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MHHE U RIERERENESR S FEE
T, ELRARE, AL LERY
LR BT, 1R A 2271000; L R A AL B R4 B0, 57250100

THE: A RED R RFRRAR, AR, At Felf B FOeF T OEM TR, A TZNEFMEL. ALK H S
IR R IR BRI AT AR M 1) 4742 Fuet KN 69 ARREAR AR o, A B B4 BT ST R AR A, 5 R B R
T B ATAL S 31 BB T 8 4m B R A5 72 LR 9 200~600 nmad [ 8 kA4 B 7 LR AR AL T, SRIRE R AR R AL S i BRAL S 00 90
JE 3R EDNA, F) B AR AR16S IRNAZK B B IEAR F T ruf A B8 F 5| HATPCRY 3, ML R L DNAFT 53] T KE 57 4
H1.2420.8 kb# R B, (@ BATM ARG A T 35T, B I —BENH A, A AR 16S rRNA KB Feruf i B 5 Rm
AL JRARAR B B 69 4% B — B 5 4 A1 £ 1£99.8%74299.9%; iPhyClassifier /£ 2k 547 £ ¥, AfiA 4 (L AL R AR 55 16SrV-BI 48K &
A 4916S IRNAJK B ELA7 48 F] 49 8540 B 38, A8 2 404 1.0; KT AAS K B A & 69 7 o Aus 3 £ 0, ARM el B ik 5
16SIV-BI 288 I A — 45 A FFon T AN F KT 4 REY, AT IR A EHRR, LiZAHARIKE TR0
(16SrV) B4R, 51&:%&#F Candidatus Phytoplasma ziziphi’#8 % .

KRR ALBAR, AT, ATAR T AL ; ARt A0 2

Fili B S XL T A P 40 (Magnoliopsida)fifi H
(Ebenales)fili £} (Ebenaceae) fili J& (Diospyros)fH4) -
J = T3, A Hb i A IV 2 1 oK B L
ZUTRM, R A AR A E Y
WETERCSY, B EHRAREY) . BT, RS
MR, BAEEMAITN . HAT, BN X
B2 e rh TEF R, BURHLE, RSUE IR
O3 PR Ja AR B AR AR T T GRS A52011) . 2R
RS SRR Ao A v R I TR T T AL (R R
£62015; T nIFHE52015; Bk H-4E552015; sRAEEAM
% [F]2005), o FHo At J5 2 AL 5 35 I DGR

T8 IR 44 (phytoplasma) & — 28 AN E N T 9%
TCAM P EE | LA A TR A 0 A A AN A A B e
AN EZAEY).. FEld %2 T NTEE
MR CERNHESED ERER
1000% P FHA KR, W IlEMAEL N 648
253 (T2 g RS (Bai22006). [ HT16S rDNAFE
B I 5 78 5 P B PR B At 2 R ) 46 7 2 [ B
3 P PR D A A R 55 7 7V (Lee5$1993; Zhao
42009, 2010; Lai%$2014), 20154, AR GZHAE 1L
R BRI FT A AR R S A BN 1 2 AR AR A
AR R A 2% A AR, 5 O B R R T
S )T AR AR L . TR A R I, X P AR
JUREBRIOBR, SRR E K218 HTE, 3805
WIS & R FE, PG TR R R, N T AR
TR HOR AR A AR, 8 V) w7 A B A0 SR L, AT
il € AH N R 7 96 g o ASHIE TR A ZUB S Je

T T AR EOAR, BE 0 X AR AR A
BEAT VIR THEE

MRE7EE

1 M8

R I ACRE IR B R B (Diospyros kaki Thunb.)
FE it R JERE S 30 R B L AR A8 AR T A A
B AKpMDI18-T. PCREY IR & . Tag
DNA R & B 75 141532000 7 i 2208 H TaKaRa
AFL B AR IRA F A .
2 i
2.1 BFEMEUNE

SR VE BR AN 4 FFIR(1992) 1 77 1, BB I 4%
(I B BB 2H 232 mmx2 mm) W8 S 75 1778 H A,
FE B4 3% 0 1 BE AN Y bk e 0L EE [ 5, Z 382
it AK, PR N b E #e, Epon812i8E A, YK R4
TRLRITE TR A A AT AR R B O £, 7EJEM-1200
EXTIAE S A FULEL, il i s i s
2.2 SFHEN
2.2.1 EEF 18

K FHCTABIVL (B H 77 55:2004) 73 77 i B By
Ao P A7 PR T B0 Ak R 1) AR AR 2H 1 DNA, DL

ks 2016-12-19  f&ZE  2017-02-08
BEY b IR U E SR U RITTH (2013BAD14B0504)
5 [ ARRF 34 (31401 718) ML AR AL R B 75 A2 R
A4 H (2016 YQN28).
* JHA{E (E-mail: chengxiang 1975@163.com).
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DNA YRR, 3347 16S rRNAJEPE FI4E {H K T-(TUF)
FER euftr) 438 . R AAE B A 16S rRNAJE R A 5
YJR16mF2/R16mR1 (Lee%:1993)ik{7PCRY 1,
LU 3G 7= M0 N AR OO E A BE 1045 5 IR 16F2n/
R16R2 (GundersenfllLee 1996)i3 17 #{PCR. F
FH AR R AR cufFE DR 38 FH 51 99 Tuf1 /1 Tufl (Schneiderss
1997) % 4iE fi (K -1~ L K E AT PCRY 48, 7 DAL o 48
PR 20 LU G R Je B FH FTufu/r Tufu i AT 51
[ PCRY MY, 1M 5 W1,

£ T EAR16S IRNAF 3 36 5 51 4 FE 51

Table 1 Primers used in this research to amplify

16S rRNA and tuf genes
EIEZE=2 Bk 2] 7,/°C
R16mF2  5-CATGCAAGTCGAACGGA-3' 52
R16mR1  5-CTTAACCCCAATCATCGAC-3' 52
R16F2 5'-ACGACTGCTAAGACTGG-3' 55
R16R2 5'-TGACGGGCGGTG TGTACAAACCCCG-3" 55
fTufl 5'-CACATTGACCACGGTAAAAC-3' 53
rTufl 5'-CCACCTTCACGAATAGAGAAC-3' 53
fTufu 5'-CCTGAAGAAAGAGAACGTGG-3' 55
rTufu 5'-CGGAAATAGAATTGAGGACG-3' 55

2.2.2 PCREMZEL.. RERFFFINE
PCRP )2 LI KA, A5 o7 24k R
MiniBEST Agarose Gel DNA Extraction Kit (TaKaRa
Aw]), BAREAES S RGN & kT . B
1) 72 % 2 I pMD "' 18-T Vector Cloning Kit# {4 i B
P37 R Cohen’5(1972) 1 75 12 il % KM kT B
DHS5o i) /& 240, R 0 5 W e fk

Y, 2205 AL TRk, SRR T R
BEAT R R, T AR 1 B PR (B2 £0.452005),
PCR [ B 1) %5 58 2 FH 1) 26 20 PR 2345 I 41
HEVHARAE PR 2~ 7 BEAT I o
2.2.3 FHIH

¥ 15 DNA 41 %t A\ GenBank#F /T BLAS T
R, Z M8 Franova®$(2014) T FHAE S5 AR AN [ 4 J 40
AR RAHK 71, K FIDNAMAN version 61
DNASTARBAE S v 5 21 B A% 7 82 Fr 51 3247 FH ABA
PEEEAT . FIFIMEGA 5.2 4F(TamuraZs2011) 4 %
ARG
2.2.4 16S rRNAEE EHIRFLP 47

¥ re A3 211168 rRNAJE K 77 51 ik il 5 1k
1E 285y 258 iPhyClassifier (http://plantpathology.
ba.ars.usda.gov/cgi-bin/resource/iphyclassifier.cgi) i3t
AT TR BRI P DDl RE SR FLP 73 Bt S AR LA
RO, I i e H 4 5 A7 (Zhao%52009) .

SLIREER

1 Fifii AL PR AR AR
TP A AR R PR 2 B D9 L R ) i ARRE IR, 22 A
—E A WASE R LR BBk
20 P B B AR NS AR T ) A R A IR,
P8 3 2 BB A LR P A A By A 2 A1 B B A REER
AFFA (K 1-ARIB).
2 IR R
i L3 A T BB L8R, LR IR AR AR B
L ZA I I A0 T A B S R A R AR AR A7 AE

P12 A RE PR Ak R A AR AR Aol 2
Fig.1 Stem fasciation of persimmon branch and healthy-looking branch
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(E2), BE42K/NE200~600 nm2 [8], TR 2 N IR TE
R, 1t BH AR AR P A7 AR AR

P2 el s P S A R I S A B L 45 2R
Fig.2 Transmission electron micrograph of phytoplasma in

infected persimmon plant

3 16S rRNAE[E 5 (& & F51 5717

PGSR AT s DNACR AR, 25 8 20PCRY 3,
R EL 912 Kbl Fr B, DAZRIAG R R A AR 2H 24
RS B B 2 (B3) 0 W12 B B 3T
AR, AN HAFTRIEAT I, 45 R PR, ¥ 1515
FIHF BEK N1 248 bp, GHCHIE 8 N45.8%
BLASTHH 2 K B 7 51| )9 J5 A4 16S rRNAJE A 7

bp
2000

1000
750

500
250
100

B3 Al AL S A 16S rRNAJE R Al B R
IR Rk
Fig.3 The gel electrophoresis of PCR product of 16S rDNA
and fuf genes from persimmon fasciation phytoplasma
M: DL2000 DNA Marker; 1: B At 20 Sl K], 2: {8 Bl
AL fBEIN; 3: {EHERTB 421168 rRNAJKEA; 4: I8 i b 41 27
16S IRNAZE .

51|(GenBank & 35 5 YK P174135), i B Flibe 5 4k &
P AL B4R 5162 AR, 5 M A R A 27 It 42 S Al
1k # J5 A (persimmon fasciation, PF). £ [A]¥ 147
Mr& B, PFL A [ [ > 200 1 R 2 25 4
JWB-FIP1 (KF017279)f1JWB-Xch (JQ675716)H
FEALPE Y5 999.8%, 5 16SrV 4L HiAt 43 55 4 1%
TR —BURWAEII% UL b RV B 45 Rl
FHH, PFERZEF16SIVEH, 516SrV-BIF 44 J5 4
REN—1E(E4).
4 EHARFLPHT KA LR B 17

P #E 2 T B iPhyClassifier X PFif 17 i )
RFLP:#fr, v IF LA 7 F 17 H0 B i 44 P D7) Bl sk
17 B V) 5 A TR0 HE TR A A 2R ] PR AL 28 EIORT D7) 1
i 25 BE U] PRRYEGY) S 5 16SrV-BIE 4 2K
IR ARG R RIWB-G1 (AB052876)R 1] 3 72
2 H(EISTER2), HILREN1.00. i3 —2
AR A ORI B R AR 1 23 A
5 nfBEFTERFIISHT

22 53 M, B 8 A TE SR AT B R A0 HE
JR AR R RIS 53 P B 2 9823 bp, ] 22741
RHEMR, GenBank & 5% 5 HKTI68866, % H K —
S T e N R N N SR B |
BRAEIWB-TXSZ) I —EH i 7 499.9%, 5%
XK JRAATXDOKK 52« BILZFK £ XTI & K tuf
R AR AE 59 590 99.8% « 99.8%£199.6%
5[] J& T 16SrVZH [ AN 2H i 77  Candidatus (Ca.)
Phytoplasma ulmi’ EY 1#k & (FN561879). EMV.ZH ik
51°Ca. Phytoplasma rubi’ (KR233474) ¢ CV.2H ff]
‘Ca. Phytoplasma vitis’ (AM939565) 1]+ 1) — %
2 N91.7%. 92.6%A192.7% . 1] 5 Hofth 2 4 J5
Wt B RIZ H TR — BRI /N T90%. RGEKE M
W B, AT I PF-tuf 3 I8 7 41 5 S0 SR A 2
A (E6) . 1 — 25 % B Ay LA JELAR PF 73 B8
V))& T 16SrV-BIV.4H .

W
HEIFARR G, W51 EmA . B ZR3e
SEREIR, LI AR AR R AR G R SRR,
W AN > B AR A BARGE, Bl S AL

i ERAEMR T AL . AR A0 S (FE B AN 4 T I
1992; %17\ B 45£1999; BertacciniZ$2005). 124, =T
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Jujube witches’-broom (AY197661) 16SrV-B

Jujube witches’-broom XJJ1 (KC331051) 16SrV-B

Jujube witches’-broom G1 (AB052876) 16SrV-B

- Alfalfa witches’-broom AWB-YL (JQ343221) 16SrV-B
I-Jujube witches’-broom Ch (AF305240) 16SrV-B

PF (KP174135)

74|62 ' Jujube witches’-broom Xch (JQ675716) 16SrV-B

— Jujube witches’-broom Ko (AB052879) 16SrV-G

Bischofia polycarpa (Levl) Airy shaw witches’-broom AH (KJ452546) 16SrV-H
g9 Elm yellows WVEY (AF122911) 16SrV-A

Elm yellows EY1 (AY197655) 16SrV-A

Rubus stunt phytoplasma strain RUS (AY197648) 16SrV-E
Flavescence dorée phytoplasma HD1 (AF122912) 16SrV-C
Alder yellows phytoplasma strain ALY (AY197646) 16SrV-C

87

95

-

74

100

2 63 Candidatus Phytoplasma vitis (AJ546787) 16SrV-D
97 Candidatus Phytoplasma balanitae (AB689678) 16SrV-F
94 Coconut lethal yellowing phytoplasma strain Jamaica LYJ-C8 (AF498307) 16SrIV
Western X phytoplasema (L04682) 16SrIIT
90 Peanut witches’-broom phytoplasma (L33765) 16SrII
Allocasuarina muelleriana phytoplasma (AY135523) 16SrXXXIII
ﬂcedar witches’-broom phytoplasma strain SCWB1 (FJ432664) 16SrXXX
’> Aster yellows phytoplasma strain AVUT (AY265209) 16SrI
Spiroplasma citri GII3-3X (AM285316)
0.01

B4 T F AR BRI T-16S rRNAJE K (¥ R 40K & W

Fig.4 Phylogenetic tree constructed using the neighbour-joining method based on 16S rRNA gene sequences

FE R A AR A S R AR DA (1 T 7] PR AR 4B,
FA AR H A T A AR R AR (1) 20 IS AT o

CL A 1 T8 2 BH BRI (1 A B M AL 54 S T
16SrV 4] (Maurers1993), 1M $4 E L1 2= A7 58 i 14
MK JF AR 43 5] 5 ¢ Ca. Phytoplasma asteris’ #k 5
OAY Fl1‘Ca. Phytoplasma ziziphi’ [q]) 5 14 # =, B4
) T 2R3 AL 4BV 2 (16Sr1-B) (Gao%:2011),
] A 5 40 9 B - AR08 T 1992 4F (Y K AN 4 T Bl
1992), Ja kAR B 51 7 16S rDNAJT 511 H
YEE N T16SIT-BA A o WA A L A4 E g T =
22 A E 20 (16SrVI) (KhadhairfTHiruki 1995), iX
ORI 53 W E R A AR DA S AN Ay M TR A

1S R LRUR 165 RNABTF2R2 T £ FAT AV 5 S, 4R > A L P )
L ERRRPEE B P 4 0 B 4 3
ig.5 Virtua patterns derived from in silico . NS N,
digestions of 16S rRNA gene F2nR2 fragments IR ORI BF 50 AR A T L o MK D
of persimmon fasciation phytoplasma (Contaldo&%2016), 1H & BR TR IR A& 7 3K, 24X

LI AR MESRAFAR AR R a1 57, PRIk, ANRef
AR AR ARIE A PR TR . XN BEEE(1999) N A (R SR A% AW — FEEEAT X R AR 34T R ST 4 5E
RYVHAL BT i 18 B R AK 16S rDNAFTBL,  MNop B 5t SO0 A0 S 4 36 8 U7 vk 2 AR S
A FH SR BRI PE A UMt AT I D), BEVIEIE S EHVIRIMSE . AR, R0 B B P R e sE
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22 A T A SR A4 B2 16 SrV A ) £ 0 4H AR Ak 52 16S rRNAZ: R R AH L) R 4
Table 2 Similarity coefficients of 16S rRNA gene from persimmon fasciation phytoplasma and typical strains of each 16SrV subgroup

TE B ARARERE & 1 2 3 4 5 6 7 8 9 10 11 12
1 KP174135-PF3 1.00
2 AF122911-16SrV-A 0.90 1.00
3 AB052876-16SrV-B 1.00 0.90 1.00
4 AY197661-16SrV-B 1.00 0.90 1.00 1.00
5 JQ343221-16SrV-B 1.00 0.90 1.00 1.00 1.00
6 JQ675716-16SrV-B 1.00 0.90 1.00 1.00 1.00 1.00
7 AY197646-16SrV-C 0.87 0.90 0.87 0.87 0.87 0.87 1.00
8 AJ548787-16SrV-D 0.90 0.93 0.90 0.90 0.90 0.90 0.97 1.00
9 AY197648-16SrV-E 0.87 0.90 0.87 0.87 0.87 0.87 0.94 0.91 1.00
10 AB689678-16SrV-F 0.91 0.82 0.91 0.91 0.91 0.91 0.79 0.76 0.79 1.00
11 AB052879-16SrV-G 0.97 0.89 0.97 0.97 0.97 0.97 0.84 0.81 0.84 0.88 1.00
12 KJ452546-16SrV-H 0.88 0.78 0.88 0.88 0.88 0.88 0.78 0.74 0.78 0.86 0.85 1.00
Ca. Phytoplasma fraxini (AY685053) 16SrVII
Ca. Phytoplasma rubi (KR233474) 16SrV-E
100 10 Ca. Phytoplasma ulmi EY1 (FN561879) 16SrV-A
58L__ Ca. Phytoplasma vitis (AM939565) 16SrV-C
100 69] PF
Jujube witches’-broom BJLZ (GU723424) 16SrV-B
Jujube witches’-broom XJJ1 (KF447923) 16SrV-B
100/ jyjube witches’-broom TXSZ (GU968760) 16SrV-B
Jujube witches’-broom TXDO (GU723423) 16SrV-B
100 Paulownia witches’-broom (EU422973) 16SrI-D
Aster yellows witches’-broom (AY277404) 16SrI-A
100 i:Wheat blue dwarf (DQ507200) 16SrI-C

0.02

Ca. Phytoplasma australiense (DQ096804)-16SrXII

Western X (AB095674) 16SrIII

Bl6 Al s PRI A B 13N AR SR AL IR AT T R DR M 3 () AR G0 0 B

Fig.6 Phylogenetic tree based on fuf gene nucleotide sequence of phytoplasmas associated with persimmon fasciation and other

13 phytoplasma tuf gene sequences

(G TFHERVERR1996), IX B8 6 I 4 5 i FE A 3%
B %71, 52 ZMINRHBRE RN T, b
E T35 DNATERE. PCRUAKRFLPZE AN
T2 B (E 52 252015), 15 R T A5 15 B
AR 2, S T AR 1) R G850 K 5T

16S rDNAJF 51| i [FJJ5 3tk K iPhyClassifier s} # 7]
DAE R X o3 F4E e FE AR T . ol 58 SEA )
77 (Lee5:1993; ZhaoZ52009), 548 J5 44 [ {5 57 JE
[X116S rDNAHLL, 16S~23S rDNAJH] X, rpFltufFk
DR 3 A7 A5 4 348 53R, B & S 0T AR 2 O0 R BT

PR S5 A SV 2H Kk 3 1 K 43 (Streten ATGibb 2005,
Franova%s2014). [F I, [AEF X 16S rDNA KL KA
Al 35 B 7 20 64T 23 AT B8 9 R S AR (1) 4 5 A4y 292
AT A 0015 B SRR, RIZ TR %€ 1
TS MBI A S R AR . A A AR A 44 0 2 [
AR IS SR A 8 (O SCRE 5520125 7 B S52014;
Lai%$2014). 8RR L34 THEMIRE, K
/N50~1 000 nm, E A 4254, (H2 TCA M EE, 1
AR R, R AR A 2 PR )X R A, AR
FUH FH HL B BRI A0 1 5 Rl iy AL 2% AR AR
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JE A, I B A R A 16S rRNA 5 PR A raa 55 [R] 1) 368
51, 43 093 7 Rk A B AR K 16S TRNA
LR Al e L AL, 20 55 B8 310 40 B F0 R G adk Ak o3 #,
BB 1 L1 2R AR 3 AT AR A 2% A R ) 1) ) A i A
VA T Wi S A A JEL AR 16STV-BIE 4

MR G R e, AR K IR A AL 5%
DR PRI 2E 23 Hhoi B R I BE AT A AR T 3R B e Y
DAASIRE PR PR AL A7 S 2H 21 1R 9k BE (Berges 55
2000). E#EPCRITE M) R UL Z Y H 2 B DNA
& TR VA P55 o A 41 1) 55042 Jo B s, A A 4
DR B PE4SS R (Lees51994) . EAPCRECAIE N
PCRY™ #§8 f1) R A AR S 1, A S E SRR PR AR 5 A
5 FES W R AR I A K e A 80T ik (Lee %%
1994; GundersenfllLee 1996; Fi#42010; H L
£2012), AT HTHIALE A, 8IS HEPCRY 1,
RIRAF O H 15, HED T B8 5t PR 2 A i 1k
WL S RAR, B A& KEN 2 B AA
W T3] T PCRIFY 1Y, ik, kA 5 APCR
XF16S rRNAZE PR FllrufFE RIBEAT 938, ik o 550
PCRANY 5y A5 G H IR BE P 11 ) 8, AT i [R]
IR H, 7 S A A AR R ol A AT A 2H 2R A A A
JE AR GH H S Ak B

Aol A5 5 AL 2 AR T AR AR TR b, 38 RO
FAERK NS, TR 2 K3~ JE A IR AR 15
AN E RS, 1X 75 % & A0 A R
T 5 ARG R I, 1K B R I i e DL KA
PR A I AL AR 2R A 55 (Bellomo#$2007; Mu-
settifF2004). FIR H AT A5 A R 2 B A,
AR BA A AR, TR LR
A EFEHATHETT, DAIIST Rl 7t A 6 16 & B 25 AF T
KEFGAT . AR I, 75K AR A 5 U5 ] &
BBl A7 78 K U i ok, T 7 45 SRAB R BH, Rl A
{e kR4 B T 16SrV-BIL4H, 5 Syl 5k B
B R 2 R, s A2 b (A TR A4 2 75 i
TR AL G A A P TR I A5 5 o 2 R RS B Ju Ak
BRI DT I BRI FT . DRtk TE )58 B G 3R
W T ok B B 47 i Al 4 5 A 2% A1, 3 BB R G VE
JE TR, VI — U1 AT G (4% Gu i
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Morphological and molecular detection of phytoplasma associated with per-

simmon fasciation disease
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tural Sciences, Jinan 250100, China

Abstract: Persimmon (Diospyros kaki) is an important economic forest fruit tree species in China. Fruit, leaves
and powder on the surface of a dried persimmon contain several biologically active compounds, used tradition-
ally for many medicinal purposes. Persimmon plants with stems fasciation, internodes shorten, and little leaf
were sampled in Zoucheng, Shandong, China. Transmission electron microscope technology was used to detect
phytoplasmal cells from the tissue of symptomatic plants and a great quantity of structures resembling phyto-
plasmas, about 200—600 nm, circular or elliptical, were observed in phloem sieve elements. Total DNA was ex-
tracted from symptomatic plants as well as asymptomatic plants via the modified CTAB method. PCR was con-
ducted to detect putative phytoplasma using universal primers for phytoplasmal 16S rRNA gene and zuf gene,
and specific fragments of circa 1.2 kb and 0.8 kb in length were amplified from diseased persimmon tissue, re-
spectively. Sequence analysis indicated that 16S rRNA gene and tuf fragments shared 99.8% and 99.9% identity
with that of jujube witches’-broom phytoplasma, respectively. iPhyClassifier analysis for 16S rRNA gene
showed that persimmon fasciation phytoplasma has the same restriction enzyme pattern with the typical isolate
of subgroup 16SrV-B, and the similarity coefficient was 1.0. Phylogenetic tree based on 16S rRNA or tuf gene
revealed that persimmon fasciation phytoplasma strain formed a sublineage with members of subgroup
16SrV-B. In conclusion, phytoplasma associated with persimmon fasciation in Zoucheng, Shandong, China was
classified to the subgroup B of the elm yellows group (16SrV) and related to ‘Candidatus Phytoplasma ziziphi’.
Key words: phytoplasma; persimmon; persimmon fasciation disease; elm yellows group
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