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2 F HARA.BREXE.K ¥, kXA
OB BAR2E RIYF =B B SO A F AR W 254 16 T 2 A T 5 S0 50 %5/ S e 60 SR A0 s 8O AR B
S5WMTHAREF BT BES TR E IR RI/R 843300)

W OE RGO 7 A DI AR B9 A ] RO SR T R R AR SR DL A T AR AR B R G AT S
it CTAB &SI S DNA XTI 168 rRNA PR tuf £ HEAT PCR &7 8% % 007 75 20 19 3 B 1 Bd
3 Blast Foxf . [6) IR 1 35 . 40 22 R e 3 A W A 16S rRNA K3 RFLP 4387, 45 5 WK, PCR #1443 B 3515
16S rRNA(1 238 bp) Al tuf (824 bp) MY K B, UE Bl i 9k F 5 48 JE K A 0G4 Ho Ay 4 o 40 g 46 A8 ) A {4
(WPP);16S rRNA JF5 /30 #r % , WPP 5 i Bk 3 L # AR (¢ Prunus persica’ yellows phytoplasma) , %KX
5 (¢ Ziziphus jujuba’ witches’-broom phytoplasma) , 7 4 % %5 M #i JF /& ( Apricot leaf roll phytoplasma) [f] J&
PEH5H 99, 68%516S rRNA 1 RFLP 20 #7 45 £ W, WPP 5 3K #k &R (GenBank % 5% %5 . AB052876) 5
99. 8 %6 I AH LY , B4l RFLP #ix0 55 16SrV-B W41 19 2 2% K xCAH [R], AH 8L R 400 1. 00, #F — L UEB] WPP 4
16SrV-B LA 5 . WPP ruf FN SR EALA (EY) F M5 99% DL b, R 58 dh Ak 5o, MR 45 78 - 4

JEAR S AR B AL (16Sr V) RL IR R SRS — A, MR AE A2 M4 R AR T 16SrV-B.tuf-B W4H .

KR MR AR 442 5168 rRNA 2w f
FESERS S432.1 XEkbRERL A

MR (Willow) & # 8l B (Salicaceae) , # &
(Saliz) BB, B I RS , 272 520 Fit,
MR A rp AR B Dy s A&, e E A A e, B
BORIG SR 250 Z R0 MR A ARYE T, &
Tz s AALA] DAAE S AR B %6 U5 38 W T el b
Ak | B X 0 15 24 25 43 ek, 4 ) 0 T SR X
Tk in B HEAE . BLAh, i TR AR Ok Bk
RE VRt L A0 A AR R R R, AR i R R A LX)
T S e A AR 0k UE L B VA B R TR
g,

# JFK (Phytoplasma) & —28 LM% 4 T
Yro) B AR e H R R, B T DL AR
APl R 35 0 JEAZ AR s 32 R i X g R
CRml, ) L4 B IRE &7 2Bkl ik
1000 ZFkE, P ECIREMNA 100 ZFY, E
S HE B ZAE Y AT AL R AL 22 SR AR
Gy N N e o IR S DN 53
99 7 T [ PG b 43 b XS % A HOR L SR AUE

WHsBHEE:2021-05-13 BEBEHI:2021-08-23

NEHRS

1004-1389(2022)10-1374-07

PO DL IE . 1992 4F F 4l A 450 3 B 7 i
55 X T AR A s D R AT W) 0 WL S S E L A
AR IR R ZE R AR (Mycoplasma-like Organ-
ism, fiiFK MLO) ., 2005 454 KA X R [ 3 5
AR 2 A el N 8 A AR 6 742 it A D A 3 R AT T A
T UE B E T AL L IR A 44 S MR AE
75 A JR AR (Willow phyllody phytoplasma), 28
VA ST ARG T T R I S0 RS 3R B A /N
I RIS 2 398 B A5 IR L O X AT B IR R R BT
Zhang %5 % P 52 SRR 2 407 i 3 B4 GE A A A 1
WA BEAT 1 3 A6 DU R S8 5 I B WK v A0 A
FE A % B 16SrVI L™, [ P iR IE A
RS T A2 3 B DAL L B 728 I R HE B A1, Wed 4H
1 TE £ I VA9 RS AL B4 i S Ay e R Y AL RE IR
AN, Mou 451 76 = m A Je it H R BT /A
(Salix tetradenia) M 5 WG . B 0] 38 1o %
95 B RS A TR g O AT BT R
ECL P T 45 i, DX 9] e B, MR A8 722 i R A A
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FE B 8 25 W 38 o 2 Ak . AR SR LR L Ay A
B S BT A0 AR AR AR o e TR R 16S
rRNA fil tuf HeH — BN WERGERKEW
W 53 2 B0 20 K -, IF 43 H7 AS [8) b DX WA A8 A8
MR R 16S rRNA R 22 55 1 DL 3D A i A
R AR FE B iR e it =%,

1 w57

L1 # 8

SR FURIE T B0 37 2R 77 L W A 90 42 B v BT
BTN E e R= N I N R =% S N AN}
) 2% IR A6 8 I RN ASERE AR B MIARS . B o A 25
B, 2 KR KA BRI, WK 4008 1K 43, B 3 4¢
TP BT —80 CUKAH . & . FH A X IR RO
(*Jujubew Witches’-broom Phytoplasma) £ i ,
H 1L 2R 48 S BIF 5 B e B B 9 D4R iR, Taq
DNA Polymerase,dNTPs(2. 5 mmol/L) 1 10 X
PCR buffer 1§ Bt 5 & &4 W H AR AH R A A,
DNA Marker 2000, DiaSpin & P & M 5|9
Bl E Ly TRARA .,
1.2 DNAEE

B0.1~0.2 g Mt B B 2H 2L, R ] CTAB
BB DNAM? 0 S ] Thermo ND-2000 f#
HATEC R TR I DNA MR B Bl i b BE I FL UK

Kl DNA 58 % 4, o & 0 5 4% 19 DNA & T
—20 CHRAF. % H.
1.3 16Sr RNA #1 tuf EE PCR ¥ 1

FEJF R 16Sr RNA B[ P4 % i Lee &0
1 Gundersen ZEH I i 38 (79 A8 5 @ A 51 9
R16mF2/R16mR1 1 R16F2/R16R2 43 547 E
% PCR M PCR, tuf P34 K JH Schnei-
der 251 3R GE (Y 51 W X fTuf /v Tuf, 519 5 51 4N
TR D, RRBRRE R 25 pL.HH 10 X PCR
buffer 2. 5 pL. 10 pmol/L 5l #) 4 1 uL. 10
mmol/L. dNTPs 1 pl, Tag DNA % & [
(5 U/pl)0.5 pL Mt DNA 1 pl., B4 PCR 2%
5 B PCR =5 B 30 £5, B 1w 7E ly %
PCR #H ., 16Sr RNA K 4% PCR ¥ 14 ) Ji
MR 94 °C WA 3 min; 94 C ZE M 30 s;
55 CiRk 30 s, 72 CHEMH 2 min; I 30 MG,
Ja 72 CHEMH 10 min; H30 PCR &6 1R KOl
JEBA 57 °C L, HAB Y 55— kY A .

tuf HEP PCR 438 J N 4514 - 94 °C AR M
3 min; 94 ‘CAEME 30 5355 ‘CiE & 30 5,72 “C ZEf
1 min; 3t 35 MER &S5 72 CHEAMP 10 min, DU
fa FE MR S DNA S B X R, 2006 DNA 2
BH A XT HR, JC TR W78 7K R 25 LR . PCR 7= 9 78
0. 8 Y0 It B Ml 56 JC Pl DK A N, W 558 45 2R

%1 PCR3|Y
Table 1  Primer of PCRs in this study
HE B Gk’ T PCR K B /bp JF41(5'—>3")
Gene Primer Expected size of PCR Sequence
16Sr RNA R16mF2 1 500 CATGCAAGTCGAACGGA
R16mR1 CTTACCCCCAATCATCGA
R16F2 1200 ACGACTGCTAAGACTGG
R16R2 TGACGGGCGGTGTGTACAAACCCCG
tuf {Tuf 800 CCTGAAGAAAGAGAACGTGG
rTuf CGGAAATAGAATTGAGGACG

1.4 PCR =¥ NF

fdi P B RSB R e DNA [ 70 208 H A5 4%
W HEAT VIR RS 5 36 b it A Wy TR A R 2 w3
i
1.5 FF3ILEXtFIE L RFLP 5347

FIH DNAStar SeqMan %K 4 *F 3k 15 1) 7% 371
HEATROE M PG . #2283 GenBank Tk 15 2 K]
45, f£ NCBIChttp://www. ncbi. nlm. nih.
gov/) X AR A5 (1) 3 T 81 Blast 78 28 L X 3545
57 51, 38 5t MEGAT7. 0 % {F #) # & 48 ik 1k

. Boot strap FAZ KN 1 000, | AR AR TE
28 /325 T. B (iPhyClassifier Chttps://plantpathol-
ogy. ba. ars. usda. gov/cgi-bin/reso- urce/iphy-
classifier. cgi) X 4K 9 16S rRNA JF 51377 H )
P RE BT FUE L RELP 2007,

2 HERGAM

2.1 RUHEHIRRIER
WA 76 ) 2 B 300, A R T R R, Z R BN
IAECHER (] 1-A~1-C) s 4 F A6, Wi W 46 7 W
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T BN AL AR i, B H A K 5 0 A R )
B AR (B 1-D~1-F);7—8 H H T & A & Tl

K 73 B IR BBE AN R 5 B 8 S L
ARG (E 1-G).

E F G

A~C. ABAEAR s D~ G. 4678 M- Fil A 58 i 4R
A—C. Symptoms of witches’-broom; D—G. Symptoms of phyllody and dieback
1 FEWMMETHIAERERAER

Fig. 1 Symptoms of willow phyllody and witches’-broom disease in Xinjiang

Xof BT R 7 A b DX 3 BAE AR iR DAASE 1 MR A
PRELDNA 28 PCR 934 J5 . 1 %6 35t i 0 vl UK A6z
ZEALF W, M 5 9 % R16F2/R16R2 £ 5
PCR §" 83|25 % 1. 2 kb B 16S rRNA F B 519
%t ITuf/rTuf & PCR ¥ #4158 3] 245 800 bp ¢ 52k
ol ddH, O 28 X IS5 fdt Je Xk J X Sl 4 34 o o
ST (B 2,

2.2 16S rRNA ¥ 5 bk 3f & 2 % it 4L #d 43 17

M PR F Ok A 7 A X IR AR
HAARM 11 4 16S rRNA JEH H B Kl 1235~
1 240 bp, ¥ #5232 B GenBank & 5570 5 h .
MW411190, MW411193 ~ MW411201, MW390640,
FIFH MegAlign BN 7 A~ X FH M0 AE A8 A TR

£ 16S rRNA LN P8I — B L A .G+ C
TN 45,620, ¥ 8 —E kN 99. 400 ~100. 0%
(£ 2). BLAST 43 #r & B, 00 B 46 28 i A 5t 44
16S rRNA J¥ 41 5 #i B 25 Ak 41 (CEY) # J5 4K SO
BN K (¢ Xanthoceras sorbifolia’
ches ’-broom phytoplasma, GenBank Accession
No. KC331045) F1 #k 8% 4k (¢ Prunus persica’
yellows phytoplasma, Accession No. KF523370)
[ UEPES 99. 76 %6, W20 1 2 WA 46 78 i Al 5 A
J& T 16SrV 4, RGEHEALKR W R  HIA 4678 i i
JEAR S5 g b #5424 (16 SrV) 21 Al JFAR 3B o — 8,
FRGKFR IO HE— 2D 8 %A JEA Sy 16SrV
B 3D

Bunge wit-

1 2 3 4 5 6 7 8 9

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

a.16S rRNA H30 PCR 774 (1. ddH, O 25 (4 B 2. 48 JE X B 5 3~ 9. Wi B A s M. DNA Marker 2000) Nest-PCR product of 165
rRNA (1. ddH: O negative control; 2. Healthy control; 3—9. Diseased willow; M. DNA marker 2000)
b. tuf HH PCR =¥ (1. ddH, O 75 [ % B8 s 2. filt BEXT A 3~6. A MM ; M: DNA Marker 2000)PCR product of zuf (1. ddH; O neg-
ative control; 2. Healthy control; 3—6. Diseased willow; M. DNA Marker 2000) sease willow; M, DNA Marker 2000)
2 WM E 16S rRNA 0 ruf EE PCR # 4R
Fig. 2 PCR detection results of 16S rRNA and tuf gene of willow phyllody phytoplasma
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%2 # A MegAlign 3t 7 21X 11 % 16S rRNA 5 5| — B &5 47
Table 2 Analysis of sequence identity of eleven 16S rRNA in seven regions by use of MegAlign %
ﬁiﬁ’ A B C D E F G H 1 ] K
A 100. 0
B 100. 0 100. 0
C 100.0 100. 0 100. 0
D 99.5 99.5 99.5 100. 0
E 99. 8 99. 8 99. 8 99.5 100. 0
F 100. 0 100. 0 100. 0 99.5 99. 8 100.0
G 99.9 99.9 99.9 99. 4 99. 8 99.9 100. 0
H 99.9 99.9 99.9 99. 6 99.8 99.9 99. 8 100. 0
1 99.9 99.9 99.9 99. 4 99. 8 99.9 100. 0 99. 8 100. 0
] 100. 0 100. 0 100. 0 99.5 99. 8 100.0 99.9 99.9 99.9 100.0
K 100. 0 100. 0 100. 0 99.5 99.8 100.0 99.9 99.9 99.9 100. 0 100. 0

¥ Note: A, MW411190; B. MW411193; C. MW411194; D. MW411195; E. MW411196;

H. MW411199;1. MW411200;]. MW411201;K. MW390640.
2.3 tuf BEAFFILLN R RZFHLHMST
AT ML R TS L BaT 437 2 490 A0 BT 7 575 T
JIHI B PCR 9708 tH 9 4 4 tuf KRR B &
755 824 bp AYFF , GenBank & 5% 5435 Ky
MW435399~MW435402, ¥ 1% ¥ 515 NCBI
T P2 1 TR 5 B R AT T L 25 R iR A 5

—— A MW411195 Salix alba phyllody phytoplasma SaPP-HT

|—— A MW411196 Salix capitata phyllody phyloplasma ScPP-HT

|—— A MW411199 Salix alba phyllody phytoplasma SaPPKS

[ KC331045 bifolia Bunge witches-br

I—— A MW411197 Salix alba phyllody phytoplasma SaPP-BZ

+—— A MW411193 Salix alba phyllody phytoplasma SaPP-TMSK

|—— A MW411201 Salix alba phyllody phytoplasma SaPPKZ

——KF523376 Prunus persica yellows phyboplasma

—— A MW411190 Salix babylonica little leaves phytoplasma SbLLP-Alar
A MW411198 Salix alba Wikches-broom phytoplasma

TS A MW411200 Salix alba phyliody phytoplasma SaPP-Alar

|—— A MW411194 Salix matsudana f. pendula phyllody phytoplasma SmPP-Alar

—  |—— A MW390640 Salix matsudana phyllody phytoplasma

—— HQB44237 Golden bellflower yellows phytoplasma

—— JN803768 Apricot chlorotic leafroll phytoplasma ACLR-XJ

— HQB844237 Galden bellflower yellows

] JN582266.1 Puna chicory flat stem phytoplasma
TE JNG07240 Cherry virescence phyloplasma

168V-B

15

;MEAY‘IWGSS Eim yallows phytoplasma
AF122811 Elm yellows phytoplasma 16SrV-A
AY197648 Rubus stunt phytoplasma 16SrV-E
E{EAY‘IWEAG Alder yellows phytoplasma 16SrV-C
90 L— AY197644 Flavescence doree phytoplasma 16S/-D1
AY496004 Washington Potato Purple Top phytoplasma 165rIV-A
100 [Jxmaza Willow prolferation phyloplasma 16SrVI-A
GU004370 Potato purple top phytoplasma 165l
EF 176608 Aster yellows phyloplasma 165
KF823391 indicum stem cuding and phyllody phytoplasma 165!

|

F. MW411197; G. MW411198;

P (GenBank & 55 . GU137287) WY tuf KM
e SARAIE Sy 98, 3 06 SR AR AT 12 4 2t 2 43¢ kAL
W2 BT MRS A8 A DA o/ B TR 1 5 A AR
B Ak 2H A R RO — B 5 v AR Bk B AL Bt
(GenBank &3 5. KJ452549) 32 4 L R, &
T EACH (EY) I cuf V-B L4,

— (GU137287 Jujube witches-broom phytoplasma strain JWB-XFSZ
t—— KF440687 Fraxinus sogdiana witches-broom phytoplasma
——KC410869 Lactuca sativa yellows phyloplasma

88

{ KF447923 Jujube witches-broom phytoplasma strain XJ
b5 L— KF440688 Elm little leaf phytoplasma
t—— KT968866 Persimmon fasciation phytoplasma

t—— GU968760 Jujube witches-broom phytoplasma strain JWB-TXSZ
t——KF440689 Phragmites australis witches- broom phytoplasma strain SHZPA1

—— MK606451 Syringa reticulata witches-broom phytoplasma
KJ452549 Cherry lethal yellows phytoplasma
A MW435400 Salix matsudana Tortusoa phyllody phytoplasma tuf gene-Hetian
A MW435399 Salix alba phyllody phytoplasma tuf gene-Hetian
A MW435401 Salix matsudana Tortusoa phyllody phytoplasma tuf gene-Akesu
A MW435402 Salix alba phyliody phytoplasma tuf gene-Alar
KJ452550 Bischofia polycarpa witches-broom phytoplasma
— FR686506 Hemp dogbane yellows phytoplasma
62— FR686504 Spartium witches-broom phytoplasma
FR686505 Alder yellows phytoplasma
88 FN561887 Rubus stunt phytoplasma

100 L— KR233474 Portuguese blackberry phytoplasma

MK675943 Brassica juncea witches-broom phytoplasma
® [KC409000 Tomalo big bud phytoplasma

Pl e A AR TE T 4 7 5

In the figure,“A”

represents the sequence from this study

B3 ETHEBEWMEEZMHERGE 16S rRNA (£) 1 auf EE () FHURBXERERREWBE RS H LR
Fig. 3 Phylogenetic tree based on 16S rRNA (left) and tuf (right) gene sequences of willow

phyllody phytoplasma from Xinjiang and other related phytoplasma
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2.4 16S rRNA E#l RFLP 47

WA A8 78 A8 SRR 16S rRNA 8L RFLP 4
Bres B i, iZ M AR 168 rRNA D A Bemy iR
il 1 R B B 22 25 M 5 KO Bk &R (GenBank %
S5 AB052876) 4 99. 8 Y0 By AL L HE Il RFLP
B 16SrV-B W20 19 2 % 55 X AH [A] A8 0L R 48
1. 00, #E— 25 UE B MR AR S i AR R R
16SrV-B W.2H A i1 .

3 it it

A5 LATE BT 6 A2 B0 2% B H A A AR AR i
B MR Sy b4 K, il Ak 16S rRNA JE B I o f 3 H
4T PCR 3% M # Rm btk & BMLL K 16S
rRNA ) RELP 4387 . 45 5 8% L 76 5 58 4 X &

BRI LA 0 R TR S RO T 16SrV-B 20
I

\an

~

LR Ee T i T A T & LS8 AN (S ST
S AL RN FE 2000 B A A, X 5 b Xy IR VD A K
TARREFA FEBEAE . ST AEK MR A R AR A
E AN W & BT RGE , =/ JBEVE NS HON
HUHT 1 © W iE , 43 % )8 T 16SrI-B. 16SrI-C
1 16SrVI-A 4, 51 AE AR A B AL /N i AL 3
B RN AL AR BEER0) R R B BE Al & K L B
FEN A RIE 209 F AR T R IR
2 38 M0 AR AL AR B 5 16SrV-B O 41 B 1k
X,

1992 4F T 4l A S50 B YK 4 E B 8 0 A A i
P 5, 14 i 44 B RE ARG 5 R R AR A8
ARG AR AR S A B R AT TR E L K A 44 S M
R A AR It AR 5 B0 A S A [ DG R 1 A9 AR A
JE A E R E BRI E AL B 1992 DoKX
9 B T A Ml DO W e e B, LR AN BT i
Luan 558 2005 4F X 5 85 M A% 46 48 i R i 44
o E AT T A 2R R L E A B B A i X K
I IR F] 60 Y0, Al FH K BAl Fir 7R Bl X3 50 %0 B
Mo DCHT 106, % T BT 36 A [) b IX L AN [) A AR
i P b R R B A T 25 S S TR AR TOUA L (L
WA KA BERIE TS, A AR IR )
43 WA LE AN [ B JTRE IR R A AR, an Ml &
AT AEERIR G LB, B LR
LN TR NS 2SR S, W A o DN S E TN
FIFAR 16S rRNA Fl o f B H T3 6] To 2% 5, 1%
5 H A RE 5 B A 32 A W) 22 AR IR 0 R M AR AT
H 33X R A 5 H A B e 5L KA G AT i 3 — 2T

I E [ BLLAK , — BUR WAL R A A Y 48
T AT B 36 TR HE | 125 18 B IR B 22 55 2%
st B DRI 2o 5 9 AT S B e . H R 1R
AR 2 T ARSI AR 200 AL A L b
Mol %k

S EZ L@k Reference:

(1] HEEEBECPEMAY S WEZE RS PEAEYE. S 20
BH 2 oMM, db st B2 ik, 1984,

Flora of China Editorial Committee of Chinese Academy of
Sciences. The Flora of China: Volume 20, Division 2[ M.
Beijing: Science Press,1984.

[2] KARP A,HANLEY S J, TRYBUSH S O.et al. Genetic
improvement of willow for bioenergy and biofuels[J]. Jour-
nal of Integrative Plant Biology,2011(2):151-165.

[3] xUAhfede, 2 e 5 . 5 o 37 A s B8 2 LML b . o | AR
At A 1999,

LIU ZH J,LUO H L.ZHANG ] N. Phytoplasma Phytopa-
thology [ M]. Beijing: China Forestry Publishing House.
1999.

[4] MCCOY R,CAUDWELL A,CHANG C,et al. Plant disea-
ses associated with mycoplasma-like organisms[ R]. 1989
545-560.

(5] FE4iFl, 52 8w, BB, 5. 5 50w A B0 38 i R iE

(MLO) W HLGE UL Z2 [T, 7 3m A lk R 2% 2% 4k, 1992, 15 (4)
17-19.
WANG CH L,YUAN Z Q,LU X X.et al. Electron micro-
scopical study on mycoplasma-like organism (MLO) on
willow witches” broom in Xinjiang [ J]. Jouwrnal of Xin-
jiang Agricultural University ,1992,15(4) :17-19.

(6] ZRFKA. RN R A0S % 19 %€ (D], IR 284 Il AR ARl K
2,2007.

ZHU T SH. Molecular identification of four phytoplasmal
diseases in China[ DJ]. Tai’ an Shangdong: Shandong Agri-
cultural University,2007.

(7] ZsE e AR R ZE. VYR 2R 55 B 4k B 2R 52 I By ¥ 400 0 Al BT 1K o
FERRLI ] MOl BHEE IR, 2015(7) 1 47-48.

LI Y F,ZOU D ]J. Preliminary study on the control of wil-
low phytoplasma disease with tetracycline and avermectin
[JJ. Forest Science and Technology »2015(7) ;47-48.

[8] ZHANG L,LIZN,WU Y F,et al. Detection and identifica-
tion of group 16Sr VI phytoplasma in willows in Chinal J].
Journal of Phytopathology »2012.160(11/12) :755-757.

[9] WEIT,WUY F,WU K K,ez al. First report of a 16SrI-C
group phytoplasma associated with a yellows-type disease
affecting willow plants in China [ J ]. Plant Disease,
2009,93(2) :197.

[10] MOU H Q,XU X. Salix tetradenia Hand.-Mazz: a new

natural plant host of ‘Candidatus phytoplasma’[]]. For-
est Pathology ,2014,44(1) :56-61.
[11]  @#a A, ARk DY BB 22 45 AR JEIR DNA 25U 25 (1 80 )



10 4

RS IR AR i A Y TR E .

1379 -

[12]

[13]

[14]

[15]

[16]

[17]

LI A AR 2004 (4) :44-46.

QI'Y X,ZHU SH F,LIAO X L.et al. A improved method
for extracting phytoplasma DNA[J]. Biotechnology Bul-
letin ,2004(4) . 44-46.

ZEE T VG bt DX VAR A DR A A M Rk R &
FEVERESELD]. BRI B VY AL AR MR B R 2, 2015,

LI ZH N. Molecular diagnosis of phytoplasma diseasea on
common plants in northwest China and diversity study of
the associated Phytoplasma [ D]. Yangling Shaanxi:
Northwest A&.F University,2015.

LEE I M,HAMMOND.R W.DAVISR E.et al. Universal
amplification and analysis of pathogen 16S rDNA for clas-
sification and identification of mycoplasma like organisms
[J]. Phytopathology +1993,83:834-842,

GUNDERSEN D E, LEE I M. Ultrasensitive detection of
phytoplasmas by nested-PCR assays using two universal
primer pairs[ ] ]. Phytopathology Mediterranea , 1996, 35
(3):144-151.

SCHNEIDER B. GIBB K S, SEEMULLER, E. Sequence
and RFLP analysis of the elongation factor tuf gene used
in differentiation and classification of phytoplasmas[]J].
Microbiology »1997,143;3381-3389.

SUDHIR K,GLEN S,KOICHIRO T. MEGA7 : molecular
evolutionary genetics analysis Version 7. 0 for bigger
datasets[ ] ]. Molecular Biology & Ewvolution,2016(7) .
1870.

YAN Z,WEI W,LEE I M,et al. Construction of an inter-

active online phytoplasma classification tool, iPhyClassifi-

[18]

(191

[20]

[21]

[22]

[23]

er,and its application in analysis of the peach X-disease
phytoplasma group (16SrIID [J]. International Journal
of Systematic & Ewvolutionary Microbiology s 2009, 59
(10P1) :2582-2593.

WO R EE B RS IR R A R AR 1 4 F 4
KL e 2412009, 49(3) 1 389-394.

WEI T,WU Y F.HOU W,ez al. Molecular classification
of a phytoplasma associated with willow yellow disease
[J]. Acta Microbiologica Sinica ,2009,49(3) ;389-394.
ZhANG L,LI Z,DU C,et al. Detection and identification
of group 16SrVI phytoplasma in willows in Chinal[ J].
Journal of Phytopathol »2012,160,755-757.

LUAN Y M.ZhANG ] W,ZhANG F T.et al. First report
of a new’ Candidatus Phytoplasma asteris” subgroup of
16Srl associated with willow phyllody in China[ J]. Plant
Disease ,2018,102(12) :2634.

VERA V S,SINGH S. Witches’-broom of Indian willow
[J]. Zeszyty Problemowe Postepow Nauk Rolniczych .
1981,244.185-187.

GHAYEB Z M, TAHERI P. “Candidatus Phytoplasma so-
lani” related strain associated with Babylon willow wit-
ches’ broom in central provinces of Iran[]]. Australasian
Plant Disease ,2017,12:47.

SHAHRYARI F, ALLAHVERDIPOUR T. “Candidatus
Phytoplasma trifolii” related strain affecting Salix baby-
lonica in Iran[J]. Australasian Plant Disease ,2018,13;
40.



« 1380 wodb & Mk % R 31 %

Molecular Identification of Phytoplasma Associated
with Willow Phyllody in Xinjiang

LI Feng, LAl Ganggang,ZHAQO Zhihui,ZHANG Ping and ZHU Tiansheng

(College of Plant Science, Tarim University,Southern Xinjiang Key Laboratory of IPM/ The National and Local
Joint Engineering Laboratory of High Efficiency and Superior-Quality Cultivation and Fruit Deep Processing

Technology of Characteristic Fruit Trees in South Xinjiang, Alar Xinjiang 843300, China)

Abstract In order to study the pathogenic agents of willow phyllody disease from 7 regions of Xin-
jiang, molecular biology techniques were used to identify the pathogens. The total DNA of the willow
tree was extracted by the CTAB method, and the 16S rRNA gene and tuf gene were amplified by
PCR,and the sequenced gene fragments were compared by Blast comparison and homology comparison
to construct a phylogenetic tree,and analyze th virtual RFLP of 16S rRNA. The results showed that
the fragments of 16S rRNA (1 238 bp) and tuf (824 bp) were obtained by PCR amplification, which
proved that the disease was related to the phytoplasma, and was named as willow flower phytoplasma
(WPP). The 16S rRNA sequence analysis showed that the WPP was 99. 68 % homologous to ‘ Prunus
persica’ yellows phytoplasma, ‘ Zizi phus jujuba’ witches’-broom phytoplasma and apricot leaf roll
phytoplasma homology. The results of the 16S rRNA virtual RFLP analysis showed that the WPP had
99. 8% similarity with the JWB strain (GenBank accession number; AB052876). The virtual RFLP
model was the same as the reference model of the 16SrV-B subgroup,and the similarity coefficient was
1. 00. It further proved that WPP was a member of the 16SrV-B subgroup. The WPP tuf gene was
more than 99% homologous to the Elm yellows (EY) group. The phylogenetic tree showed that the
WPP and the EY group (16SrV) phytoplasma cluster together, the willow phyllody phytoplasma be-
longed to the 16SrV-B and tuf-B subgroups.
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