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Table 1 The information about the JWB samples in this paper

Province  No. Cultivar Resistance’  Symptoms®  Sampling site Sampling date
1 TXDOCH B 440 S WB Tang county(J# H) May 2008
2 TXCHCOR B 2040 R WB Shijiagou, Tang county(fH £ 52 K VAAT) Aug 2008
3 XYPZAT & B4 S WB Xingyinggou, Tan countyC B AT E VIR ) Aug 2008
4 TXPZCJH HL A S WB Shijiagous Tang countyCfH £ 32 ZK VA A Aug 2008
5 ZHDACEE 2 KH) S WB Xuting, Zanhuang county( % & FL 52 H1) Nov 2008
Hebei 6 PSHPC- Ll 47 il 45 R WB Wangjiagou, Pingshan county(*F- 1l & F KK Nov 2008
Garde) 7 XTLZAT JH LA S WB Wuzhuang, Xingtang county(fT JH B 54D Nov 2008
8 FPHPC R A7 il 40 R WB Fuziyu, Fuping county( 5P EL AU AT Nov 2008
9 XTPZAT 40 S WB Wuzhuang, Xingtang county(fT & £ iU Nov 2008
10 ZHSZ(HE LR AL S WB Xuting, Zanhuang county( %% & FLF 5251 Nov 2008
11 TXSZCH EL 40 S WB Shijiagou, Tang county(fH £ 52 ZKVAAT) Nov 2008
12 XFXZC PG U L /240 U WB Xifengshan, Changping district( Z>F PG 111D Aug 2008
13 XFDOC PG U [ 4-540) S WB Xifengshan, Changping district( & ~F PG U 111D Aug 2008
14 CPLZ( BT AL % S WB Changling, Changping district( 2~ X KB ) Aug 2008
15 CPMY( 1 5 2 40) U WB Qiyuan, Changping district( 2~ X E LAY ) Aug 2008
Beijing 16 HDDOGHRE 420 S WB Sujiaduo, Haidian districtCHFE X 75 Z B Jul 2008
e 17 HDDMC g 3¢ 440 S M Sujiaduo, Haidian districtCHEE X 757 8D Jul 2008
18 PGDOCT- A 4 4) S WB Jinhaihu, Pinggu district(F-4 X 451150 Otc 2008
19 PGLZCT B4 S WB Jinhaihu, Pinggu district(*F> % X £ i3] 80 Ote 2008
20 BILZCAL 5T S WB Xuanwu district( 75X ) Aug 2007
21 BSDACIB B K240 U WB Xuanwu district & LX) Aug 2007
2 YCXZCIZ WA S WB Yanhu, Yuncheng city(iZ 3 £ #]1X ) Nov 2008
23 YCIZGE 33 S WB Yanhu, Yuncheng city (23 £ X Nov 2008
24 JSBZ(FE A4 R WB Yaocun, Jishan county (Bl ELBEAD) Nov 2008
Shanxi 25 LBDACR 5 KH) R WB Yuecun, Pinglu countyC Bl E-4Y) Nov 2008
QUITp) 26 YILZOKBFALA) S WB Taining, Yongji county(ZK B T4 Nov 2008
27 YILZCK G AL S WB Zhaofang, Yongji county(FKIFE XA ) Nov 2008
28 JSSZ(R LR A S WB Yaocun, Jishan county( 4 th £ &A1) Nov 2008
29 YJHMOK G340 ) R WB Taining, Yongji county( 7K ¥ £ K 344 Nov 2008
Henan 30 PBHS i % ﬂfz‘zfs) S WB Puyang city (VBH Fﬁr&L) Sep 2007
R 31 TBDACHI 1K) S WB Liaohes Nanyang city(  BH 17 9 i 4 Nov 2008
32 7SSZC LR A S WB Luoyang cityC i BHJ& 1l 24 e Nov 2008
Shandong 33 NYCHC T B 2148 R WB Geshi, Ningyang county(7*FH 25 1 81 Jul 2008
L% 34 NYYHC7*BH Fe 2140 S WB Geshi, Ningyang county(7*FH 25 A ) Jul 2008
'(]';n;“) 35 JADAGH %2 KA U WB Ji an city(F %) Jul 2007
(T;t‘:g 36 TIDOCKHAH) s WB Machangdaol FHETT T 1738 Jul 2008
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U, Unknow;
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+WB, Witches’ -broom: M, Mosaic.
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Fig.1 PCR amplification of 16S tDNA from jujube witches’-broom phytoplasma. M. DL plus2000 Marker ;

1-36 Jujube witches’-broom( Table 1); 37.

Paulownia witches’-broom as positive control; 38. Healthy jujube as negative control; 39. Double distilled water as blank control.
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El2 FEFERE SR {85
Fig.2 PCR amplification of SR from jujube witches’-broom phytoplasma. M. DL plus2000 Maker; 1-36: Jujube witches’-broom (Table 1); 37. Paulownia

witches’-broom as positive control; 38. Healthy jujube as negative control; 39. Double distilled water as blank control .
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Fig.3 PCR amplification of secY gene from jujube witches’-broom phytoplasma. M. DL plus2000 Marker; 1-36: Jujube witches’-broom (Table 1); H.

Healthy jujube as negative control; W. Double distilled water as blank control.
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IWB CEFM61S 8173, Lisoninyr

IW B -Jiveang(EU999738] . Shandong
IW B -Gyeongbul(AF279272) . Korea I
TWD{AT303240)
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WIWBPY -cloncl# . Ilenan

WIWERPY-clonel# . llenan

L
JWBOAF-clmedy :

b

JWBOAF-clonel

IWB-Zhnoyuan{EL999740) . Shadong
JWB-GHul(ABUS2876). Japm i

WIWDPY -clone™ , Tlenan

IWB-lvmgqin FI1548471 « Shandong

JWDBPY-clmes . llenan

JADA-clone o i
“

JW B CAF-glone2l : . 11

IWBUAF-clomels ¥

I B -Faozhoangy EUS9747) . Shandony

JWER-Linyii 131815 . Shandong

WB-Taian(L 1989711} . Shandong

WIWTPY -clone2: . Tlenan

IWBEFDE1911 . Shandong i

JW B -Cyeomebukf ABDS2879Y . Korea T

JW DR -Tukunit ABDS287E) . Japan

0.0025 0.0020 000135 00010

0.0003

TWTHTTI65183) . Shanxi 11
TWT{AYOT2722) , Korea
TWBDOUI9060) . Shanxi
0.0000

B4 ETHERHERAE 165 rDNA F3IH952 8 REH LA (MEGA 3.1
Fig.4  Phylogenetic tree based on 16S rRNA sequences of JWB related phytoplasmas constructed with the MEGA 3.1. * , The 30 sequences that share 100%

similarity, contain 26 sequences obtained by direct sequencing of PCR products and 4 sequences obtained by sequencing cloned PCR products (JWBXS-clone4

# 5 WJWBXS-clone2 # , WJWBXS-clone3 # » JWBPY-clonel # ). ', Sequence obtained by sequencing cloned PCR products from PuyangCifFH1), Henan(ii

)5 ¥, Sequence obtained by sequencing cloned PCR products from Xiangshan(7¥ L1 Dand Chinese Academy of Forestry CHEMEE), Beijing(Ab50) .
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PEFAB IR T 515 AR 10 25751 2 18] WA AN [F) R B2
(RIBRHS 22 53, P 4 22 T (R B 22 5 0 1 ~ 5 A, 3
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R2 BIEEMRENFRSHER SR F5 165rv BEEHERK SR 75789 ELER

Table 2 Comparision between SR sequence of JWB by direct sequencing of PCR products and sequencing by cloned PCR products as well as some
phytoplasmas in 16 SrV

Sequences Position
23 37 69 75 76 79 82 83 107 163 167 169 177 197 203 212 213 214 216 235 248 249 250 268 269

JWB-The 30 SR

. ¢ T T € A A A A AG G G A AT /v [/ [/ C A G A T A G
sequences
JWBXFXZ-clonel # ¥ C T T C A A A A G G G G A A T / / / ¢C G G A T A G
JWBXFDO-clonel # ¢ T T ¢ A G A A A A G G A AT / [/ [/ C A G A T A G
JWBCPLZ-clone2 # ¢c ¢ T cC G A A A ANNG G G A G T /4 / C A G A T A G
WIWBPY-clonel # c T € ¢ A A A A AG G G A A T / / [/ C A G A T A G
WIWBPY-clone2 # ¢ T T € A A G A A G G G G A T / / / €C A G A T A G
EY-AF189214 T T T C A A A A A G A G A A A A C T T A G A T A A
FD-AF176319 c T T T A A A A A G A G A A A / / [/ C A G A T T T
BiWB-EF432569 ¢c T T € A A A/ A G G A A A T / / [/ C A A G T A G
RS-Y16395 ¢c T T T A A A/ A G A G A A A / [/ [/ €C A G A C A T

5 The 30 SR sequences that share 100% similarity, contain 20 sequences of direct sequencing of PCR products and 10 sequences of cloned PCR products
(BJIZ-clones NYCH-clone, TXDO-clones TJDO-clones CPI1Z-clonel # 5 XFDO-clone2 # » XFXZ-clone2 # » WJWBPY-clone3 # » JWBPY-clonel # » JWBPY-
clone2 # DEY; Elm yellows: FD, Flavescence doree; BiWB, Bischofia polycarpa witches’-broom: RS, Rubus stunt;

JWBPY clone24’

4|E The 30 sequences®
— WIWBPY-clonc1#
XFX7-¢long &
— XFDO-clone 1
LBivw B(LI432569)
CPLZ-clonc24y
Clm vellows(AT 189214}

| ———— (A Phytoplasma ¥itis(AF 1 76319)

L Rubus stun(Y 16395

T, Sequence obtained by sequencing cloned PCR products;

{].0.12 {].UIH} U.(;{]H {].Ui]f) U.(;{H- U.(;(]E {].UI{]U
' 5 BT 10 FEMNFERIK SR FHIHEE R Gt (L
Fig.5 Phylogenetic tree based on 10 SR sequences of JWB related phytoplasmas constructed with the MEGA 3.1
%5 The 30 SR sequences that share 100% similarity, include 20 sequences of direct sequencing of PCR products and 10 sequences of cloned PCR products
(BJLZ-clones NYCH-clone> TXDO-clones TJDO-clones CPLZ-clonel # > XFDO-clone2 # » XFXZ-clone2 #, WJWBPY-clone3 # , JWBPY-clonel # ,

JWBPY-clone2 # ). ¥, Sequence obtained by sequencing cloned PCR products; BiWB, Bischofia polycarpa witches’-broom.

AP AR secY 2 K5 BE 34k (Peach yellowss EU651837 Al Lee 251 138 ) AY197695 F 4 3 1% )7
AY197694) secY FE R IE 72 50 11-14 A, [RIJEME A HIRIETE A 100% , AT AZ 1 1R P 41 2 18] ) 4%
98.999.2%, 15 ) £ ¥ Bk B JE 35 4k ( Cherry lethal 75 3 Ab 225, %500 1 I 1) JEMEAE — E R B 4Ede T
yellows, AY197693) secY HIHHHE 72 7 4 5-8 1>, F¥ 4 BRI OR <3 M5 5 AWK I 2 25 1R 3 91 22 [F) A7 A1
[FIYSEPER 99.4-99.7% , 52K secY (AY197695) [AIHK 2 ~ 4N IEMR 2 5, [RIEPE 99.6 % 3 AN S5 14 1 1
FEZEFN 144, FPHIFVEPEN 99.7-99.9% « ARG #E secY ZIER TN HGHEHAL secY Z IAIFFALE 10 ~ 11
AL BT I, A JGAR ) secy BEPR IRALER B ANEIER 2= 5, F I FIVETE 99.29%, S5 HE L i
BUN, PP 58 4 — BUR 8 AWK secy FERI P A AUAFEAE 4 ~ 6 NEIEIR 2 5, TR TETE 99.59% (%
(6 11 the 8 sequences) R T AR Jot 44 o 3o TPHRKLL BRSO BE 2 38 AMHREE T sk 2%, {15
LS H) secY BIBRIEFEIPIRAS, P AE AN E &3 T AE S 15 MR RT R B, PR A
DX R AR AEREA AR T 20 A EE B 2 B8 BT IR UE bk e e o 888 MBliE T B2k, P 8L 1% 1Y 14
DR AR S TR L LR R T VU I B AREE AL 45 901 MR BE AL S AT H BL. T secY ZIETR T4
AT, P-4 DXORH BT DX (1 T A 5 T R e A P 0 A (1 RGO S5 AKHE sec Y 3 DAZ AT R P 504 HE 1)

XF secY 2R T AT R I, ABEFC 114 BRI A — (& 7).

AP SR A B AR B T i e R 1 Bk 08 A RO
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NYCIT-clane |, Shandong
4‘ the ¥ sequences*
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Fig.6  Phylogenetic tree based on 15 secY gene sequences of phytoplasmas constructed with the MEGA 3.1. *, The 8 Sequences that share the 100%

similarity in the secY gene: CPLZ-direct sequencing of PCR products, HDDO-direct sequencing of PCR products, JADA-direct sequencing of PCR productss

TXDO-direct sequencing of PCR products, XFXZ-direct sequencing of PCR products, CPMY-clone; TJDO-clones XFDO-clone. 5 Sequence obtained by

sequencing cloned PCR products; ¥, Sequence obtained by direct sequencing PCR products.
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Table 3 Differences of deduced amino acid sequences between secY gene from this research and 16SrV group

Sequences Position

49 55 134 139 169 187 192 206 215 231 262 281 374 375 379 383
JWB EU651837 v S F S N F S I T I N I S T N G
JWB AY197695 \% S F S N F S I T I N I S T N G
The 8 sequences ™ \Y S F S N F S I T I N I S T N G
PGLZ-clone’ v S F S N F S I T I N I S T N G
BSDA-clone \ S F S N F S I T I N I S T N G
BJLZ-direct* \Y S F S N F S I T I N I S T N G
XFDO-clone2 # * v S F S N F S T T I N T S T N G
XFXZ-clone v S F S D F S I T I N I S T S G
TXDO-clone’ v S F S N F S I A I N I S T N G
PBHS-clone” v S F S N F S I T I 1 I S T N G
TXCH-direct* v S F S N I C I T I N I S T N G
PY-AY197694 L P L Y N F S A T X N I 1 K N S
CLY-AY197693 L P F Y N F S 1 T I N I S K N G

', 8 sequences that share the 100% similarity in the secY gene: CPLZ-direct sequencing of PCR products, HDDO-direct sequencing of PCR products; JADA-
direct sequencing of PCR products, TXDO-direct sequencing of PCR products; XFXZ-direct sequencing of PCR products; CPMY-clones; TJDO-clone; XFDO-

clone; ¥, Sequence obtained by sequencing cloned PCR products: *» Sequence obtained by direct sequencing PCR products
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Fig.7 Phylogenetic tree based on 13 amino acid of secY gene of phytoplasmas constructed with MEGA 3.1.

“» 8 sequences that share the 100% similarity

in the secY gene: CPLZ-direct sequencing of PCR products; HDDO-direct sequencing of PCR products, JADA-direct sequencing of PCR products, TXDO-

direct sequencing of PCR products, XFXZ-direct sequencing of PCR products; CPMY-clones TJDO-clone; XFDO-clone. ' Sequence obtained by sequencing

cloned PCR products; *, Sequence obtained by direct sequencing PCR products.
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Molecular detection and variability of jujube witches’-broom phytoplasmas from
different cultivars in various regions of China

Qicong Xu', Guozhong Tian', Zhengliang Wang?, Fanhua Kong’» Yong Li', He Wang*

(! Research Institute of Forest Ecology, Environment and Protection, Key Laboratory of Forest Protection, State Forestry
Administration, Chinese Academy of Forestry, Beijing 100091, China)

(? Institute of Forestry Protection, Hebei Academy of Forestry Science, Shijiazhuang 050061, China)

(® Taian Academy of Agriculture; Tai’an 271000, China)
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Abstract: [ Objective ] Jujube witches’-broom is an important disease in jujube cultivation areas, which causes serious losses in
jujube fruit production. To understand the genetic variability and diversity of jujube witches’-broom phytoplasma population from
the different cultivars and various regions of China. [ Method] We collected 32 samples from 14 cultivars or wild sour jujubes in
7 regions of China and detected them with PCR with the primers R16mF2/R16mR1 for phytoplasma 16S rDNA, SR1/SR forl6S-
23SrRNA space region (SR) and FD9f/r for secretion proteins C secY) . The direct sequencing of PCR products and sequencing
by cloned PCR products were used for sequence polymorphism and phylogenetic analyses by comparison to the databases of known
conserved gene sequences. [ Results] We detected phytoplasmas by PCR amplification of 16SrDNA from all the diseased jujube
samples. All the phytoplasma isolates infected various jujube cultivars belonged to subgroup 16SrV-B of elm yellows group and
had closer homology with Bischofia polycarpa witches’-broom and cherry lethal yellows phytoplasmas occurred in China than other
16SrV phytoplasmas in other countries. The sequence polymorphism at different extent in 16SrDNA, SR and secY gene and
genetic diversity were revealed in phytoplasma strain population related to different habitats; among which the dominant strains
were always detected by the direct sequencing of PCR products in all the diseased areas of China. The degree of variability on
secY gene of collected phytoplasma strains was greater than that of 16StDNA and SR sequences> and some base substitutions
could not alter encoded amino acid> however certain single base deletions detected in a Shandong and a Beijing strains may have
impact on the gene structure or function. [ Conclusion ] Phytoplasma strains from different cultivars and regions show dramatic
genetic diversity. Compared with direct sequencing of PCR products, the sequencing by cloning PCR products was more useful
for the displaying of variants and phylogeny in phytoplasma strain population.

Keywords: Jujube witches’-broom( JWB) phytoplasma: 16S rDNA; 16S-23S rRNA space region (SR); secretion protein gene

(secY); molecular variability; phylogenetic analysis
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