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[ ZE] [EMY ETEEEEREOSER Gp) M a5 R GecY) , W T B 178 KL AR 3 48 P Al i 1k
B A 25 fr . K36 SR BT L LU 7Y K 1L 7R 3 48 287 IX 09 T A% o £ BURE 5 8 DNAG 151 9 X5 rpFl.
rpF2 rpR1 I secF1.secF2, X} ZML JF AR A rp FE N secY FEF #EAT PCR ¥ 38 R IR 5 E 5 R Gk B 40 HT.
[45 R ARAS PR rp FeBE A secY SEB, K/ 9 1196 #1421 bp, JPF XS 45 SR R 81 BRVE | L 78 R 1l 4R
3 A AR AR rp ZEPIRT secY BTN B —BG RE KT 08 WL 3 48 19 2ORUR 14 5 ¥ Bk B8 B e 7 1k
(CLYS) FIBk A 28 A0 AR A2 B BE bk R (PY-InD W SR C R fwif . (538 Uk rp R secY JEBRAE A ELIR 16S rRNA SE K 43
KRG D57 TIEHE K BVE LS LR A RO BRI B B 16SrV-B 2R . B A =48 RO AR IR 4 0 &R

CREIRT RO AH S AE s rp LD 5 secY FEIH; )5 51 43
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Sequence analyses of rp and secY genes of
phytoplasma of jujube witches broom

ZHANG Lei*, HAN Xiang®,SUI Dan-dan*, WU Jing-long®,
WU Yun-feng®, HAN Chong-xuan®

(a College of Forestry,b College of Science ,c College of Plant Protection,
Northwest A& F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] The subgroups of phytoplasmas of jujube witches broom (JWB) in Shaanxi,
Shanxi and Shandong provinces were identified based on the rp and secY genes. [Method) Stem samples of
jujube trees with witches broom were collected in Shaanxi,Shanxi and Shandong,and the total DNA of each
sample was extracted by CTAB method. Primers of rpF1, rpF2, rpR1 and secF1, secF2 were designed to
conduct the amplification of rp and secY genes,the sequences of nucleotides and the phylogenetic analysis.
[Result) rp genes with 1 196 bp and secY genes with 1 421 bp of phytoplasmas were obtained. Sequences
and phylogeny analyses indicated that the sequences of 7p and secY genes of JWB phytoplasmas in Shaanxi,
Shanxi and Shandong were identical. The JWB phytoplasmas in Shaanxi,Shanxi and Shandong were phylo-
genetically related to phytoplasmas of cherry lethal yellows (CLY5) and peach yellows (PY-In). [Conclu-
sion) Based on rp and secY genes,]JWDB phytoplasmas in Shaanxi, Shanxi and Shandong were classified into
subgroup 16SrV -B.
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TS AP IEAR rp FER I secY FE TR ¥ 41 53 47 103

HR(Zizi phus jujuba Mill. ) 238 F (14 45 @ F1
R ER L IERFEEA 8 000 RAER ARG s,
FEE = A R R 9806, EBR R 5 & W
100 %, Y09 (Jujube witches’ broom,]WB) J&
P A AR T R A — b B R MR e o, — R AR
Sl AR R 30% ~80% %, 20 42 50 4EAL
[ A AR IT s o S HE AT 5 o 700 i 48 5 L () A%
0 W AT Lo E B IR AF 7 R AR K
JEEETH G SBARE VR 22 T 16S rRNA LR Ay
J7 91X A S AR 3 AT 03 ST ST R B A e ] i R
PR B AR K 43 3 16Sc VoAl IR E L T e
T 16S rDNA RS J3 31 A 3 K SF- i T 3k
FE B | Ll PG R Ll AR AT A A 1 3 26 b A R T
16SrV 4, Lee 5 %3, 2 H 16S rRNA K . rp
HH 5 secY F A 40 Hr, BE WS i iF 16Sr 41
WAHE W RFELBERTR . ROTEEET rp FEDIFI se-
Y FEIBAHH T REVE LI P L 1L AR 3 48 R A KOAE JE {A
M E R IR S5 R E W T

1R

L1 # #

e HE AR 1 R R 5 RE R B BRPE R T L Ll
Va2 3 A L R M3, pMDI18-T simple vector, H.
Q. . Q. B PG & R A A ) TR PR )
PR EL coli JM109 B #R A 78 6 AR MR R # 1 )
TRAP 22 B8 43 6 B 5 S5 30 % LR A7 . Marker 2 K%
TaKaRa 22 &l By DL-2000 1 Marker 3,

1.2 FRARMEE DNA BIRE

B DNA #2828 Ahrens 1 Seemillert™ ) 5
2 BRI A DNA FE SR AE T —20 CURFET % .
1.3 FIRBEERME rp FsecY EFAK PCR ¥ 1

Z: M 16Sr VA JFAR Y rp BEPIF secY JEPH Y
SN E R 5 SRR ET I, i R RS
rpF1,5-TCGCGGTCATGCAAAAGGCG-3';rpF2,
5-TTGCCTCGTTTATTTCCGAGAG-3';rpR1,5'-
ACGATATTTAGTTCTTTTTGG-3"; secFl. 5'-
GAATTAGAACTGTTTGAAGACG-3';secF2,5'-
TTTGCTTTCATATCTTGTATCG-3', rp 3£ H
FPo R S 1L 50 1 kY g DI & DNA
RN UL rpF1/rpR1 R 519556 2 IRY G LLSE 11K
PP AR LA rpE2/rpRT 51 4. secY LA
KM B # PCR ¥4, LLAE 9 & DNA iy 854l D
secF1/secF2 814, PCR F=H#E 1% 55 g b 5 e
R DRI . DA B AR AL S R Sy 9 X R AR

MRS B AL R 5 A BH X R
1.4 ZERFINERDH

glifk. PCR /=¥y FAL A= 9 TR AT IR w1
A AR & F O™ ) 5 s B 444 pMD18-T sim-
ple vector &%, ¥4k E. coli JM109 B2 &40, &
W BRI e S A AN B AL e . A H AR
J By A e R el R SR AR M BOR A IR W AT
A sE . FTEZ T H BLASTn %} GenBank % i
PEHEAT R IR % 546 2  DNAMANG. 2. 2 #f: 5 H 48 3
TR Y 5 o A AR rp FE RN secY FE Ay 51 5
CLH 16Sr V41 1 56 K3 0 2F 47 R0 R 1 L 3, 9145
RO R BN,

2 ZER 55

2.1 FREERME rp BEEBF IS

XEBRPE (PG L 1R 3 A XA SO R A
DNA #4172 8150 PCR ¥ 1y | BE A I 45 R R0, A
3 ANAX I ASPCRE i B DNA g 3% 8] 1 1. 2 kb
LEAT B AR A R R R AR S S . A
2 ki pMDI18-T simple vector H 3 3 3] 5 %
IKCRE i K/NAR R B 7=, 24 1. 2 kb, B A 1 & 7
Hbrsb R B (& 1D
M 1 2 3 4

5 6

2000 bp
1000 bp 1200 bp
750 bp
500 bp

250 bp
100 bp

BT AR ER rp e DR 0 g 5 e W) 445
1. PRk BOFE B A0 FE (PR XS IR 5 2. T 21 R 5
3. 4t FE AT A SR T (B T IR 54~ 6. 43591 g B PG L 1L 7
L 2R 4 008 B & s ML DL-2000 DNA Marker
Fig. 1 PCR amplification of rp genes of JWB phytoplasmas
1. Cherry lethal yellows disease (positive control) ;
2. Recombined plasmid;3. Healthy jujube branch

(negative control) ;4 —6. JWB diseases from Shaanxi, Shanxi,and

Shandong, respectively; M. DL-2000 DNA Marker

J 51 2 5 2R 36 B OO JEUAR rp TR R/
A1 196 bp(GenBank % 5% %5 :EU651838) ; DNA-
MANG. 2. 2 43 B 45 R R W 3% 7 91 A0 45 3 53
rps19.rp122 Fl rps3 FEH L X 3 NEEKF B LI UAA
VERZAE B T Hoh rpl22 1 rps3 BEH DL AUG
YE R IR RS F 43 A g fi 129 A1 252 R LR X
SO PR A 5 A A R AR AR L. AR P S 5 16Sr
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P AL AR AMRB 3 2222 4R (A SRR 2 B

12 %

VA JE AR rp B IR Y 5 — BodE 3 ik F) 96. 020 L)
b A5 16Sr V-B 4 Bk 2t B Ak (CLYS)
FIME A 2 Ak ED BE Bk 3R (PY-Tn) (9 — BB R 43 il

IKF] 99. 2% 1 99. 4 %0 . i 5 HoAth 16Sr HAH A rp
LR 3 ) — 2t /N T 86 % (£ 1),

x1 FRERGCEEMERE » BEEZRFIRSERFIIRRELS

Table 1 Comparison of rp genes and amino acid sequences of phytoplasmas of JWB and other plants
B A 16Sr 4-W. 21 (rp-I4) rp SR FEWE R/ % GenBank % 5% 5
Phytoplasmas 16Sr group-subgroup (rp-subgroup) Homology of rp gene GenBank accession No.

EY1 16SrV-A(rp-A) 96. 2 AY197675
CLY5 16SrV -B(rp-B) 99.2 AY197679
PY-In 16SrV -B(rp-B) 99. 4 AY197680
ALY 16SrV -C(rp-C©) 96. 2 AY197666
RUS 16SrV -C(rp-E) 96. 1 AY197668
PWB 16SrVI-A(rp-A) 86. 6 AY197682
LIWB 16Sr\VlI-ACrp-A) 85.6 L27027

ALY, R AL MUE R ALY $R 3R s CLYS. BB 8k CLYS #k R EYL. * Candidatus Phytoplasmaulmi” EY1 #% & ; PY-In. Bk # fb i

JER PY-In #k 5 s RUS. W85 5 4 i & RUS #% R s PWB. D4 3 AKE R LIWB. 22 IR R R . & 2 ),
Note: ALY. Alder yellows phytoplasma strain ALY ; CLY5. Cherry lethal yellows phytoplasma strain CLY5;EY1. ‘ Candidatus Phytoplas-
ma ulmi’ strain EY1;PY-In. Peach yellows phytoplasma strain PY-In; RUS. Rubus stunt phytoplasma strain RUS; PWB. Potato wit-

ches” broom phytoplasma; LfWB. Loofah witches” broom phytoplasma. Table 2 is same.

2.2 FRERE secY BEEBF T 534
YRV L P L AR 3 A X RO A R
DNA #47 PCR 4" 14, 45 5L 2 W], PRy L (h vy Al R
3 A8 I RO SR A secY FER K /N 2R 1 400
bp ., fd FEAE i R 7 3G 1R S 45, A BURL 4 PCR
P14 I 45 B KRR 724 . 2928 1 400 bp, 3 B
FHTEHAHBWIMNER B (R 2, X &H BB
() FE 2 JSOREI T, 25 SRR B 3 N I AR SRR se-

Y I K /N R 1 421 bp (GenBank % 5t 4.
EU651837) ;s DNAMANS. 2. 2 B4 #re B £ W . i
FEGIALIEEB S rp FEHH secY FEH L Hih secY JE K] 4
i 413 MR IR . 5 16SrV AL 40k &R ot e & B,
AR AR 16SrV 2 450k R I — 3Rk 976D I
Horp 50k 3% 5E 5 4k (CLY'S) TRk b 5 1k B BE bk £
(PY-Tn) il — P, 20 910 99. 6 %6 F11 99. 2%, T
5 H A4S AL — B ERTE 956 LA R (R 2),

F 2 FREREE 14 ANMERERR secY BEF 5B E IR
Table 2 Homology matrix of secY nucleotide sequences of phytoplasmas of JWB and other 14 strains
P T [fi] ¥ 56 % / % Homology relationship :
Phytoplasma  JwB CY PaWB ALY882 ALY CLY5 EYl EY-626 FD70 FD-C FD-D HDI PY-In RUS W?’,p82729
JWB 100. 0
CY 58.6 100.0
PaWB 58.5 98.7 100.0
ALY882 90. 0 58.6 58.3 100.0
ALY 90. 4 59. 4 59.2 96.7 100.0
CLYS5S 99. 6 58.7 58.6 90. 3 90.6 100.0
EY1 89.6 57.4 57.5 94.2 93.8 89.8 100.0
EY-626 89. 6 57.4 57.5 94. 2 93.8 89. 8 99.9 100.0
FD70 90. 6 59.2 59.0 96.7 99.4 90.7 93.8 93.8 100.0
FD-C 90. 1 59.0 58.8 96. 8 98.4 90. 2 93.8 93.8 98.4 100.0
FD-D 90. 3 59.2 59.0 96.4 99. 6 90. 5 93.5 93.5 99. 3 98.1 100.0
HD1 89. 3 58.4 58.1 95.5 95.3 89.5 93.7 93.7 95.3 95.5 95.0 100.0
PY-In 99. 2 58.8 58.7 89.9 90. 2 99.6 89.4 89.4 90. 4 89.9 90. 1 89.1 100.0
RUS 89. 8 58. 58.3 97.0 96. 0 89.9 93.9 93.9 96. 0 96. 2 95.5 94.5 89.6 100.0
SpaWDB_229 88.9 58.3 58.2 95.4 95. 6 89.0 93.9 93.9 95.7 96.1 95.3 94. 0 88.8 94.9 100. 0

T JWB. U A ; CY. 4576 3 1k s PaWB. 1 Hi AAREHE B 1A s ALY S82. FEB # fk b B i ALY882 ¥k R EY-626. iy 4 # fk Al [ 1k EY-626
# & ;FD70. ‘Candidatus Phytoplasma vitis” #f & FD70; FD-C. ‘ Candidatus Phytoplasma vitis’ #f & FD-C; FD-D. ‘ Candidatus Phyto-
plasma vitis” # % FD-D; HD1. £7 pf R JE /& HD1 # % ; SpaWB_229. i N5 AL K K SpaWB_229 Fk % .

Note:JWB. Jujube witches” broom;CY. Chrysanthemum yellows; PaWB. Paulownia witches’ broom; ALLY882. Alder yellows phytoplasma
strain ALY882;EY-626. Elm yellows phytoplasma strain EY-626; FD70. ¢ Candidatus Phytoplasma vitis” strain FD70; FD-C. ¢ Can-
didatus Phytoplasma vitis” strain FD-C;FD-D. ‘ Candidatus Phytoplasma vitis” strain FD-D; HD1. Hemp dogbane phytoplasma strain
HD1;SpaWB_229. Spartium witches” broom phytoplasma strain SpaWB_229.
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A5 AR JEAR rp FE DRI secY JE R FE 3 0 # 105

2 HRUHUREE secY B 15 PCR 574624
M. Marker 3 DNA Marker; 1~3. 23 3 B2 74 | 1L PG | LU R 0 4005
5 4. BBk BOVE B A0 R T CBH M X 1D 5 5~ 6. T 241 IR 5
7. el B AR R AR i (BT X 1D
Fig. 2 PCR amplification of secY genes of JWB phytoplasmas
M. Marker 3 DNA Marker;1—3. JWB diseases from Shaanxi,

Shanxi,and Shandong, respectively;4. Cherry lethal
yellows disease (positive control) ;5—6. Recombined plasmids;

7. Healthy jujube branch (negative control)

2.3 ENE R E R LB

FF 9 53 A A B0 BTG L 1L PE L I AR 3 48 AP AR 5
TRE rp FlsecY JERIFAIHE L — 35, A I DA R0 A
TRBE 75 #k & (JWB-Shaanxi) Jy {4 3%, ] JJ DNA-
MAN # 9t 47 2 58 % & 70 7 . 4% JWB-Shaanxi i)
rp MisecY JEFF4 73 5 5 16SrV 41 13 DRk R
FE B EAT L XS 048 R 48 kB RIR AL, 45 258 (& 3)
8] ,JWDB-Shaanxi # 25 CLY5 Hl PY-In 9 25 &
KARFT  RETEF —B P, B hve . I %R 3
A AR AR T B 16SrV -B 41,

0.05 0.05
| I |
_[: THE — SpaWB229
PY-In
CLY5 ALY
| RUS FD-D
RuSR 19 FD70
- ALY882 FD-C
D ALY882
L HDI [
[ oo RUS
L ALY — HDI
— 1 SpaWB229 EYI
SpaWB251 _| EY626
EYI
1 Evios JWB
PY-In
PWB2
(a) PWB (b) CLYS5

B3 HET 16Sr VAR rp ZEF (a)
secY FEPR (b)) J5 51 44 1 10 F 48 k& REAR R
Fig. 3 Homology tree based on rp and secY sequences of

phytoplasmas of 16SrV phytoplasma strains
N N j: N
3 heS4e

XEREPE L P AT AR 3 >4 AR IR 1Y rp Sk
PR secY e [R B e 103000 5 0 — S5k 70 M 45 2R 2 01
3 A AN AR (Y rp LRI secY J& [H 2 B¢t —

I H S 16Sr V2 (9 HEBk 2ot B Ak (CLYS) Ak
P AL ENEE AR R (PY-In) (35 4 56 Rl . R4 X
AR B 3 A I AU AR R 43 B 16Sr VB
2, I ZH K- B8 T HORORE AR 1 3 2 A
AR S IR EY N 16S rDNA F1 ru f 5 X
BRPG L Ll PG AT AR 3 A48 AR AR o 28 Y 45 2R —
B, BPIEAR secY FEH G rp FEH—FE, WEESE
PSLIRGR N e L DR ) TR SR O N E N B
16S rDNA K& K FZMEAR 8 1 48 R 047 00 2 1 —
DS LI — b R T SRR A Y U7

20 42 90 4EACE , B AT b5 4R & A 5 1A 8 A
5 58 32 i 7 R A S W o A e R R A AR X2
A28 He i WL, BLAE A XA 5 A B 93 JEE AR 1 R
P (IMP) (9 41238 - 4042 4 B4k L H 38 AR 302 A
RS FIBR TG 7 X TR T
R h WA BB secAl secY e i AR D,
Economou " A Ky FEANE . /DA 5 Fhph Sz a9 &
F 4t R G0 A X 28 R 48 P UL R B 0 W R X
R A AF R RE ST e A BT AR B 2E AT
W (Bacillus subtilis) 71 . B AW ERL W IA N B &
FE B . A R AR A AN RE L B
736 F 8 T RE 3 W T M 1 R B A A
XX secY JEP BB TE R 3 b B0 KA Bl T X A
JEAR 2 W R BB IR AR .

AHIESE WA T BEVE LIV LI AR 3 48 AU S AR
rp ZEPIA secY J ][] B — Bk IR rp BN
Hfz .
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