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Molecular Detection of Phytoplasma Strains From Several Plants
Around Diseased Paulownia Infected with Paulownia
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Abstract: [Objective] The objective of this study is to investigate and identify the alternative host plants of paulownia
witches’-broom phytoplasma (PaWB) in natural condition. [Method] Using universal primers for phytoplasmal 16S rRNA gene,
nested PCR was conducted to detect phytoplasmas from 16 species of plants with/without symptoms of yellowing, little leaf, winkle
leaf, witches’-broom and growing around paulownia plants infected with PaWB, and then sequencing and phylogenetic analyses of
the amplified fragment were made. Indirect immunofluorescence was also used to analyze partial plant samples. [Result] A specific
fragment of ca. 1.2 kb in length was amplified with nested PCR from 7 species of plants, Chinese yam (Dioscorea opposita),
groundcherry (Physalis angulata), pepper (Capsicum annuum), peanut (Arachis hypogaea), goosegrass (Eleusine indica), bristle
grass (Setaria viridis) and musdky guard (Cucurbita moschata) along with the positive control of PaWB. The sequencing and

phylogenetic results showed that all the phytoplasmas detected in the 7 species of plants and the one from diseased paulownias
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belonged to 16Sr I-D subgroup of aster yellows phytoplasma group. Indirect immunofluorescence analysis using antibody to PaWB

Tuf protein indicated that specific fluorescence was easily detected in paulownia plants infected with Beijing and Heze isolates of
PaWB, but not either in healthy paulownia plants or in CaWL, DoY, AhY, CmA phytoplasma-infected plants. [ Conclusion]

Paulownia witches’-broom phytoplasma were detected from 7 species of plants, which were probable natural hosts of PaWB.

Key words: paulownia witches’-broom; phytoplasma; 16S rRNA gene; nested PCR; indirect immunofluorescence; host plant
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&1 PCR¥IE 165 rRNA ZE A 31 MM EER 5
Table 1 Primers used in this research to amplify 16S rRNA

gene
AR 5175 TR
Primers Primer sequence Tm (C)
R16mF2 5'-CAT GCA AGT CGA ACG GA-3’ 52
R16mR1 5'-CTT AAC CCC AAT CAT CGA C-3' 52
R16F2 5'-ACG ACT GCT AAG ACT GG-3' 55
R16R2 5"-TGA CGG GCG GTG TGT ACA AAC 55
CCC G-3'

E, SR BRI ARG PR A R .

1.2.2 F5|494 FKJifd DNA F#5%i N\ GenBank
HHT BLAST K&, K DNASTAR Hl MEGA3.1 &
PEXT A B AL FE R PP I EAT LU R AT, PR R
ESIBEI R

2 HEREHRZOMEFERERRI

Table 2 Classification and symptoms of collected samples

1.2.3 [ RZTONBMAMT TDUE PO R
YA AR HE U S A DR R DL G, e R 2Ok
# (fluoresceinisothiocyanate FITC) Arid FI=EHT Ml
1375 4 — L. 75 490—495 nm [ 85 Y3k U5 FITC
(o 5 e e

2 4R

2.1 REMEY. REMFAERRILREER

T IR A ], SRR L AR A ] g
FHALH PR (K355 B S B SRR A o, SRR IR
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SRACIHLA A5 (1 ST EEREAR - AN SRR FR) 9 25
RAEGIEMAEIR, B 1R FE L AR R I .

FEil 47k Samples 732% Classification

JEIR Symptom 455 Acronym

21/N§. Phaseolus angularis %} Leguminosae

K. Giycine max %} Leguminosae
1€k Arachis hypogaea 5%} Leguminosae
AAEL Gramineae

AAE} Graminea

A5 Eleusine indica
JJE 5L Setaria viridis
ML Capsicum annuum #iF#} Solanaceae

YT Physalis angulata HiBl Solanaceae

JRZE Fructus trichosanthis
/K Cucurbita moschata
HJLZE Cephalanoplos segetum
1114 Dioscorea opposita

Z K Sesamum indicum

[F#2 Sophora japonica
HHR L Euphorbia lunulata
B Melia azedaeach

A Diospyros lotus

#i77F} Cucurbitaceae
#i77F} Cucurbitaceae
4%} Compositae
5B Dioscoreaceae
R F} Pedaliaceae
W16 F} Papilionaceae
K&l Euphorbiaceae
B} Meliaceae

it} Diospyros kaki

Y,LL PcYL
Y GmY
Y AhY
WB EiwWB
WB SvWB
WL, LL CaWL
LL PaL
LL,Y FtLY
A CmA
A CsA
Y,LL DoY
A SiA

Y SiY
Y,LL EpYL
Y MaY
A DIA

Y: #EAk Yellow; LL: /M Little leaf;, WB: MK Witches-broom; WL: 4 Wrinkled leaf; A: JGHEIR Asymptomatic
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Ml BRI, S5 b R R AR FE LB B — o B4E 6
IR AR R A2 S, ikt b B
RN IG , FEAR T IR VEYI R 2 5 E AR e R I 2 2 e
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A: ST B: B C: fB4: D: gy ZEMDRREAMIFES, A0 R i
A: Physalis angulata; B: Capsicum annuum; C: Arachis hypogaea; D: Dioscorea opposite. The left is collected sample, the right is healthy plant

1 REMAHRAERTRI
Fig. 1 Symptom of partially collected samples
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BRCHEAT IR0 H . PCR 4738, 53 B0 HE I Al g A
Gb, FTAFESRAIIAE] 1.5 kb 16S rRNA FEK H 114
i, {H LB #E PCR ) 247 1) 13X PCR(Nested -PCR)
o3, IR 16 ANMFER AR IEF] 1.2 kb
16S rRNA JER B (£ 3) .

29 ¥ (Eleusine indica) . kAR ( Capsicum
annuum) . )2 (Setaria viridis) + 111245 (Dioscorea
opposita) . %] 74 (Physalis angulata) . f£& (Arachis
hypogaea) F1m /It (Cucurbita moschata ) 7 R4+
20 PCR ¥ 975 8140 1.2 kb A B (B2, S5/
A0 L A A5 AL AR ST 23 25 4) (PaWB-HZ) Al
BB 2 29 (PaWB-PY) HILI &y K/, Y5
e aa eIk Y/ O NAS 71V e 3 1] AR PN B YA Y
FUR P R I B HRR ST, WX LA At it o
A REAALEAR ARG o b Ll 2 A AT N /N i
AR IR b AR A H R A, e R WA 4y
HERFE St ARSI AR A . TfERLSE . 40/h, R

T ZRRS JREEL R, IR, SRR )
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2.3 16S rRNA EE FFNE R

Mg 1) S PCR i 6 15 2 F 41 ook, il e 2 S
BIWES), g TR EIIE 16S rRNA JERI & H
1246 MZATIR, A3 8 ~7FBAIK 168 rRNA K]
PIAZ PR 1), e A 455 S A %o JUR L ] IS AR D A 3
P B (PaWB-HZ, FJ263622) , WAMUEE 7 Fite
RGBS CRHE D ) Bl FH R R AR A, 430
AT T4 (Kt GenBank &35 ) « A= A K AR
& (Eleusine indica witches’-broom, EiWB, FI1263620) .
B4 K )R 44 (Capsicum annuum winkle leaf,
CaWL, FI263617) | 4 2 5 B K 5L 44 (Setaria viridis
witches’-broom, SvWB, FJ263625) . tlizyiik /M
fiJ5i4A ( Dioscorea opposita yellows, DoY, F1263630)
$T 8L/ N 54K (Physalis angulata little leaf, Pal,
FJ263624) . {bA4: LA )54k (Arachis hypogaea
yellows, AhY, FJ263623) . # /R CHERE )54 Cucurbita
moschata asymptomatic, CmA, FJ263619) .
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Table 3 Time and place of samples collection and nested PCR detection results

FE SRR SKAER ] Collection time ROBAPE ) SRz

Samples name 2005-7-27 2006-9-22 2007-9-21 2008-9-18 Positive /total ~ Collection place

#il )L=% Cephalanoplos segetum — - — 0/3 R S

#2455 Eleusine indica + 11 Huji, Heze, Shandong

HHX Capsicum annuum + — + 2/3

£[/N57. Phaseolus angularis — — - 0/3

K. Giycine max - - 0/2

M) 2 Setaria viridis + 1/1

11124 Dioscorea opposita + + + 3/3

Z R Sesamum indicum - - 0/2

T %3t Physalis angulata + + ¥ 3/3

16/E Arachis hypogaea + — + + 3/4

JKZE Fructus trichosanthis - - 0/2

[ #¢ Sophora japonica — 0/1

AR E Euphorbia lunulata — 0/1

#g )R Cucurbita moschata + 171

B Melia azedaeach - 0/1 T ERH AR 2
Hucun, Puyang, Henan

AL Diospyros lotus — 0/1 TR P VB B B [l
Puyang, Henan

“+7 FOR PCREIMFIPESS R “—” RIK PCR 4558 0 BTk

“+ Represent the positive result of PCR detection; “—” Represent the negative result of PCR detection

M 1 2 3 4 5 6 7 8 9 10 11 12 M 13 14 15 16 17 18 19 20

M: DNA 4> T Ar#E DL 2000plus; 2: JAHIAERIER 52405 3: WHARORRES 2 40 BOWAHR; 7. fEAET00; 8 4o AR
10: FREEMRS; 14: AT/ 17: FEIRTCIERS; 18: WIZY3b/ ;1. 5. 64 94 11, 13, 15, 16: Z» B AM@BEIHAT . B, 184,

M: DNA marker DL 2000plus; 2: Paulownia witches’-broom PaWB-PY; 3: Paulownia witches’-broom PaWB-HZ; 4: Capsicum annuum winkle leaf; 7:
Arachis hypogaea yellows; 8: Eleusine indica witches’-broom; 10: Setaria viridis witches’-broom; 14: Physalis angulata little leaf; 17: Cucurbita moschata
asymptomatic; 18: Dioscorea opposita yellows; 1, 5, 6, 9, 11, 13, 15, 16: Total DNA from healthy paulownia, pepper, peanut, goosegrass, bristle grass,
groundcherry, musdky guard and yam plants as negative controls respectively; 12: Double distilled water as blank control

2 HE[E{K 16S rDNA &3 PCR HIZE R
Fig. 2 Nested-PCR detection result of phytoplasma 16S rDNA

KA1 8 M RAA S BT 16S tDNA 4 H IR
J¥%5 GenBank Ht U Fili ) 22 /MR AR S> E k%
R 7 41 AT 7 41 L) R0 Ak o . Y H
DNAStar [#] MegAlign TJREREATFFH1 [ Y51 LERT, 45
TR PRy 7 Rt it 5 L RH T A% 1R e 1) [
PRI EEE T GenBank 1 CUEFEIFT 22 AN A4 53 15
Yt 16S tDNA #1117 41, Hrh DoY 5 PaWB-HZ
ff) 16S rDNA [y 41 [l Y51 A /2 98.4%, AhY. EiWB,

PaL 3 Rl /> B4 55 PaWB-HZ (% 1R 17 51 [V A v
4 99.4%, CaWL. SYWB. CmA 5 PaWB-HZ P %}
WA R R PE L AE 99.0% L B, HHEINIX e ki)
A e WL SRR TR AR 25 . i 16S rDNA
J7 5K R AR A LTI () 8 b 43 B ) 1S SR AR AT
16SrT #1143 32 b, JF 0T BL 22 M) 32258 3 A0 R DR A4
AF322644 16Srl-B) I ¥ Al A K 18 J5 A& AY265206
16St1-D) {E[F]—AMBArsy 32 b (B 3D, i AT L
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S HERfE 7 MBS AY265206 (1R S SILE DAL 40 W Bl £y 8 AMAEL B A4 23 25 340 J& T+ 16SrI-D WF
98.1%—99.4% [a], FHM:NIHE L AY265206 FR) Y5 4 (£ .
1A 99.8%, 1Ry T HL 2% SR A w AL A R A RIS 2.4 [EEREREEMUE

Fz4 KERHERF16Sr [ -BF0 1 -D FARFRBIFEIRAT 16S rRNA EE AL HERF 59 HTRIREER

Table 4 Homology matrix of phytoplasma 16S rRNA gene sequence of collected samples and typical phytoplasma of 16Sr I-D and
16Sr I-B subgroups

PaWB-HZ CmA AhY DoY CaWL EiWB PaL SvWB  AY265206-16SRI-D
PaWB-HZ 100
CmA 99.2 100
AhY 99.4 99.4 100
DoY 98.4 98.1 98.1 100
CaWL 99.3 99.5 99.6 98.1 100
EiwB 99.4 99.5 99.6 98.2 99.7 100
PaL 99.4 99.5 99.5 98.2 99.5 99.7 100
SvWB 99.3 99.6 99.6 98.1 99.9 99.6 99.6 100
AY265206-16SRI-D 99.8 99.2 99.2 98.2 99.4 99.3 99.2 99.4 100
AF322644-16SRI-B 99.6 99.0 99.0 98.0 99.2 99.0 99.0 99.2 99.7

100 ——— Clover phyllody-16Sr1-C -AY265217
L Clover phyllody-16Sri-C -AF222066

99 Leafhopper borne-16S11-F -AY265212

o { Apricot chlorotic Teaf roll-16SrI-F -AY265211
98 Tomato big bud-16SrI-A -AY 180955
{ Onion yellows-16SrI-A-AY 180931
Blueberry stunt-16SrI-E-AY265213
Paulownia witches'-broom-16Srl-D-AY 265206
Maryland aster yellows-16SrI-B-AF322644
Capsicum annuum wrinkled leaf-FJ263617
100 Setaria viridis witches™-broom-FJ263625
Cucurbita moschata asymptomatic-FJ263619
88 Paulownia witches'-broom-Heze-FJ263622
Arachis hypogaea yellows-FJ263623
Eleusine indica witches'-broom-FJ263620
Physalis angulata little leaf-F1263624

T‘I Dioscorea opposita yellows-FJ263630
Ca. phytoplasma australiense-16SrXII-L76865
Ca. phytoplasma mali-16SrX-AJ542541
—— Ca phytoplasma aurantifolia-16SrII-U15442

100 L——— Ca. phytoplasma brasiliense-16SrXV-AF147708
Ca. phytoplasma luffae-16SrVIII-AF086621

Ca. phytoplasma ziziphi-16SrV-AY 072722
TE Ca. phytoplasma fraxini-16SrVII-AF092209
54 Ca. phytoplasma trifolii-16SrVI-AY390261
100 Ca. phytoplasma cynodontis-16SrXIV-AJ550984
4|£ Ca. phytoplasma oryzae-16SrXI-D12581
57 Ca. phytoplasma phoenicium-16SrIX-AF515636
Ca. phytoplasma palmae-16StIV-U18747
Ca. phytoplasma pruni-16SrIII-L04682

[
(=3

74

99

87

83

95

HE L Oy 00 5 1 FHLTR)AE b RO B AR 16ST RNA JE[XIJ7 %1 Inside of box are phytoplasma 16S TRNA gene sequences of collected samples

3 ET 165r RNA EEFFISHTH MEGA3. 1 K RF L BEH
Fig. 3 Phylogenetic tree constructed by MEGA3.1 based on 16S rRNA gene sequences from representative phytoplasma strains
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KRR 4 FHERAEDIBE. L2y, FEERR R
P gl O BRI BET U0 A R AT TRl
WPEEIIEE, GR TR, ARG A W) R
IRE A B R MR B U tf SR AR R R Ak

FITC %y (WARAH) , FHEXE PaWB-HZ M
PaWB-PY 12123 o (1) AH [R)A7 2 D) mp IO %2 21K & (1)
LGRS AR (58 ), At B PRV A oA W 52 2] el S
i (E4) .

A: {EEGEM; B: &Y PaWB-PY [IM; C: &Y PaWB-HZ HIEMT; Sk dR M 2R 9 TERI AL S,
A: Healthy paulownia; B: Paulownia infected with PaWB-PY; C: paulownia infected with PaWB-HZ; Arrowhead indicates the localization of emitted

fluorescence

& 4 PaWB-BJ #1 PaWB-HZ [B]$% F & K MERLE R
Fig. 4 Immunofluorescence detection by the EF-TU protein antibody in cross sections of PAWB-PY and PaWB-HZ infected plant

3 itig

AT FE R, 51 EER BRI 1L
B4R A AERE SR HH IR AR R A8 R T 16Sel-D W4,
1117 AT P S HSUARE T 0 16 26 RS (10995 S ) e =
AR 2H 16SrVD PURIE T 16SrIT 41 464 MK fit
JEARPHS G, e JUP R38R A4 5 A AH G
i, ST 16SrI-D AR AR 75 2 5] IX L R bk
TR 2 SR R M A AR B R S

—UCRF TR I, AT S 7 A TR i A K A
B fean s e b, fehgimit PCR-RFLP K £
A2k 6 FiAS[H RFLP 820k &R, {H 2 AME#AIER
PRI AT 1K) 94% A 23, SR AE — bRl R A T A
W11 16S tDNA J741 (¥ 2 FEME #4224 . At
FUPA ) B 58 P AL R 5 A i s 2
B85 RS ACE AN [ B R 1 T R IR P DA B
A A BE P A Y R R R AR K

EH AL RS R, 2Rk I A
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PR SR, R R oS AR KRN 1 5w T
O RS — A AR R B R 2 .
JEAR IR LR, L 25 (A H 5 W 5 T A A
BRI (R 3) , XTRES Wi K A K
LRI, T L2 R — 4w al s R DR, R
FERRRAR AW B 56 o AR BENS 5 A AL

A BRI BTG S5 SRR, T AR ST
25 RORCHL A BRSSP AR A I 2 B s
NI SEATER IS, DO W Bk BITE
(1) EL4% PCR S RN TUIGE J W, R AR5 [ (1
FALR I R s A E R AR RS, i
(I AR R I LR NRERER AR S 1A 2 AR 5
KRR BB IR, 3 LV 2 A W A (i
AEAEREA 2 H e A BRI 3 s 25 SRR S 1 1,
R B R SRR AR IR R, i AR AAE
R AR RE AR FFAGE I EE AR PS8 PR AR A — LR e R Dt
PRI AL 8, TR AR N R IR A
Gr R TR R, S0 T WA — R R AR P
TEHI MR A 504E REom, $A PCR H AR
HU I3 T BOL WS s R AR S AR T2 W st
MANEE ARG, 3L FRIEA wf EEdiikdt
AT IR e SR 45 R B, AU 2 MU
Al AR AR PG B 5 1 SR S 59, T ASBEM
HIEC PCR RN BHPE R RIS 450 S N
A S Rl ESI NN E S R 710 el 2 E R
RIS B R A ZA P IR AN 5

B IR AR ) AR F v, x4
7 AR AR (R AR T USRI AT R0 5 Bl
A A T LR S AR L AR X A
A R, AU AN A7 AR AL
AR K7 Tt B R TR T S AR B AT
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DR IOW AR, AR ReL LA AR SR =
(17 2 A AR 2 B R AT 6 CH LB A% 2008 4K
KERTERL) o AWITONME R PaWB AL AIAT 7 1
SR I R v T OB R 2K R SN BE N = 112
e A LAY S SR AR TSR BT 1T A8 %

4 ZEig

ARG IS 53 A 25 7 VE R A A i A ]
FAEAE I e 2 AR R RAAT T A . A
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