Research Paper MRS

WY 23R Acta Microbiologica Sinica
50(10) :1313 - 1319; 4 October 2010
ISSN 0001 -6209; CN 11 -1995/Q

http://journals. im. ac. en/actamicrocn

FRFERE uf 0 rp BRI EESF 55

XA A EEY R XE e HE R, R kAE
(" o G 66 8 B 2 0T 5 B B M A A BEF 9 AT, b it 100029)

C IR AR K2 L e R R R B, KD 410128)

O o E MO R 2 BF 5% I AR bR AR S PR B 5 A9 9 BT b s 100091)

3 WSRO R RSP S ER A (R (eI NS AN 0 = ¢ S R | A o A RS R W 2 N e R A
R IR FE 20 K7 Lo R — e (S KA o [ 7k ) R R 5 A48 T 519 fTufu/vTufu F rp (v) F1A/
rp (v) RTA S A0 5 Ry b b DX 4SO A L AR S e DR w5 DX RDAZ B AR 2 1 DX (rp ) 64T PCR 9 3 O 0E AT
K AT TR e 500 2 B AR IR 23 b7 o [ 45 51 ) 345 46 5 i X JWB-XFSZ #k & JWB-XFDO #k £ A B ] Jb #s X JWB-
TXSZ Bk 1Y tuf FEPI A B34 824 bp;db 5t b X JWB-XFSZ #k & (1) rp L FBE Sl 1196 bp, 2% 5 AL P
FERER W < ouf JETH 55 16SrV 20 1) 5 44 25 M5 ( Flavescence dorée ) MU YE 1, 1y 92. 84% 1 5 48 A A 1Y H:
B DX (BEVG 7 2 ) 1 IO AR AR suf FE D AR IR BCAIR, Oy 57.29% 5 & T rp FER, b 50 b X AL JWB-
XFSZ ¥k £ 5 16SrV 21 59 2K 2% 1L Ak & (JWB-Taishan ) LA Kz KR A6 4 JE AR (HFWB ) AH LR B v, 240
99.83% , 5 16SrV £H 1 B3 AR AP 7E 96% LI b o [ 4538 ] At 50 15 107 b b X 40 05 A J 4 H A 4 85 1 4 4B
PE, TAE tuf FE K b, 55 B0 Hly XA S5 A8t A 5 AT 85 R 22 S 5 AT 5 v b i 5 9T b TR ey X4 0 A
JFARIHJE T 16SrV 41,

KGR PO 5 AR wf FEDL rp BEDH R A A B

hEaSFEE: R37 Xk FRIRED : A X E4HS:0001-6209 (2010) 10-1313-07

¥ JF AR ( Candidatus Phytoplasma ) & — 25 JC 41 it
BE AR TR0 8 N 1 & PR A AR A0, 2 EARFE
W28 B UG ATl 2 22 RN IR AR,
EARY) AL AL AL IR R R N
SEARTY . RECHRIE 100 Z R Y Kk R E
SRR O, B AT R T B Rk
HT TR D A 18 AN R AT AR A1 35 37, 0 LA ) 2 R
W o AR, BEA 73 T AR W) o A R g A%
2 A28 ML TE 2% A PCR S H AR B 732 I I K st
THIRGE A X DA 1 e AN A 26 R A A
() — S LR 5 77 51, 41 - 16S rDNA J¥ 51 | 4% 88 4K 25 1

EETE B2 5 AT L BHIT 4L 55 (200810517 ,200810632 )

(rp) JE I A P 5~ (o) HE DY (16S-23S rDNA i) [X
J#% ( 16S23S rDNA spaceregion ,SR) %z & H
(SecY) HE[R LA K AP 11 (OMP) i DX 45, ) AR Jit
U3 RE S M5 34T PCR 373 1 RFLP 4347, ©
J3 Ay FE PR ML S G T R e i kL e
I, Wei AR U 28 23 A (19 46 I 46 16S rDNA J3 51,
TeRE A5y Hy 28 441,50 AL

IR (Jujube witches’ -broom, JWB) 2 Hi ## 5
PR 1 — ol BB I 1) 42 e PR 3, JL T 43 A1 T
PAh 32 SR R B X, AR — H R Gl 2 -3 4F
W77 IR R S BOR MR T P A i 2

CAEVEH . Tel/Fax: +86-10-64896608 ; E-mail: zhushf@ netchina. com. cn
VEF B A XA SO R TTmk . RS (1983 =), 5, Wi ARBHN B+ BF 53 24, B4 05 [0 W M) 40 B 2% , E-mail ; linwenlil23 @ 163. com; 2
WG (1982 — ) 2o, IR DT N B+, By BROF 5 5, 35 28 DS A 9 40 181 24 WF 5%, E-mail : kellymou@ yahoo. cn

W %5 H #5:2010-03-09 ; f& [B] H #§:2010-06-07



1314

Wenli Lin et al. /Acta Microbiologica Sinica(2010)50(10)

MANIE 7B BT 43 R LR LA By B < {8 B i B — 46 i
—AERACTE > K, B 1981 4FE E AT S
2 U U S T AU B SRR R EUUR LA [
A X AR B & A2 RN fE 3 PCR i TR I 45y i T
JETVFL 5. Jung XK @ HAFEEE 4 R
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Table 1  Primers used in PCRs in this study
Primer Nucleotide sequence (5’ —37) Size/bp Specificity Reference
fTufu-rTufu 20 Phytoplasmas (universal) Schneider et al. (1997)
fTufu CCTGAAGAAAGAGAACGTGG
rTufu CGGAAATAGAATTGAGGACG
rp(v)F1A-rp(v)RIA 22 16SrV:EY group (specific) Lee et al. (2004)
rp(v)FIA AGGCGATAAAAAAGTTTCAAAA

rp(v)RIA GGCATTAACATAATATATTATG

1.3.2 PCR ¥"#. WK H 25 pL K&, wf FEH
PCR Jx W & 1F }:94C 5 min; 94°C 40 s,55C 1
min,72°C 90 s,35 PMEH;72°C 10 min, rp H[H 1Y
PCR S 45 1 % 1 3B KU B S SOC A, Hoar JOny 2%
5 wf B —2

1.3.3  SafE M 50sE - PCR ¢85 1 A9 H AR =¥ i
TaKaRa 23 w] 4z 7 PCR 7 4y ] e 12851 & 20 Ak [m] i,
v B A pMD18-T Simple 2 fA& h, F F§ PCR S Ji 1
fif 1) 7 16 BH Pk 5 B, 1y 51 I 22 46 b T v B8 R R 4
WEFE O A RS 7] 58 1o

1.4 33 R B A H] GenBank %4l %2
HE BLAST £ 5 4 I e 25 2R ot 47 A0 L 1 4 &
(http://blast. ncbi. nlm. nih. gov/Blast. cgi) , i
DNAMANS.2.2 J¢ MEGA4. 1 34 i 17 AR UL 1 L 4
KRG RAEW R E

2 S RFpAH

2.1 tufBEEFFY 18
FAH R B 5] 9 fTufu/rTufu X JWB-
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XFSZ . JWB-XFDO LJ }% JWB-TXSZ ff) i DNA 17
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LUK EI ) o

v B wuf FER SN PS5 SRR, 3 AR R wf FE
KR B R 824 bp, dbaiHb X JWB-XFDO #k & (%
S H GU968759 ) 5 JWB-XFSZ #f & (% &
GU137287) 1) wuf J¥ 5 56 4 — 2, 1 ] Jb Mo [X JWB-
TXSZ (% 555 GU968760) ik R 7E 3 %y 5 g — 1> Bl K&
G AR A” o B JH KA (DNAMANS. 2) X i 5

(AT R P 9 E AT BRI AT X, 25 R 3 A
Tk 2 S IL TR A DL 100% | ¥ 4015 274 A~ 43K , 7=
Yok SE A R F EF-Tu,

FIH] DNAMANS. 2.2 #44 % JWB-XFSZ ¥k & |
JWB-XFDO # & 19 wuf FE R 7 51 5 HE © 4 94
JRAK cuf BERF A LEXE (36 2) 45 R R W5 16SrV 4
R 5 I DR R (B S AM939565) 1Y tuf A% AF
12 77 9] fic 30, AH AL 3K 92. 84% 5 Lk Oy 16SrVIT 41
FII B 35 AL A LI Ca. phytoplasma franxini (% 5% %
AY685053) Kz 16SrVIIL 4 22 JIN A Af JE AR (5 % 5
AF086617) ;5 16Srl £H P A4 AF J A FH AL 452 11K o

&2 JWB-XFSZ £ % . JWB-XFDO #k % tuf £ E 5 & AE R auf B E B ZEF R F FIE M LR
Table 2 Comparison of nucleotide of tuf gene between JWB-XFSZ JWB-XFDO and other typical phytoplasma in different group

16Sr group Associated phytoplasma diseases Accession No. Identity/ %
16Sr 1 Wheat blue dwarf (WBD) DQ507200 70.87
Paulownia witches’ -broom (PaWB) AJ271319 70.16
Mulberry dwarf phytoplasma ( MD) FJ844444 70.28
16Sr I Peach western-X disease (WX) AB095674 69.46
Tsuwabuki witches” -broom (TWB) AB095673 72.77
168r IV Palm lethal yellowing phytoplasma ( PLY) EU413952 72.52
16Sr V Flavescence dorée ‘ Ca. P. vitis” (FD) AM939565 92.84
Jujube witches’ -broom strain Shaanxi (JWB) EF088198 57.41
Jujube witches’ -broom strain WJWB (JWB) DQ919061 57.29
Jujube witches’ -broom strain bj (JWB) EU421731 70.40
Jujube witches’ -broom strain WJwb-Henan (JWB) FJ445391 70.28
Jujube witches’ -broom strain Jwh-Henan (JWB) FJ445388 70.28
16Sr VII Candidatus Phytoplasma fraxini AY685053 83.14
Aster yellows witches” -broom phytoplasma( AYWB) AY277404 70.75
16Sr VIII Loofah witches’ -broom ( LfWB) AF086617 77.56
16Sr X Apple proliferation (AP) AJO11104 70.55
European stone fruit yellows ’ Ca. P. prunorum’ EU103617 69.48
165r Xl Papaya dicback phytoplasma ( PD) Y18215 62.56
Candidatus Phytoplasma australiense DQ096804 70. 64
Red clover dwarf ’ Ca. P. solani’ EU814646 70.40

Ha A5 1 20 9 PO (JWB-XFSZ) tuf J7
H 5 2 5 GenBank By AU tuf B K7 51 17 41
Ik 5%, % B0 JWB-XFSZ bk 2 5 B 74 4 7 Hb X iR
NI B tuf FE ] (B SRS DQI19061 ) A L £ #5
i, ALK 57.29%

FIFH MEGA4. 1 4 %5 A IR AR cuf 56 DR A AT R
J¥ 9 #EAT 434, 3R A% JWB-XFSZ Bk & (JWB-XFDO #£
F LS JWB-TXSZ #k Z A1 HE 18 il J5 A ruf HE A
BHRIT 90 R G & AER (K 1), BB da] A,
JWB-XFSZ JWB-XFDO L) Jz JWB-TXSZ 9 3 b 5k

M — A3 3, 3 3 SRR RS A | A R
Candidatus Phytoplasma vitis(FD) ¥k & B 3£ % % & i
T, 1S AYWB fil WBD i fit . R, iX 3 MR
5 FD —#¢, B A8 T 165rV 41, [t ol LU
e PG, DX AU AR 1A (5% 545 EF088198) il iz &t
PN AL AR (8 35 DQI19061) fYy wuf K& K 5 1
B 19 PR AR BB, X 2 AR A kR
FHHEHBEARGCRBIL,
2.2 ZEGEE(rp) FIY G

3 $ AL 50 B DR Bl A R At B T 0 1
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100 | Western X disease phytoplasma (AB095674)
L Tsuwabuki witches-broom phytoplasma (AB095673)
100 [ Cadidatus Phytoplasma prunorum (EU103617)
| - Apple proliferation phytoplasma (AJO11104)

99 I Cadidatus Phytoplasma australiense (DQ096804)
Papaya dieback phytoplasma (Y18215)
Cadidatus Phytoplasma solani (EU814646)

96 100 Mulberry dwarf phytoplasma strain XTXT (FJ844444)
100 |_[ Aster Yellows phytoplasma strain PAWB  (AY277404)

t Aster Yellows witches-broom phytoplasma (AY277404)
87 Wheat blue dwarf phytoplasma (DQ507200)
100 [ Jujube witches'-broom phytoplasma strain Shaanxi (EF088198)

L Jujube witches'-broom phytoplasma strain WIWB (DQ919061)

1 EF2l MEREufERREEEFRFIFEREMBAE

Fig. 1 Phylogenetic tree constructed by parsimony analysis of tuf gene nucleotide sequence from 21 phytoplasma strains. Bar,5 substitutions

in 100 nt; Accession numbers are shown in parentheses; Numbers on branches are confidence percentages obtained from 100 bootstrap

replicates.
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99.08% fg AH L%, F WA JWB-XFSZ ¥k & Al AR ¥5 mp
B R4 2] 16SeV 4
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16S rDNA J& 5 4% A= 4 Yo 0 44 5 X 4 v i) — b
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F(EF-Tu) wf Fe W T Z A6 TR AY P, 24
Y ) B R A B IR A s A P AR SR B R AR
MR (3L (rp ) S M D4R HE AT A 1) — A B
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FIF tDNA HE R 5 X 40 1935 2 bk R ik g™ .
wuf B PR rp DR AR EL AT AR SF M B AR SR R A4 4y
KM ARG K E WM — AT EEARIC , H LR mp
FEPI L 16S rDNA FEP 9 )57 1 7T A8 Mo, O 7 AT,
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Jujube witches'-broom phytoplasma strain Shaanxi2 (EU651838)

Jujube witches'-broom phytoplasma strain XFSZ (GU170400)
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Jujube witches'-broom phytoplasma strain Pingyi (FJ154853)

g5 || Juiube witches'-broom phytoplasma strain Taishan (FJ154854)
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99 82

54 24
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Hemp fiber witches'-broom phytoplasma (EF029093)

Cherry lethal yellows phytoplasma strain CLY5 (AY197679)

Peach yellows phytoplasma strain PY-In (AY197680)
Cadidatus Phytoplasma ulmi strain EYCZ1 (EU116428)
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Spartium witches'-broom phytoplasma strain SpaWB229 (AY197672)
Candidatus Phytoplasma vitis strain FD57 (EF581167)
B Rubus stunt phytoplasma strain RuS400 (AY197669)
Potato witches'-broom phytoplasma strain PWB (AY197682)

Pigeon pea witches'-broom phytoplasma strain PPWB (EF193383)

58 — Carludovica palmata leaf yellowing phytoplasma strain CPY (DQ318239)

Iy S— Coconut lethal yellowing phytoplasma strain CLY-Hon (DQ318238)

— Cotton phyllody phytoplasma strain CoP (EF186814)

100 L Faba bean phyllody phytoplasma strain FBP (EF186817)

r Peach X-disease phytoplasma strain CX (EF186813)

100l Walnut witches'-broom phytoplasma strain WWB (EF186812)

— Aster yellows phytoplasma strain Chry (AY183696)

100 L Leafhopper-borne phytoplasma strain CVB  (AY264865)

B2 JWBXFSZ#RZRSHTEHERG p ERRRETRFIRGER ERMMERE

Fig.2 The phylogenetic tree inferred from rp genes of JWB-XFSZ phytoplasma and other phytoplasmas. Bar,5 substitutions in 100 nt; Accession

numbers are shown in parentheses; Numbers on branches are confidence percentages obtained from 100 bootstrap replicates.
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B2 58 K2 .7 DNA 210 PCR S5 3 #& b £7
ENNIRZE . AT G AT B A0 tuf 3 KOk [ b
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Cloning and analysis of fuf and rp gene of the phytoplasma
associated with Jujube Witches’ -Broom

Wenli Lin'?*, Haiqing Mou'*, Wenjun Zhao', Qicong Xu’, Guozhong Tian’,
Xiaolan Liao®, Shuifang Zhu'®

('Institute of Animal and Plant Quarantine, Chinese Academy of Inspection and Quarantine, Beijing 100029, China)

b

(*College of Bio-safety Science & Technology, Hunan Agricultural University, Changsha 410128, China)
(’Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Beijing 100091,
China)

Abstract ;[ Objective ] Jujube witches’ -broom (JWB) is an important plant disease caused by phytoplasma. The major
objective of our research was to classify JWB in Beijing and Hebei districts and to provide reference for classification in
subgroup level. [ Methods] By use of PCR, the elongation factor Tu (tuf gene) and ribosomal protein (rp) gene of
phytoplasma associated with JWB in Beijing and Hebei districts were amplified separately with universal primer pairs
fTufu/rTufu and rp(v) F1A/rp(v) RIA. Partial tuf gene and rp gene were sequenced and similarity analysed with other
phytoplasmas. [ Results ] We obtained partial tuf gene sequence (824bp) and complete rp gene (1196bp) from the
diseased sample. In tuf gene, JWB in Beijing shared most similarity (92. 84% ) with Flavescence dorée ( FD)
phytoplasma ( Candidatus Phytoplasma vitis) , however, shared a low similarity (57.29% ) with JWB in Shaanxi district
which had been already reported . The similarity analysis for sequences of rp gene showed a high identity( > 96 % ) with
members of the 16SrV group phytoplasmas. It shared most identity (99.83% ) with JWB strain Taishan and Hemp fiber
witches’ -broom phytoplasma (HFWB) of the 16SrV group. [ Conclusion] The JWB strains in Beijing and Hebei are
members of 16Sr V; JWB in Beijing and Hebei share high similarity, and show a diversity with JWB in Shaanxi.
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