61 96.73 97.77 99.74 99.74 99.60 99.99
21.D12581.2_Ca._Phytoplasma_oryzae 96.77 9677 9675 96.75 96.75086:88 96.75 96.72 96.72 99.74 99.74 97.10 99.60 96.79 97.63 99.73 99.74 99.60 99.99 99.99
22 LN .1_cassava_y _Ry1_TH 9728 NO728 97.06 97.06 97.06 97.02 97.06 97.03 97.03 97.01 97.01 99.23 98.36 96.86 99.78 97.12 97.06 98.25 96.97 97.10 96.95
23.UN006079.1-Ca:" Phytoplasma aurantifolia_sesame TH | 97.28 0728 97.06 97.06 97.06 97.02 97.06 97.03 97.03 97.01 97.01 99.23 98.36 96.86 99.78 97.12 97.06 9825 96.97 97.10 96.95 100.00
24.AY538168.1_A._morum_16S_ribosomal_RNA 95.95 9595 96.80 96.80 9680 96.66 96.80 96.91 96.91 96.95 96.95 96.69 97.00 96.76 96.96 96.86 96.99 96.84 97.01 97.06 97.11 97.08 97.08

Figure 5 Similarity percentage matrix of six phytoplasma isolates (stars) which infected papaya in Thailand
compared to seventeen phytoplasma reference strains and A. morum. Pairwise distance analysis was

calculated by MEGA 6.0 software
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