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Molecular Characterization of Phytoplasma Associated with Witches’ Broom Disease

- Emerging Disease of Cassava in Thailand
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Abstract

The total of 238 cassava samples showing symptoms of witches’ broom, yellow and small
leaves, lateral shoot stunt and dwarf were collected from 9 provinces in Northeastern and Central
Thailand. Disease symptoms were investigated for the causal agent of witches’ broom disease in
cassava leaf by electron microscopy. Phytoplasmas were observed in the phloem of infected cassava
isolate CPCS4-1. All of the collected cassava samples were determined by nested PCR technique
with 16S rRNA gene specific primers, P1A/P7A, R16F2n/R16R2 and R16 (I)-F1/ R16 (I)-R1. DNA
fragments around 1,100 bp in size were obtained from the extracted DNAs of 174 cassava samples.
The DNA fragments of 39 isolates of cassava witches’ broom phytoplasma were sequenced and
further analyzed for the relationship compared with the referenced phytoplasma strains (16Srl-16SrXV
groups) from the GenBank Database. Results indicated that phytoplasma sequences of DNA
fragments associated with cassava witches’ broom symptom in the main planting areas of Thailand
were closely related to phytoplasma CW-VN strain from Viet Nam and arranged in 16Srl group of
phytoplasma (Candidatus Phytoplasma asteris) with 98.0-100.0% similarity. This is the first report

confirming the phytoplasma associated with cassava witches’ broom disease in Thailand.
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1#N08N91NG20819 (dehydration) ¥28N15LT
d0819lu ethanol aNNTY 30, 50, 80, 90
LA 100% ANNULTNTWAZ 10 W7 a1us1aU
niuugaeg1li 100% ethanol Haw n-butyl
glycidyl ether (QY-1) 2@31 1:1 W% 30 Yty
wazli QY-1 ¥ 30 wH wadsug e QY-1
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wtlu Spurr's resin 2 @319 8z 1 Talug au
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ARATLENLEIINT NIz Wa IR uaa
s yvasliauaziniznasdnd laeis CTAB
(Namba et al., 1993) shaiSwafianalaufiy
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Ilwawas 3 ¢ leun gj‘*?‘i 1 P1A/P7A (5-ACG
CTG GCG GCG CGC CTA ATA C-3/5- CCT
TCA TCG GCT CTT AGT GC -3’) (Lee et al.,
2004), il 2 R16F2n/ R16R2 (5- GAA ACG
ACT GCT AAG ACT GG -3/5- TGA CGG
GCG GTG TGT ACA AAC CCC G -3’) (Lee et
al, 1993; Gundersen and Lee, 1996) Lax @j‘ﬁ 3
R16(I)-F / R16(1)}-R (5- TAA AAG ACC TAG
CAA TAG G -3/5°- CAA TCC GAA CTG AGA

CTG T -3) (Lee et al., 1994) ATANUFIWE
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PCR 13unaimin 25 lulasdas dseneudis
10X Dream Tag buffer 2.5 lula3ans
(Fermentas, Ontario, Canada) 25 mM MgCl, 2
lulasdas 10 mM dNTP 2 lulasdas Twswes
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lulasa@s Dream Taqg DNA polymerase (0.1
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lulasdas wasAiduwaduuuy (10 ng/pul) 1 lu-
las5a3 lagldiaSas DNA thermal cycler (MJ
Research-PT100) U jAiTu1891a31zWaLduta
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lusaugarhe 10 wifl shwdadi PCR - fild
& 1A a a A<

mnmiltinaueigh 1 vuAndSanadiduwe
lavlglwsuasgn 2 (nested PCR) daoufisen
wwidadunisldiwswesguan dnladm
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Taanduuazasdanzianauiinilelng lagld
QlAquick Gel Extraction Kit (Promega, USA)
aiaaLEWLea1N agarose gel LaUaNLALRLEU-
tavasduihmanadildanmsii PCR aiaw
GanUWa&ila pGEM-T Easy Vector System
(Promega,USA) ﬁﬂﬁLSuLamﬁwamﬁ"L@TﬁwnTﬁq
\TRAWUATIIY Escherichia coli sN8WuwE DH5QL
83T heat shock transformation AALABNlAAY
UW8NMITUD LB (Luria-Bertani) ﬁﬁmiﬂﬁ%am
wWoNATaEU uaz 5-bromo-4-chloro-3-indolyl-f3-
D-galactoside (x-gal) e Isopropyl-]D-D-
(IPTG) la8/ 3T blue-

screening lABLARZA2BEN

Thiogalactopyranoside
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o ™ . . :
nanlasls GeneJET  Plasmid Miniprep Kit
(Fermentas, Canada) ¥&s3ATnzhanay 4@
- _
19alalngf 1°_BASE Laboratories 15zine
WLaLde Teluudazaraiisaziinnedaauius
A c;v =) Qs a
RBJIRY A8 ﬁ’limﬁ]@]lfiil{'l@]’ﬂuﬂﬂﬂ’]d T7 LLE\]SI%
a ® o ¥ 3 e
nan1y SP6 (pGEM -T Easy) H12ayasiay
faedlalnauesdn 165 rRNA WIsufisuny
gundnoanulugudays  GenBank  law
l1sunsn BLAST (http:blast.ncbi.nim.nih.gov/BI
ast.cgi) mﬂgm‘*ﬂ’aga National Center for
Biotechnology Information (NCBI) (http://www.
. . A a 6 o ¥ A a
ncbi.nim. nih.gov) Wadtanzimaauianale-
e a v a A A =2
vL‘Y]@W]&Jﬂ’J’]&ISLﬂaLﬂEIG&HﬂY]qﬂ LNBUINTIFN N

ANMUFNNUTUAILT D

ms%’mn&jmuaaL%ﬂlﬂ‘[@lWﬁﬁﬂMTﬂﬂﬂﬁ
wisuisuarauitiaalalnavasiiv 168
rRNA

igrduiianilelnadldundiased
wWisuifisualsldsunsu clustaw2 — AusaU
fnalendueagelnlansnsunidudunulu
15 ﬂ&j&l (16Srl-16SrXV) (Lee et al., 1998) ﬁdf:
16Srl  (D12569; Onion vyellows), 16Srll
(L33765; Peanut witches'-broom), 16Srlll
(LO4682; Western X phytoplasma), 16SrlV
(U18747; Coconut lethal yellowing), 16SrV
(AF189214; Candidatus Phytoplasma ulmi),
16SrVI (AY390261; Candidatus Phytoplasma
trifolii), 16SrVIl  (AF189215;  Candidatus
Phytoplasma fraxini), 16SrVIIl (AF086621;
Loofah witches'-broom), 16SrIX (AF248957;
Pigeon pea witches'-broom), 16SrX (AF
248958; Candidatus Phytoplasma mali), 16SrXI
(D12581; Candidatus Phytoplasma oryzae),
16SrXIl (AF248959; Candidatus Phytoplasma
solani), 16SrXIll (AF248960;
periwinkle virescence), 16SrXIV (AJ550984;

Mexican

Candidatus Phytoplasma cynodontis) UWag
16SrXV (AF147708; Candidatus Phytoplasma
brasiliense) WisuiRsuunugelnle-
wmamﬁﬁmmé‘uﬁuﬁﬁ'ﬂmvﬁmLLéTﬁLﬂUﬁ
TI9% A @UWUE YB-Xaemroi2012  (KC

295283), AHTB20-1 (JN381548) Llaz S22TE
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(KP119154) 9 ndszimnaisawu uaziielnla
wangunlaan 3 — 4 (KJ210318), 4 — 5
(KJ210319) uaz 5 — 4 (KJ210312) anndszine
AU LLa:L%aLﬂ%mmﬁmuuaﬂmjuﬁa e
wuANLY Bacillus Sp. LAY Acholeplasma
laidlawii 31 wwlElUsunsy MEGA version 5
RS IUNBANTNURAIANNTUNBS (phylogenetic
tree) laols3s Neighbor-Joining (Saitou and
Nei, 1987) uwaznagauAULTadw 61033

NARAY bootstrap N4%aa 1,000 A
a 6
NAWAZIIOh

[~ %) 1 = ')
nstiuaagislsanaznis@nelasiasns
'Y o [V { &
amalulududrlzuasfidulaa

AMNMITTAIFNINUYRILAZLALA LS

@ o

VREULRRITIUIN 238 @28879 NLUFINK

o

fznadlu 8 39w laun 39nIaaztBing
TWNILNTT AHDIATY BATWHN YNATWNT
s o 6 =) a 6 =1 Qs 1

3308 eEsiny LazgIuns TaglAualatig
U 25, 33, 29 32, 29, 26, 28 uaz 26

il
U
1

A8819 ANRIA LLa:@ﬁ"samamnﬂuﬁﬁ'aﬁmVLs'
2889 10 @28819 wué’nwmzmmwaﬂmvﬁu
us TapainwuoinisluszesiAiviisanszia
ﬂs:awslﬁ"’al,l,ﬂaaﬂgﬂ I@]ULL&@Ga’m’]iLL@ﬂV\iN
UILIMean LL@]ﬂﬁI\‘iLLﬂtIULﬂuﬂizi]‘ﬂﬁloﬁu’Juwﬂﬂﬁ
d1dn Mulunadn s1duLATZLNTY LazNL
a1nTnaed luEIn wazluudsanssinaanlu
ﬁuﬁﬁmms;mm (Figure 1 A and B) T9aans
Aue1nisgnnanslasuusd 11u iwaelw
8111353710514 wialass Adunasndvg
(Bemisia tuberculata) Wuuuaininztnenae

\Ta (Alvarez et al., 2009) NNTATIVAIDENN

& A v o o A
Wattaluduwadsnasnuaadainistalaian
CPCS4-1 310 3IRIARLLTILNT @T’Jﬂﬂﬁaaﬁ;a-

fa & ﬁ}’ a '
NIIEALANATAY WULTa MW lawaRNIUSII YD
1113 vad %oﬁgﬂs’wua:mmwmnmw
AILANAN T WATAIUT9871I WAL T=N I 200-

1,000 w1 lwiuas (Figure 1 C) waz haiwuima lul-
Tawanau1analagawalznaslng

mstndSanmin 16SIRNA aaidalnla
NANFNIALUINARA nested PCR

NSNS e LB wLa 08198
f1Uznad 156 @19879 INNIIRIARLTILNT
BTUNILNTT T2089 AUDIANTEY BATWUY
YNaIMT YITNE Aiminy uazgiuns 1w
25, 33, 10, 29, 32, 29, 26, 28 LLax 26 A08Ng
auau daoinaila ested PCR lanldd lws
as P1A/P7A, R16F2n/R16R2 LLas R16(1)-F1/
R16(1)-R1 Laz@313Naa 28 1% agarose gel elec
trophoresis WULOLALAWLATWIAUTZU1D 1,100
dua (Figure 2) 91w 174 29819 Aallu
73.1% NIWIBGIEITIRUA 238 G208
(Table 1)

m‘sfﬁ'ﬂmiuwaaL§a1ﬂfmwa1auﬁfﬂﬂnqs
wWlsuiiauaiauiiadlalnavasdn 16S
rRNA

NANNTAIATIERENGUTAR e Ina vt
16S rRNA ﬁLﬂué”sLmuﬂf,jméaﬁgmm 39 'lala
AN MUTIRTARSLTINTY AIUNILWNTT T8
AUBIATY UATWUN YNAMT UTTNET adaziny
WagIUNs §1UIu 6, 5,1, 5, 3,5, 4, 5 uaz 5
@188 MUEIAL (Table  2) nUud1Uznas
174 §108197ATIINLLALALE WL AIWIAL T2 T
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1,100 GLUs MMMIFFHUHBATNLTAIAIN
é’wﬁuﬁm:g}@hmmﬂﬁwUﬂﬁwaaéwﬁuﬁmﬁia-
Indifssufisudayadrduiianilalndvasiu
165 rRNA  aastde W lanaaunidudauns
ﬂﬁjm%a 15 NQW (16Srl-16SrXV) Iugmﬂ’aga
GenBank wuinlalaiandaaglundu 16sri
(Candidatus Phytoplasma asteris) (Figure 3)
Tagfidranumniiondl 98.0 — 100.0 wWasiFud
duldsanudteuiiaalalndvoadalnla
wmamﬁwuluﬁuémmﬁaﬁLLammmwij'cﬁ’
CRL RGO HEIR I E UL é']'@a%isluﬂéju
16Srl  LTULABINAY I@EJL%QVLWImwmammm@
lsawuudandszinaiioauiy (Ass.No.
KC295283, JN381548 uar KP119154) e
aNnunland 91.1 — 100 wWafifud uazideln
I@l‘wmammmqiiﬂvjmﬁmnﬂi:mﬂﬁ'uw“m
(Ass.N0.KJ210318, KJ210319 uaz KJ210312)
fenanunilond 098 WasiGud (Figure 3)
gaaaXInuTBwI AN LT e W lawaaun
luﬁué’wﬂwﬁamﬂﬁuﬁfﬁﬂuﬂizmm%mmu
LLazﬂs:mﬂﬁ'aqu"mﬁﬁ'@agﬂumjm 16Sr
\BWLAEINY (Alvarez et al., 2014; Hoat et al.,
2015) lasudazdlat19lasndseznavvald
lulasiauiuasfia guanine Was cytosine (G+C
content) USunmentlszanas 18 — 28 1lofidud

a9

AsAnEIasItidnIngwLInUe
Uszinalnofduguniswoiga W lanaaunlu
ﬁuéwﬂ:%é’aﬁ'memm‘wjmﬂ@ﬂ%mﬂﬁﬂ
nsdudaluiana uazinafiagansvad
Slanason lagnsaneaiegnsdnaenasi
LRAIDIMIHALT 238 @28819 3NAINIA
ALLTILNTT AIUWILWNTT T2809 WUBIANE
UATWUN ANAMIT YIT0E eFaziny uazgiund
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Table 1 Number of cassava witches’ broom phytoplasmas positive detected samples by nested PCR

technique with 16S rRNA gene specific primers

Percentage (%) of

Total number of collected Number of positive
Provinces positive detected
samples/ Province detected samples
samples
Chachoengsao 25 6 24.0
Kamphaeng Phet 33 21 63.6
Rayong 10 8 80.0
Nong Khai 29 29 100.0
Nakhon Phanom 32 32 100.0
Mukdahan 29 28 96.6
Burirum 26 20 76.9
Sisaket 28 14 50.0
Surin 26 16 61.5

Total 238 174 731
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Figure 1 The Cassava witches’ broom (CWB) disease is distributed throughout cassava producing
areas (A). The infected cassavas appeared dwarfism, an exaggerated proliferation of buds,
many sprouts on short internodes of branches and small leaves (B). Transmission electron
microscopy (TEM) revealed the presence of CWB phytoplasma in the phloem tissue of

infected cassava leaves (C)

uuuuuu

Figure 2 Amplification of the 16S rRNA gene showed a fragment of about 1100 bp in size by nested
PCR with specific primers R16(l)-F1/ R16(1)-R1. Lane M: 100 bp DNA ladder plus; lane P:
positive control (Infected cassava plant); lane N: negative control (healthy sample); lane
W: non template control (water); Lanes 1 — 6: the collected cassava samples from Nong
Khai showed CWB symptoms, CPNK1-1 (1), CPNK1-2 (2), CPNK1-3 (3), CPNK1-4 (4),
CPNK?1-5 (5) and CPNK1-6 (6).
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Table 2 Results of classification of cassava witches’ broom phytoplasma by comparison of 16S rRNA

gene sequences

Provinces Number of isolates Isolate Group/Acc.no.
Chachoengsao 6 CPCS 2-1 16Srl
CPCS 2-2 16Srl (KP054297)
CPCS 24 16Srl
CPCS 2-6 16Srl (KP054298)
CPCS 3-5 16Srl (KP054299)
CPCS 4-1 168Srl (KP054300)
Kamphaeng Phet 5 CPKP 1-3 16Srl
CPKP 3-3 16Srl
CPKP 4-3 16Srl
CPKP 5-4 16Srl
CPKP 6-3 16Srl
Rayong 1 CPRY13-2 16Srl
Nong Khai 5 CPNK 1-4 16Srl
CPNK 2-4 16Srl
CPNK 3-3 16Srl
CPNK 4-1 16Srl
CPNK 5-1 16Srl
Nakhon Phanom 3 CPPN 2-1 16Srl
CPPN 3-1 16Srl
CPPN 4-1 16Srl
Mukdahan 5 CPMH 1-4 16Srl
CPMH 2-5 16Srl
CPMH 3-1 16Srl
CPMH 4-3 16Srl
CPMH 5-2 16Srl
Burirum 4 CPBR1-5 16Srl
CPBR2-4 16Srl
CPBR3-1 16Srl

CPBR5-4 16Srl
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Table 2 (Continued)

Provinces Number of isolates Isolate Group
Sisaket 5 CPSS1-1 16Srl
CPSS2-3 16Srl

CPSS3-5 16Srl

CPSS4-2 16Srl

CPSS5-3 16Srl

Surin 5 CPSR1-4 16Srl
CPSR2-4 16Srl

CPSR3-2 16Srl

CPSR4-5 16Srl

CPSR5-5 16Srl

Total 39 - -
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Figure 3 Phylogenetic tree representing 16S rRNA gene sequences derived from CWB phytoplasma found in this

work compared with CWB phytoplasma strains from Vietnam (CW-VN), 15 groups of phytoplasma strains

(16Srl-16SrXV groups) from the GenBank database, Achole plasma laidlawii and Bacillus sp. were used

as the outgroup by neighbor-joining method.
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