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Disease incidence and distribution in surveyed fields of yellow shoot/
dieback disease of papaya (Papaya carica L.) caused by Candidatus
Phytoplasma solani
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undnge: WWelnlamarauiduawvglsnsenmies/ninnuaissenveszasnolulsumalnessyldifuie Candidatus
Phytoplasma solani Sddiuianalelnadu 165RNA wilaufuide Ca. Phytoplasma solani A Iuded3oudioudneda
(GenBank accession: AF248959) 99.5% 31NWANNSIATIEH In silico RFLP ‘W“U’nL‘U@i‘V\lIGl‘Wﬁ’lﬂ@JWfﬂmaaiuﬂauaaa 16SrXII-
A dlesnsreouleddnsing Alul Tagl BstUl wae Bfal W‘Ua’l‘EJWMWﬂLEJULEJLLGIﬂGI”Nf\HﬂﬂalJEJEJEJE]u aamaaﬂﬂumifomﬂam
Folaemiaszst phylogenetic tree vasdiuianalelnsduusim 165-235 rRNA wazdu secy mmaa”l,uﬂaummawna
Ca. Phytoplasma solani é1533lunzazne o1gussua 1 U 91uu 2 wdas Tu ginemunaday Janinuasugy 9iamau
138, D4 N.8. WA, 2563 ﬁgaaaaLLUaQW‘Ué’ﬁuﬁ'msLﬁﬂiﬁﬂLLavé’mwmimEJmsf[:uLL‘LJaaLﬁmﬁ’uﬁmLﬁuﬁuaéwqﬁﬁaﬁﬁmmqaﬁa
(P < 0.01) HlodmszrimanuulsunusaziUiouifisuanade Tng3s Tukey’s Honestly Significant Different (HSD) lngfn
Fiinnsiinlsn Wou wLy. 89 n.e. we. 2563 ulasil 1 fe 27.64, 30.65, 31.16, 38.57, 41.46 uaz 48.74 MUY ulasd 2
A 13.23, 14.29, 15.21, 18.52, 19.58 w8y 23.81 fIUa1AU 8MIINITAY LL‘UEN‘V] 1 fe 2.51, 5,53, 26.13, 29.15, 30.15 way
31.16 mud1eU wlasii 2 Ao 0.00, 1.59, 12.70, 14.82, 14.82 uaz 17.99 AUAIHU

Addey: Trllananawn; ugazne; seywile; Avlinnsiinlse; n1snsalse

ABSTRACT: Phytoplasma, the pathogen of yellow shoot/ dieback disease of papaya in Thailand was idientified as
Candidatus Phytoplasma solani which showed similarity of 16SrRNA gene sequnce to Ca. Phytoplasma solani
reference strain (GenBank accession: AF248959) 99.5%. Results of in silico RFLP analysis showed that phytoplasma
was classified into subgroup 16SrXII-A. Restriction fractments of Alul, Tagl, BstUl, and Bfal showed distinct finger
printings from other subgroups. Classification by phylogenetic tree analysis of 165-23S rRNA gene and secY gene
sequences which classified into that same group with Ca. Phytoplasma solani. Papaya plants about 1 year old
were serveyed in two different fields from April to September, 2020 in Khamphaeng Saen district, Nakhon Pathom
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province. Disease indexs and mortalrity rates within the same field were significantly increased (P < 0.01) in both
fields when analysis of variances and comparison of means were peformed by Tukey’s Honestly Significant
Different (HSD) test. Disease indexs in filed 1 from April to September, 2020 were 27.64, 30.65, 31.1, 38.57, 41.46
and 48.74, respectively, and in field 2 were 13.23, 14.29, 15.21, 18.52, 19.58 and 23.81, respectively. Mortality rates
in field 1 were 2.51, 5.53, 26.13, 29.15, 30.15 and 31.16 respectively and in field 2 were 0.00, 1.59, 12.70, 14.82,
14.82 and 17.99, respectively.

Keywords: Phytoplasma; papaya; identify; disease index; detection

umin

frwnumanudelnlamwaraufidvhasuraznelunasysuina wu Tuluiiugnuzasnevesssmeooanaide
wulsafidndy 3 Tsm léiud Papaya diseback, Papaya yellow crinkle uag Papaya mosaic #anusiaauainudemelutai
JHUIATULIIRAUS 10-100% (AnM3, 2552; Gibb et al, 1998) finsdaduunidolnlnnarauiinelfiislsadenanlag
wWigueuanuiiinalelnadu 16SrRNA wagduusiau ITS iudauSsuiisuarefuindueneds Restriction Fragment
Length Polymorphism (RFLP) wuindedneglunguideniulilananamniineliianlsamdomwetedu drinaglunguieni
15AWapIvadLadLnes (Gibb et al., 1998) ﬁswm’ml,%ammaiimaqmasﬂaﬁ'LLammmﬂ%ﬂ‘w%amamﬂﬂmaaamﬁé’ﬁu
fandlelnadu 165RNA mileufuide Ca. Phytoplasma australiense 99.7% (White et al., 1998) wunsiinlsaves
uzarnefiien15mades (papaya yellows) fiinarnidelwianaraulunaunianarsvesldntu ﬁmmamm%a Ca.
Phytoplasma solani ndueiae 16SrXIl-A Tngnunisiinlsa 30-35% Tuunsyisesgauan sevined a.m. 2006-2010 (Bau et
al, 2011) finssuunidellamwaramanglsavesuzasnevhlmAnoinislumdes vaslusiuse Udesdu sonunnidusa
gongauineINTstull T waziine1nisindainUatseenlnemsinsgainuiianalelnavedu 16SiRNA wagls RFLP
wuddedneglundusen 165rXIE Tuvmsiivaeussmaneaulindollamaauniidvhansuzazne dneglungs 1651,
1651, 165rX, 165rXl, 165rXVIl (Melo et al,, 2013) firuanuszmelnedslinussnunisssuinvedlsafiinainlnla
wanaunlunzazne wuiesludos dudzuds $11 1 dle Weenliiusedu @nms, 2552) ilesandsemelneiinisdgn
ugaznanseeluimnafiniavesssme waranmwindomseromaialan inwmsnsiugnuzasnenuliymveseniseen
waesaziaLneNsTuLIuauiionseenlnd deiliuravnofufuneetvnnialuiian fuideldnsanudelils
wanawnlunzaznefiuantonisienariduadusnlulsemalne sdeinisdug fedwernsiiaanilanaran @ws
uarANY, 2564) mu’“ﬁaﬂ%ﬁ‘ﬁﬁaﬁwmsmsmizqﬁuﬁmLLaz%’mﬂfjw?jyammaIsﬂ Usziliufnnunisiinlsnkazn1snseanevadlse
Tuudasgnuzaznewuseoauaud Aimadwinansveadolilmatau awmlsasonmdoy IndainUaissenvowmsasne
WieUspifiuanugunss dnandunuduinisfnlsauazdnsnismevesfuzazne Ssagansonsuunliivesnssyun

warUsedlumnudemenanaiadule

AsmsAnEn
nsasravelnlanardundiewaiin Nested Polymerase Chain Reaction (Nested PCR)

[ '3

et uzazneegUszunm 1 Y %aaaﬂuiwzﬁﬁw DONNA ﬁLLammmaaammﬁaﬂuwamqnmazﬂaﬁuq
goauaud sunafwnauay Jwmiauasusy Tudiufou w.e. i3 n.g. WA, 2563 WUIRIDE19ANUTEAUAIINTURTIVOIBINTT
gondu 5 szau 210 0 89 4 TouA seéu 0 lluansennis seau 1 uansernsiudesdiven 1-25% s2iv 2 wanweINISWEe
8OR 26-50% SZHU 3 LANIEINISNEDTiBEn 51-75% wazseau 4 Lanie1nsiudesiiven 76% feuduny ey
uzarnousmondunaslunasdelilauszann 0.1 n. thutualululasiumailagldingeuafegrsaufunazidon uan
Yunatnsluindmduelneinuyasnis CTAB (Sambrook et al, 1989) antiuisnsadolnlanatanidieis Nested

PCR Iael% universal primers @1usunsiadelnlanataun lunisviufisenlusevusnldglnsiwes Pl 5-
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AAGAGTTTGATCCTGGCTCAGGATT-3’/ P7: 5’-CGTCCTTCATCGGCTCTT-3" @ 14 6 1 ® Q Iwsiues RI6F2n: 5'-
GAAACGACTGCTAAGACTGG-3"/ R16R2: 5'-TGACGGGCGGTGTGTACAAACCCCG-3’ luntsvufAsenlusouiians
(Christensen et al, 2013) lnedifidueivnsawiaUszain 1.8 kb way 1.2 kb sudsu Tisegadeeiilulsaluyd
Aaanlwlawaraudu positive control 14 dH,0 wazdegramzaznofimzanudalasugnlilulsadeusuunaniy
negative control 1%E;m1ﬁﬂ“ﬁ1ueﬁgumu annealing ﬁqmugﬁ 61°C waz 58°C muadu ldyauijisen KOD FX Neo (Toyobo,
Japan) Tuufiizensin 0.02 wa. Usznausie 2x PCR buffer U3u19s 0.01 ua. 25mM dNTPs (Toyobo, Japan) U3u1ns 0.04
ua. lufindndute Usuims 0.5 lulasans 20mM P1 (forward primer) ag 20mM P7 (reverse primer) Usu1nsaeeag
0.5 lulasdns 4 unit/ul KOD FX Neo (DNA polymerase) Usu1as 0.4 Tulasans dH,0 Usuas 0.041 ua. duasigiuaun
LSuLaéham%‘laal,ﬁw%mmmsﬁuﬁqﬂiiu T-Professional (Thermocycler, Germany) a]1ﬂfumiaﬁ]aaumaﬁuaaﬂﬁﬁ%mﬁwﬁ%
gel electrophoresis Ul 1.0 % agarose gel lu 0.5X TBE buffer lrinszualniiriiranusiadng 100 Taad uiu 45 wid a9

wauALd U YO INaIINUHATEN

159As1ERaaUiIAATa INABUUIIIN 165-23S rRNA wazdiu secY

manuiiadlolndielnlanatau 1ng3s Direct sequencing vimsiiinuSunadidwelaeldelnswes p1/pP7

a

(Christensen et al., 2013) uagflnsiues PosecF1/ PosecR1 (Fialova et al., 2009) WoinUSunaisueiuusion 165-

o ¥ a o«

235 rRNA Wwagdu secy nuddy wédsliusm Solgent Usemeainvald iielinseidduiinadlelng anduiirdoye
grsudandlolnaun edit uag align Taelalusunsu Molecular Evolutionary Genetics Analysis version 6.0 (MEGA 6.0) ¥in
mMsiaTgRateusiaduledlemaila in silico RFLP vasdu 16SrRNA lngldlusunsu iPhyClassifier (Zhao et. al., 2009)
o uunsiauardnnguilio waziints Blast wWisuifivuduinadlelndBuuiing 165235 RNA wazdu secy Tugrudeya
GenBank, National Center for Biotechnology Information (NCBI) LLa”aﬂﬁaagaﬁﬂﬁuﬁaﬂﬁialwﬁmaqL%aIWImwawauwmaaﬁgq

d03duNgUToyauINNTIATIZY phylogenetic tree Tneldlusunsy MEGA 6.0

nsUszdiunsialsanasmasuinisialsavaamaey ndanUaiseanvasuzazne
vinsusziuauuusavedlsafiinanlilawaraunlungaznefiussoauaud e1guszuna 1 7 ludune
funsuau Toniauasdgy nniieun oz 1 A%y iluszeriaan 6 ey daudifew w.e. 89 ne. wea. 2563 Tnsutsszduana
suussvesenislsaseniu 5 sedu 910 0 fa 4 Fefinanlutredu Tnedrmadiman 2 wuas wasit 1 S91uau 199 du uay
wUasdl 2 f5uau 189 fu drmnuuudeatuses Tu 1 Josasdgnuzasnaifuuogsiuiu 1215 fu/unr Mndurinanis
Ussidiuanuguusandnanduinisiielse (Disease index) mu3zues McMaugh (2005) Anvdu % lngldgns dudinisiin
T3n (Disease index) = [OxAM(1xB)}+(2xC)+(3xD)+@xE)] x100 AR uaufurianun x Arseduarusuusiveslsaiiiusefu
gean) ilo A B, C,Duag E wnusIusuRtazuuunsinlsaly 0, 1,2, 348 4 Aua1eu LazUsziluansnnisnie
(Death 3@ Mortality rate) Anvlu % laeldgns dn3n1smie (Mortality rate) = Sruudufionslugarmdediane x 100 /
Srunuduiammaiidne wdnihdeyaduinisifnlsauassnsnismenuununisaassuuy Completely Randomized
design (CRD) 11dpsesimanuuUsusiusaziUiouidisuaade 1neds Tukey’s Honestly Significant Different (HSD) 71
sefunILTeiil 99% felusunsu R TafvhusuiinisiAslsaveusazuasiiednyinisuninssnnevedsaneluutadly

LeaTLAaU
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nan1sANEILaLIATal
nansraidelnlananaudewadia Nested PCR
mam‘amaﬁ]L%@T,W‘[.mwa’lau'ﬂ,uGi'hashﬂ:uusagﬂamﬂé{uﬁejummaﬁfaLLami::é’ummwmaﬁum‘[ﬁﬂmﬁuﬁa 5
s¥AU $1UIU 3 FuslesEdiuANTULSS 270 0 F 4 (Figure 1) TuujiSe1seuiianswas Nested PCR nukaufidutevuin
Uszanal 1.2 kb Tunndegiaiitinnmngan Téun #eg1s 14-70), 15-13 (0) uag 5-10 (0) lsiuansernis deens 4-18 (1),
8-2 (1) waz 5-7 (1) Muanio1n15326U 1 59879 4-10 (2), 1-6 (2) waz 3-3 (2) Muane1n1538iu 2 fegns 7-4 (3), 7-20 (3)
waz 13-16 (3) LAAI0INITILAU 3 Fog1 9-10 (4), 5-2 (4) uay 7-7 (4) fuante1nssesu 4 WwuReatusegeiladu
positive control laun lulanwataunanvslsalunzagne (TH-NKT015 accession no. MW533147) waglnlanatauilsaly
y1dey (SCWL2) Fuasfinisiudunisasianuidelilananauniuuds uwinsalinusauiiduelufogailéidu negative

control fie UUauazizazneUasnalsanugnlulsuseu (Figure 2)

nsiAszAaInulianalanaguusian 165-235 rRNA wazdiu secY

avianeasuinalolndueaielelsan TH5-2 wavduiulilugiudeya GanBank, NCBI lnadrduilandlelng
BuUsiIad 165-235 rRNA 9u1n 1,680 bp Inetiiat accession: MT548611 uagdu secY vua 1,052 bp laeiliay accession:
MWa64324 iflosuunaiinuasdanduidentoyadduiandlelndfuuiion 165235 RNA Tagldlusunsy iPhyClassifier
wuindelnlanataun leluian TH5-2 (GenBank accession: MT548611) S1uunléiiuide Ca. Phytoplasma solani na
808 16SrXII-A Imaﬁmmma”wmﬁwﬁa Ca. Phytoplasma solani vdu reference strain (GenBank accession: AF248959)
99.5% wuiAmtudelnlanaaniinelmAnonislumiestu meanassenvesuzazne fnumemululduiy fseydu
L%@ Ca. Phytoplasma solani ﬂdmﬂaﬁ 16SrXII-A sﬁﬂmﬁam%a reference strain (GenBank accession: AF248959) 99.6%
(Bau et al, 2011) HANISIATIERAURUNALBUBKUY In silico RFLP Lﬂ%'wLﬁauﬁm%alw‘lmwmauﬂuﬂa;u 16SrXIl wuand
mefitisuemiioudolunguden 165xI-A Tasanunsnsuundeusneeniinnguedesduls Wedadeioulesidadumne
Alul Tagl BstUl uag Bfal (Figure 3) Haa1nn153tAS1E9 phylogenetic tree vasanuiinndlelnaduusiam 165-23S rRNA
(Figure 4a) uazfududodsuianalolndvesiu secy (Figure 4b) wuin WWelnlanaraulelsan TH5-2 dnoglungu
{Aenffuide Ca. Phytoplasma solani 1uffu Ssilsreuibu secy aunsalfiiuniosmneluanalunisdnsuunnguues

dolnlanaraunfidnnuduiusinddaduldanindu 16SrRNA (Lee et al., 2010)

nsusziliunsifalsanaznanviinisiialsaeenamasy/ ludanUategenvesuzazne

ATRRanuNsiAnlsAvenwiey ndanndatesenvesuzasnaluudaslgn 91uau 2 wias Ty dunemunawau
Jrinuasugy rieud oz 1 ade Dusseziom 6 ou dusiiou we. auf ne. wa. 2563 Falltaosgamndsngauay
qqqﬂiusaui’ma?{aiw’jfm 24.77 - 37.72 °C (Figure 5¢) wui1awiin1siinlsa (Figure 5a) wazdns1n1sne (Figure 5b)
vengodasdiunliuniuiy Tnedutuodedioddaluion fle. wasduldluumadofuiuadudusing (Figure
5d) Tnefiwvasil 1 fanunninutasi 2 Tnenuin erdednisialse Anduesidud wlasd 1 lu Wou w.e. 89 ne. fe
27.64, 30.65, 31.16, 38.57, 41.46 Lag 48.74 @1Ua1A U LL‘UEN‘I?]I 2 A 13.23, 14.29, 15.21, 18.52, 19.58 uay 23.81
AUEIU dru Wesiiusensinisme ulasdl 1 fe 2,51, 5.53, 26.13, 29.15, 30.15 uag 31.16 Auasu ulasd 2 Ae 0.00,
1.59, 12.70b, 14.82, 14.82 uway 17.99 AUaIFU 910A1SAAAINAITUNINTE18TBeNSRTsANUIIdeUasdings
LLW'ﬁ'ﬂizmleﬂéTQﬁwﬁNLﬁENLLazﬁszﬁummquLmLﬁusﬁunﬂS] \Wou (Figure 6) IWlanan@uaunsalnsSsUInETULLIAINUY
FwInuuaslInge dewniaeudadiifinsldasiaiifdouuadoadunamifinnsunsnsraevedsaneluuda
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welannsomuaslsaillfodhaduszuuuasivszansnm mavaassadifihnsdmaluszesnmaasgivlaiones
uzagne Ao o1gUsvana 1 T Geidseanua leuzaznefiadeuarornsimuiguussluauduiuneviliiinanssnuse
HANANTALIU Lwiﬁgqﬁ‘lumimaamﬁm‘ﬁm@Nuwuﬁfgwnfwiwé’fuim:um1&Jﬁgmumv‘fﬂﬁamwmammumil,ﬁmiiﬂlélﬁm 6
Fou waitaunsavilivsuuunliumsszuiaiassanssnuannaanlsaild egrdlsfinunisiinsfnyinisszuavedse
Tursnsasqivinvemraznelussuzengg LLazﬁﬂmammmmsismmlﬁmauﬂqmaamﬁy’ﬂ nmsneaesinuluwlas
fnunisinlsngunseidviinisifnlsngefis 48.74% wazfidnsnisniogeiis 31.16% ddlndiAssfuiifsoanululiviud
enuimunsiinlsaluuagiesguan sewind a.a. 2006-2010 tagnunisiialsa 30-35% (Bau et al., 2011) dulu
poawsdonulsavasraznefifnnlilananayilfAnaundemeszuing 10 - 100% ulfsfuderuaralddtsiney
Tunguielnlamanauniduavalsaimdodunoanes (Gibb et al, 1998) uagwuilio Ca. Phytoplasma australiense 7k

Mansuraynawuny (White et al., 1998)

Figure 1 Severity levels of yellow shoot/ dieback disease of papaya from 0 to 4 scores; (a) score 0 =

asymptomatic plant, (b) score 1 = 1-25% yellow leaves, (c) score 2 = 26-50% yellow and necrosis leaves,
(d) score 3 = 51-75% yellow and necrosis leaves, (e) and (f) score 4 = 76% yellow and necrosis leaves to

death, respectively
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1.2kb
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1kb

ev ey - " euw T W Ww

Figure 2 Gel electrophoresis of 16SrDNA amplicons, Nested PCR using R16F2n/R16R2 primers: Marker = 1 kb DNA
ladder, 0.5 pg/ul, 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-NKTO015 (positive control); 14-7(0), 15-13 (0) and 5-10 (0) =
asymptomatic leaves; 4-18 (1), 8-2 (1) and 5-7 (1) = 1-25% yellow leaves; 4-10 (2), 1-6 (2) and 3-3 (2) = 26-
50% yellow and necrosis leaves; 7-4 (3), 7-20 (3) and 13-16 (3) =51-75% yellow and necrosis leaves; 9-10
(4), 5-2 (4) and 7-7 (4) = 76% yellow and necrosis leaves to death
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Figure 3 The virtual RFLP patterns were derived from the query 16SrDNA fragment of the TH5-2 isolate (GenBank
accession: MT548611) compared to reference strains in 16Sr group Xll: (a.) Restriction pattern of Alul
showed the TH5-2 isolate was similar to subgroup A, E, F and N; (b.) Tagl, (c.) BstUl, and (d.) Bfal restriction
patterns showed the TH5-2 isolate was different from subgroup E, F and N, respectively. The most similar
is the reference pattern of the 16Sr group XlI, subgroup A (GenBank accession: AF248959), with a similarity
coefficient of 0.97
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a.
95 ,—L MT548611 TH5-2* Papaya yellow shoot 165-23S rRNA
a9 L KT34454317-1686 Ca Phytoplasma solani 165-235 rRNA
96 EU836652.1 Phytoplasma sp. BN-Op30 16S rRNA
{ FJ409898.1 Phytoplasma sp. BN-Ma198 165 rRNA
95 JNB33705.1 Ca. Phytoplasma convolvuli 165-23S rRNA
JF508515.1 Sesame phyllody 165 rRNA
99 KF908793.1:57-1763 Sugarcane green grassy shoot TH-163 235 rRNA
% { AB052874 1:56-1520 Sugarcane whiteleaf phytoplasma TH 16S rRNA
99 EU125184.1 Pepper witches-broom 168 rRNA
NRO74448 2 Acholeplasma laidlawii 165 iRNA

b. 93 —‘ MW 464324 TH5-2* Papaya yellow shoot SecY

100 KX665881.1:349-1400 Ca. Phytoplasma solani SecY
492: GUO04355.1:375-1426 Stolbur phytoplasma

JAT97669.1:94-1145 Phytoplasma sp. BN-Fc6 SecY

GU3908584.1 Chinaberry witches-broom phytoplasma SecY

66 m GU228516.1 Onion proliferation phytoplasma SecY
KF573440.1 Lettuce yellows phytoplasma SecY
MNB32589 1 Marigald phyllody phytoplasma SecY

JNOTT052.1 Sesame phyllody phytoplasma Thailand 165r-SecY
GQ3IT5571.1 Periwinkle leaf yellowing SecY

94

,7DO49?231_1 Aster yellows phytoplasma SecY
99 L MGe580022.2 Blueberry stunt phytoplasma SecY

Figure 4 The UPGMA phylogenetic trees were constructed using MEGA 6.0, bootstrap 1,000 replicates of 165-23S
rRNA gene sequences and secY gene sequences of the TH5-2* isolate compared to sequences from
GenBank, NCBI: (a.) 165-23S rRNA gene sequences of TH5-2* isolate compared to eight phytoplasma
reference strains and Acholeplasma morum as outgroup strain, (b.) secY gene sequences of TH5-2* isolate

compared to eleven phytoplasma reference strains
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Figure 5 Incidence of yellow shoot/ dieback disease of papaya in two different fields in Nakhon Pathom province
since April to September, 2020:

(a.) disease indexs and (b.) percentage of mortality rates, mean values within the same field followed by

the same letter are not significantly different according to the Tukey’ s HSD test (P < 0.01), (c.) means of
high-low temperatures and (d.) %humidity (P < 0.01)
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Disease severity levels:

0 asymptomatic 1 1-25% shoot yellow 2 26-50% shoot yellow = 3 51-55% shoot yellow .>75% shoot yellow -death X no plant
Figure 6 Occurrence and distribution of yellow shoot/ dieback disease of papaya in two different fields, plot A and
B in Nakhon Pathom province since April to September, 2020
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