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SR HTAESE (Cleome rutidosperma)
UM B} (Capparaceae) & —FEA4FHY)
I H B IR st - B B mr g %
WL W i, 9 o (LM RHE Y @ £ 5FA
+FAIERL (Cruciferae) » {HFE 2002 451
TEHYHE R 242240 (angiosperm phylogeny
group, APG) Zp3E A ER B EEA] > 37
ATEFTFAEH (Brassicales) | (Do #5%
ANBHA LM BHEY) Ry ml K= (Cleome
viscosa) JxEHAM Cleome JEWITEY) » 585 H
REHRMBIGHRE  BERL G- &
B K~ FERE - IRESEER GV R F
SR R R A R T =R AR
PYIINETE (332 « LR LR AEEF Jb
R IR ey shak 5 O FR HAR R
72 AN R VN A TE T QR N ) o= 111K i
R V8 TR A5 -

GNRAEY) T EH ARBREE N @ LR AT
R eTf H Ry B {LIEY) (naturalized plant) -
T RN R R R B A AN A B A R R
EAREZERAIGHELARHEY
(invasive plant) (334 » B BEET ) —Fd - 5
AR HH & R AT Ry E W FH Y e &7 =
(alternative host) B{ [+ (intermediate
host) + J2& (i IR I BRI K1 - HZH0
UEEZE (Solanum nigrum) ~ 2 (Chenopodium
album) ~ INZ K% (Erigeron canadensis)
Sas
(Polygonum pensylvanicum) Fy 555 2
" (Pectobacterium atrosepticum) Wi

(Amaranthus retroflexus) ~ Z&

HF D5 B4R (Avena fatua) IR Ry
KE -~ T~ /NEBEEIN  (Blumeria
graminis f. sp. tritici) ¥R 27 £ @D & -
HY & 'E %8 (Candidatus Phytoplasma)
BRI EE - RIRR S 2 ME - 1T
AR ETEDY) LRk 1,000 fELL R (10,20,
24, 26) o 5 [ B A FH ] 3 6 35 AR 388~ K
dh ~ TR R ) R B IR A B B e
&+ AT DLk T BB s 1 5 7 = R
(16,23.45) o f Va8 e KA G — s B el DA
ALHAEE A D ik TS
A bl E - FIIE YA e 25
R I - BEE W - EEERE
T2k - O AR EY S EE M - mE
BRI B A B it R SESE R I 4T - 1998
AL BB L 16S rRNA K K] %1 K&
F2NR2 751 Fr Bé i RFLP {E Ry or BEAR B @7
T #2016 4 Ry IE AP R E AS = R A B
W R Ad 33 M EEERE (16Srl-
16SIXXXIID) ¢7 o ZEIYIE Y B E 18R F
HWEFFETHR (PDTW, 16SrIl and 16SrX

group) ~ {6 4 & FEHH  (PnWB, 16Srll
group) ~ H & # ¥ ¥ (SPWB, 16Srll
group) ~ U fii 7% B K (PaWB, 16Srl

group) ~ H HEHZE = {Liw (PLY, 16811
group) * /KFEEZK (RYD, 16SrVI group)
%) .

R SRR ZEAE 1979 73
F Ry — MR LIEY) @ o« AREFFREERAE
REFAHGITHRHAR - BB REEAEX
TEAREER  HRRECEWBEEZ
St BB Yt EAE O AR AR
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FORHEL 5 7k
— ~ HREBH e EZE PGSR
[l et o A A

AWFFER 2017 4 8 HZE 2018 - 8 H
A PR A USRT 132 HE G RE
B o FOERIREE AR B Y FH I 8
78 & R 2 5% Rl Ry i H &
BB - AT EXE - F—HERRFER
EFHHE—K O S EY) > mHE
JEAZLBE DL Tableau B Tableau desktop
public edition ver. 2019.2.1 #& BB 4371
o

o HREBEREE R A
I i B 1R el £ 50

TETGRE 53 A i & AR R 3 A AR
INEE ~ FRIESFIARIBGIR - Rl Ry P RE R4
YR E 8 2 AR PR e A s - Y
IREFERZTEW - EH 2.5% K 8
(glutaraldehyde) ;% 1% PU%E L5 (osmium
tetroxide, OsO4) EEFE[EE % » DIAEEE
(50% > 70% ~ 90% ~ 100%) = ZFEfi2%1
7k ) o f R IR AL AR AR 1R DAk i Y Fr
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PEETT R MR E Y] £ 90 nm 1YJE
B o DLff RIS B2 8l B (uranyl acetate) 2
0.2% MEFEEE#Y (lead citrate) 5 4L {h
% o A EAHIHE (300 mesh) [ LLIZEE
BT BEMEE (JEM-1010, JOEL, Japan) #H
HHEYVEER

HURZEIRZERS 100 mg fROARFEELS -
I ImL SCPAP fEfE#E (0.1% disodium
succinate, 0.1% trisodium citrate, 0.15%
K2HPO4, 0.1% KH2PO4, 0.02M sodium
ascorbate, and 5% acid-washed insoluble
polyvinylpyrolidone, pH7.0) 1 THTEE »
FEAI AIAE A B A A BR X 88 DNA AL A
& (GeneMark, Taichung, Taiwan) ZZHUfH
YI#aE DNA - DL PUTINT 5] 1T-%f - 5
TTHYEER 16S rRNA B2 BEH:EH
$E [ € (polymerase chain reaction, PCR)
(9 » BB EREHERE Ty 20 ul - HE 1 £
S EAZETHE (10 mM Tris-HCI, pH9.0, 50
mM KCI, 0.01% gelatin, 1.5 mM MgCI2,
0.1% Triton X-100) ~ 250 uM f9J dNTPs »
0.5 uM B3 [F-¥ ~ 0.8 Unit #J ProTaqTM
DNA Polymerase
Enterprise Co. Ltd., Taipei, Taiwan) Jz 20
ng MY DNA ° ZEREA 155G 94°C Smin »
1T 94°C 15 sec ~ 55°C 15 sec » 72°C 2 min
3 30 fEFEER - B FFHETT 72°C 10 min 58
i, PCR I  EEYILL 2% agarose (1x TAE
buffer) ZBE¥kHT » WLL 1 kbDNA ladder
H3 RTU (GeneDireX Inc. 5348 Vegas Dr.
Las Vegas City, Nevada 89108, USA.) fEky
KA EEY) - 1% L Cyber Green ¥:ffi

(Protech  Techonlogy
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FEACFRL HEAH - R EIE 2 Fr Bk B AR
IR~ E LLH B E P& (Applied
Biosystem 3730x] DNA Analyzer, Thermo
Fisher Scientific Inc., USA) {##{TEFF ° AT
15 Z % /A NCBI (National center for
Biotechnology Information » 2[5 4V
BIEt& e h0y) By BLAST (Basic Local
Alignment Search Tool) UL (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) 1Ty »
Dl KPR (Maximum Likelihood)

ETHYRERE R BT - Pk

ZEfK (Cleome witches’-broom strain TWY 1)
e = 1
TWKI1) @ik LR Kpiite 168
RNA  Fr Bt & $% i/ GenBank (Genbank
accession MK693681
MK693682) » SHZ2E &R EF 15 fli 16S
rRNA FARMRER @ SEE— - 5
VIR (F5—) (7-12.14.28.35.36.41,
44,48 5 Horp 3 SRR H IR ERYRETA

(Cleome witches’-broom strain

number: and

R— AREAERZSEEYEERERZ 16S rRNA FHI 2R

Table 1. Source of phytoplasma strains from different 16Sr groups and corresponding 16S rRNA
sequence Genbank accession numbers used in this study

35;:;%;:;?1 Strain Genbanl;liccession Reference
16SrI-B Periwinkle leaf yellowing, PLY FJ437568 7
16SrII-A Peanut witches’-broom, PnWB L33765 44
16SrlI-A Cleome witches’-broom, CIWB-Hnsy EU513212 28
16SrII-A Cleome witches’-broom strain TWK1 MK693681 This study
16SrII-A Cleome witches’-broom strain TWY1 MK 693682 This study
16SrII-B Ca. Phytoplasma aurantifolia Ul15442 48
16SrII-C Faba bean phyllody X83432 35
16SrII-D Ca. Phytoplasma aurantifolia, CV01 LT558784 41
16SrII-E Picris echiodes phyllody Y16393 36
16SrII-F Cactus WB phytoplasma — YN11 EU099556 14
16SrII-G Cactus WB phytoplasma — YN23 EU099568 14
16SrII-H Cactus WB phytoplasma — YN24 EU099569 14
16SrII-1 Cactus WB phytoplasma — YNO06 EU099551 14
16SrII-J Cactus WB phytoplasma — YNO7 EU099552 14
16SrII-K Cactus WB phytoplasma — YN28 EU099572 14
16SrII-L Cactus WB phytoplasma — YNO1 EU099546 14
16Sr1V Lethal yellowing phytoplasma, C1 DQ842528 12




W4T (12.28.40 o BAP) Acholeplasma laidlawii
(Genbank accession number: FJ655561) 2
16S rRNA J#¥IEFs SM it - Fi G B 51 A
Bioedit 7.0.9.0 ik
Carlsbad, CA, USA) #k{g ClustalW #17%
F 51 FL NI B B Ry — B R 51 4% - AR LA
DNA #4453 #rik f&% Molecular Evolution
Genetic Analysis (MEGA) version 10.0.5 &
Hl Jukes cantorr #xX » G155 M2 EE
FEEE > AGLL 1,000 REFEEURZ bootstrap
replications {E DUk Bt B (R A IR [ 5 52
BRERIERE - PR BSR B -

(Ibis Biosciences,

=~ A B 2 Fre i %

PSR Za k1 (Cuscuta campestris)
M1 H H &Mk AL K H 0 (Catharanthus
roseus cv. Pacifica Punch Halo) Jy#f Rl 1T
R B B DA 38 s I 1 (1930 « FRfE
MaREERTLLL B3t PUTINT 57 BT
PCR filll » TR Ry N EMR « K Fkh T
T~ B B o SR E RS R I A R
EREER - BERNERCHHEEIRE
HYER o 7E 9 1 BRI A I B AE Y VB S
% PR SR LA R T X R
H H&EE B RER S RE A TER - 35
HARTAC SR 978 B3 AU M AR B - A B %
ZEHE -

i e BEL Y
— ~ SHRER e R AT

W)
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AR IER AR HIN 57 H
W R 40.1% » B EEE RE
K 80.0% ~ 3EFE 70.6% ~ E=F 68.8% -
1 80.0% 5 B ZRHIRRA 43 & - (HHEEEE
32.6% ¢ IR 5L EE B EE 88.2% =
B 93.8%  Elft 50.0% o HERAHEYIIH
@b BRE 4R 23 [HE R E S - Rl
40.4% » TR ZEILET 25 HE Ry {8 24 - L
Bl 58.1% (B — >~ R ") - MEFEA @ 1EH
MRS 722 BREGRE o TEIERR RS
SRR ~ MBS - R IREE
W1 236 FEERLIEY) - HAp P REHIERE
7R 2 v T L g B b & HH R i = i)
iz — o ARFAEFFHREAIERZIRTE
P 505 o2 Mk A L B A P R 1 B
B

o PR E B e SRR R
A~ i 8 B R 1 B
PRt

AR AR 72 3 B o HIER SRR AR 1
B~ BF 4 B~ S 1 BRARZEEBEE
HYEBRRECEER (B) - DLEMK
B S 2B - IR RIS I ZEAS
WY T EEES - OB IME
W ENEHEYEERE - 25K
INR—BL LRI (B = A~ =B) - fFHE
PR s MmN RSB e - DL
PI/TINT 5[l - 215 2 AR
T L PCR BgiiE H— 1.6K 1 PCR &Y (&
=0Q)-
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B— FRE[EXNEFEOLREZHEIF (A) BES B) RF

Fig. 1. Geographical distribution of fringed spiderflower in orchards of western Taiwan: (A)

warm season and (B) cold season.

BIEX (A) BF (B) EYEERRER  BIRKEER/)N

, = e
B~ FIMRECFRE
Fig. 2. Fringed spiderflower found in the wilderness: (A) healthy plant and (B) phytoplasma-

infected plant showing witches’ broom and little leaves as a symptom.
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R~ ZEEHRET (A) BFE (B) AT HREGILEAY IR
Table 2. Distribution of fringed spiderflower in (A) warm season and (B) cold season in orchards
of western Taiwan

Region" nlfrifligrs . Preslf:rcceentage ]_)Omman;jr):rlz:ge ?ﬁ?ted-p;ant
Times %) Times %) 1eld numbers
Hsinchu 9 0 0.0 0 0.0 0
Miaoli 23 1 4.3 0 0.0 0
Taichung 13 2 15.4 1 50.0 0
Changhua 11 Warm 2 18.2 0 0.0 0
Nantou 23 POl 3 56.5 2 15.4 0
Yunlin 10 8 80.0 4 50.0 1
Chiayi 17 12 70.6 4 333 0
Tainan 16 11 68.8 8 72.7 1
Kaoshiung 10 8 80.0 4 50.0 0
Total 132 57 43.2 23 40.4 2
Region mii;igrs . Pres:::ceentage ].)Omman;z::::[:ge iflflt;cted-pgant
Times %) Times %) 1eld numbers
Hsinchu 9 0 0.0 0 0.0 0
Miaoli 23 0 0.0 0 0.0 0
Taichung 13 2 15.4 1 50.0 0
Changhua 11 Cold 1 9.1 0 0.0 0
Nantou 23 season 2 8.7 0 0.0 0
Yunlin 10 3 30.0 0 0.0 0
Chiayi 17 15 88.2 8 53.3 0
Tainan 16 15 93.8 13 86.7 3
Kaoshiung 10 5 50.0 3 60.0 1
Total 132 43 32.6 25 58.1 4

D Survey proceeded from August 2017 to August 2018
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Fig. 3.

M Healthy Infected NC
BEYREBRAILER A) H B) AFREATEEKENKCETEMEREE

2o HAE (A) ZREHEBRKRERE (B): (C) AL PUTINT 5| 7T
PCR X f& @ 1B 1B ER> 16S rRNA K [EfR[E » MRIRIENEHH— 1.6K #Y PCR &) -
A EFEE A 1 um o B &% & 200 nm

ST A&E P AEYWHEER : M A | kb Z marker ; NC A& HRA
Phytoplasma detection results. (A) and (B) are transmission electron micrographs of
phytoplasma cells within a sieve tube of infected C. rutidosperma witches’ broom
petiole. Black frame in (A) represents a close-up of (B); (C) shows PCR products on
2% electrophoretic gel by using a P1/TINT primer set. 16S rRNA genes and part of
an intergenic spacer were amplified on leaf samples of infected fringed spiderflower.
Amplification in infected plants revealed a 1.6 kb PCR product.

Bars in (A) =1 um; bar in (B) =200 nm.

Abbreviation: ST, sieve tube; P, phytoplasma; M, ladder, 1kb; NC, negative control.
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99 Peanut witches-broom PnWB L33765

9
Cleome witches-broom strain TWK1 MK 693682

16SrII-A

8 | Cleome witches-broom CIWB-Hnsy EU513212
Cleome witches-broom strain TWY1 MK 693681

—_
0.020

Lethal yellowing phytoplasma C1  DQ842528 16SrIV
Periwinkle leaf yellowing PLY FJ437568 16SrI
Acholeplasma laidlawii FJ655561

ISR BARELLE AR MER TWKL » TWY1 BEEMER 2 HEBEEIR
o AERAETT 1,000 REEEE » KR LERIEF K bootstrap B ERREN
65 218 ° [EARZME R R AN FATRE

Fig. 4. A maximum-likelihood tree based on 16S rRNA gene sequence illustrates the

relationships between different phytoplasmas and infected plants collected for this

study: TWK1 and TWY1. Probability values were determined through bootstrap

analysis with 1,000 re-samples; probability values greater than 75% are shown above

the internal branches. Two sequences, which are underlined, were collected for this

study.
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Bh EYRBEERRATREOTERRCBRER - (A) £ B) B2 (CO) £ ()

Fig. 5

RILE ° (A) ZEZ2  (B) RUREBEABRERN 22K (C) EIESR 5 (D)
Z (F) Rz tssB o R ZET2/bam b BIEsRER 5 (G) BEZIE

W H £ O RR2iElzsBely RmELFZEG () IEBRERL

ZIERERAREEZIES -

ABEBEEEScam CEJEEAE02cm o

. Disease progression of phytoplasma-infected fringed spiderflower. (A) and (B) are

whole plants, and (C) to (J) are flowers. (A), healthy plant; (B), infected plant showed
severe witches’ broom; (C), healthy flower; (D-F), infected flowers gradually showed
partial and complete virescence and phyllody; (G), healthy sepal; (H-I), infected
sepals merged, enlarged, and formed new shoot; (J), more phyllody flowers grew from
a basic point, which grew sepal originally.

Bars in (A) and (B) =5 cm; bars in (C) to (J) = 0.2 cm.
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Study of Distribution of Fringed
Spiderflower (C/leome rutidospermay) in
Orchards of Taiwan and Witches’-Broom
Disease Caused by Phytoplasma

Chao-Feng Tai'", Chyong-Juan Bor!, Chi-Yi Li'

Abstract

Tai, C. F., Bor, C. J., and Li, C. Y. 2022. Study of distribution of fringed spiderflower (Cleome
rutidosperma) in orchards of Taiwan and witches’-broom disease caused by phytoplasma.
Taiwan Pestic. Sci. 12: 61-78.

Fringed spiderflower (Cleome rutidosperma), which originated in tropical Africa and
is now common in warmer regions of Asia, has become a naturalized plant species in Taiwan
in recent years. Weeds compete for nutrition against crops and also serve as alternative hosts
for many diseases. A survey of weed species targeting 132 orchards in western Taiwan from
August 2017 to August 2018 found that fringed spiderflower appeared in 57 orchards
(40.1%) during warmer seasons, and it became dominant, which is defined as a weed species
covering over 5% of the ground, in 23 of the 57 orchards (40.4%). During colder seasons,
the plant also appeared in 43 orchards (32.6%) and became dominant in 25 of the 43 orchards
(58.1%). The findings suggest that fringed spiderflower has high potential to become
dominant now that it has successfully invaded western Taiwan. During this investigation,
six plants showing symptoms of witches’ broom were collected from Yunlin, Tainan, and
Kaohsiung and were also confirmed to be infected with phytoplasmas following testing with
the TEM technique. The sequence of a 1.6 kb PCR product amplified with a P1/TINT primer
set from the samples collected from both Kaohsiung and Yunlin was identical to the 16S

rRNA sequence of 16Srll-A subgroup phytoplasmas. Analysis with a dodder transmission
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system confirmed that the symptoms of witches’ broom found in the fringed spiderflowers
were indeed caused by phytoplasma. Thus, this study sheds light on the potential for fringed
spiderflower to be an alternative host of phytoplasma and stresses the importance of weed

management.

Key words: Cleome rutidosperma, phytoplasma, witches’-broom disease, population
distribution



