Ml B2 BF ST 2017,30(5) 805 ~ 811

Forest Research

BEAERHEAERFRENS FEE

KER', & R, #EF, KIH, G2F

(1. A E B BEA 58 BE SO 5T 7, 7L B 3114005
2. WILAR TR0 BB B )0l Wi 73 313200)

FEE [ BRI R AR A TR A RO R 4 T4 7€ , 0 AT B B 2 W B v SR LR 2Rk B . [ AR
K PR AT R AKCOT (1 2 o 35 0 SRR AT AR F 1T R 2 o (i FIAE (R 16S rDNA F1ELFE rDNA-ITS
JFFI R S PCR 519, % FAT S A9 B iR R AT 250 o [ E5 R 1R 1Y) 6 Bl A7 A g 1)~ 389 2 0 2%
Hy18.59% PR ECH 6. 67, BRI EAT DNA FEGREAEY 1S 11 EL TR 19 rDNA-ITS 341, 1N REGS 4 4 A
A1 16S rDNA J¥471 s 43 iy 119 )77 41 5 4R B AT 00 )88 228 11 149 )7 91 W] M 2 21 99. 00% |, 5 H v FL 1 1y )y 47 [a] 1
W 94.00% o [ £538 1 WTAE Fiid B AT DA (4096 T 1A D Pt Fl S 2 1R

SRR AT AT AR s P e BE TR 5 o S IR TR R AL

hE 45 ZEE.5795.9 SCRRFRIRAD: A X E4E:1001-1498 (2017)05-0805-07

Disease Severity Assessing and Molecular Identification of Pathogen
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Abstract ; [ Objective | In this study, the witches’ broom disease of Phyllostachys praecox was assessed, and the
pathogen of the disease was identified through molecular biology techniques. [ Method ] The disease severity was as-
sessed by grading witches’ broom disease at individual level and branch level. The pathogen of witches’ broom dis-
ease of Ph. praecox was identified by specific PCR primers of phytoplasmal 16S rDNA and fungal rDNA-ITS se-
quences. | Result ] Disease assessment data showed that the average incidence of the 6 plots was 18.59% , and the
average disease index was 6.67. PCR results indicated that all the samples infected were able to amplify rDNA-ITS
sequence of fungus, and could not amplify 16S rDNA of phytoplasma. Comparative BLAST analysis determined that
the amplicons shared 99. 00% similarity with sequences from Aciculosporium take, and the highest similarity with
other fungi was only 94.00% . [ Conclusion |A. take was the causal agent of witches’ broom disease of Ph. praecox
of Deqing County, Zhejiang Province.
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TG WA 2 AT B T AR X, (A3 L Al 1
AT 0.7 7 hm® AR FE{EIEALIC, FATTE WL
BT R R A AR, FE AT E &
SRR W B 1 BT B, AR, AT A A
RO ) AT RN, 26 R 22 B AT AR s AR AT AR &
M R T BRI B R A 52.2% 1Y

¥ BT A ) b, R
i i T R s SR A
HEPRAGIE ) AT AR R R AR AT RS2 278
ST ¥ B S R AR, A7 i T e e 3 J ), A
RS RN, Ba AR LA fERE, T
I 1) 95 L R AT A A 9 I B T (Aciculosporium. take
Miyake) . ##i Jfi & ( Candidatus Phytoplasma) | 47 55 %
% J& ( Heteroepichloé Tanaka ) FNA7T IS BRI H ( Phae-
osphaeria bambusae Miyake et Hara)4 2%, 3F H 76 A
A b5 RS A 1) 99 it T A ], ] — A7 B o ]
REAFAE R0 I AR A 2 e o ik S8 R K 4
T A SR 5T X FE N A, S B0 i
FAT IR BT SE IR AE AT o AT R HT B AR K-
IS B KT R 5 0 R VR o) T VA 7 v )
W KR HEAT 1 8 2 5 1) T DA 9 it 4 T A L R
ARSI PCR 514, 2R F 43 7 A 022 B9 J5 s 0 i
DX AT IS 9 D T ) DR 1 P 31 R A7 4 18 | R
FFF 34T, B 1 51 AT AR e . AR
SCHIFFE 25 SR AT R AT SOG40 T 12 W F Bl i 42 1
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L1 geXiap# BAT RO B RE AL R T
WA TS ST iR AT s A BT BT IR A
INBCREAR 89/, B AR AT L R i, B )
FEZ 1] fE SO m LA F o BYICRIAR ST A E4R
e BEAS A B 1y A R A 52 IR A7 RV [0 S 5
2L RAFT - 80°C AR vk AR 7 o [R]IEAE 35 A A
B A 2 (4 R oR 5 AT /N A g BA X R A
T FP MO Bk 2 1 5 Bt S B4 ARl AT 5 i 1 3 AR
Gy, S A BT B URAT ABSCREAR (197 ( Paulowni-
a spp. ) BEARAE A BEPERS SEAT Ao

112 XA A3l 4 RS2 DNA $2 Bl
& s DNA P2y 2l i) & DNA 5 {50 & |
TOP10 JFZ 25 ZM A0 2 x PCR MasterMix Il F RKAR 4=
PR (AE50) A BRZL w5 DNA 437 i i DL2000

W 4 TR (i) A R Al k3 ) 9 3
Wy TR TR (L) IR O A3 BR A 1 45 1, DNA
WL 0T 70 2 R (3t ) A BRS A 56 1
1.2 B ABREAE &
U W % e P T ), FEMTIT A R B PR R
6 HUREM I TR E 2. S bR % 0y ik e
FEHREHE R 3 A /NBEJ7 L SR WL 7 0 4
AREIT B BRRAT T3 A7 RS , 30 S RE 7 sP A T A bk
BRI 90 b A A 055 R 2 O
BRI R
SR {77 AT TR MK T R 7 43
H 5 RIS O SCRR I 017 T IS 95 5 o
RHG R A2 e B KT b R 42 0 5
G, BR A BRRE LT 1. FAT R 2R T 45 5
AR INT -
e = g R <100
RATREFT SR =
S bR x L&)
VA SRR x I e RNl
R R R 5 =
S CRPRAE x (EBE)
eI IR IR LR

1.3 BAERA A S DNA 2E

W PRAT T BT U KA B R o BB 5 P T 1 1Y
SYTIRYEE, BT AR USRS R R . FRER
0.1 g ZE47 M AR, AR 3l RARAE AL B (k) A IR
O] AR B DNA 32 B0 & i #4E 20 SRk 7
DNA $2H¢, DUEAT PAECRE R (9 960 A A 2% A by FH
X HEASE iy, JCAASCRE AR () AT /INASAE A B P o R
Ao PRERAYEL DNA SR HIBE S H VKA L oL i
1.4 BEMABRBERENSFEE
1.4.1  F4r AR R AARIE R 168 rDNA 53] 5
¥ DRI B DNA g4, 5% Al Duduk 257 4R
5| 9 % R16mF2/R16mR1 (5° -CATGCAAGTC-
GAACGGA-3’ /5’ -TTAACCCCAATCATCGAC-3") Fl
R16F2n/R16R2 (5’ -GAAACGACTGCTAAGACTGG-
3° /5’ -TGACGGGCGGTGTGTACAAACCCCG-3 *) #E
7850 PCR P34, 914 (W 4 J5L 14 16S rRNA BL[H Fr
BER/NE R 1200 bp, 473G FHI SOVAR R :2 %
PCR Mix 10 wL,10 mmol - L™ 1F 551414 0.6
MLJ‘%*& 1 MLJJ[] ddH,0 %pJE 20 wLo 5L PCR %5
1 30 N 55 94 °C AR PE 5 min;94°C AR 30 s,

100

100
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Tablel Calculation of the disease index for bamboo withes’ broom caused by A. take
R BRI B R R L AR AT 1 SO R BE R
Infection Grading of witches’ broom disease Grading of witches’ broom V‘(l
category at individual level disease at branch level e
T4 T RmER ToH] BAER 0
Level 1 No observable infection No observable infection
1% S SR M i B ALY 25% INBTIEA I AR /N (B BRIV oA B 5
Level 2 The percent of infected branches to the total was less The twig grow in an acropetal sequence with very thin stems and 1
eve than 25% . little leaves, but only for single twig without cluster phenomenon
SRR SR 26% ~ 50% M BB S A AN JEAG 28
10T 2
Level 3 The percent of infected branches to the total was 26% The lateral buds grew out, several lateral branches clustered 2
eve to 50% . together, the little leaves was no withering.
g PR BB 1% ~ 75% INBEEE IR, SN /NS A R 35 B
Level 4 The percent of infected branches to the total was 51% The lateral buds repeatedly grew out with small clumps 3
ove to 75% . distribution, and the little leaves withered or fell off.
v FIRAL BB B 75% L b INBAEE, R B BTIR 43 A5 TATFF 1
Level § The percent of infected branches to the total was more The lateral buds repeatedly grew out with comprehensive clumps 4
eve

than 75% .

distribution of the bamboo culm.

60°C 1B & 30 s5,72°C #E{§1 90 s372°C T ZE{f 10 min, {F
PHECH 30, #5148 PCR (7 Wi B8 20 551 pl
YEJ 5 2 %6 PCR AYREHT, PCR &8 A IR R [F] Fo 26
2 5 PCR S 2514 R : 94°C T8 P4 5 min ; 94°C 2% P
30 s,55°C 1B Kk 30 s,72°C ZEfH 70 s;72°C ZEfH 10
min JEFECH 38, ML S pL 5 2 4 PCR ™49, i H]
0.9% B BRREWEBE R HEAT FL UK 23 M o P DK 45 R JS 1R
BE I G AN T BEAR L SR 2
1.4.2 48 A A A8 9% 7 0 TDNA-ITS Jr- 21 37 3%
PLEZ IR S DNA Sy B4, SR 418 /Y 51 9 %
ITS1-F/1TS4 (5’ - CTTGGTCATTTAGAGGAAGTAA -
3’ /5’ -TCCTCCGCTTATTGATATGC-3’ ) #47 PCR 3™~
B YR BUE xDNA-ITS R4 K B R /N
600 bp, 435 W A SRR & Ry :2 x PCR Mix
10 wL,10 mmol - L™"AYIE S0 51445 0. 4 L, BiAR
I L, fiT ddH,0 #hE 20 wL. PCR A2 B2 46 1 4
4 CHAZNE S min; 95C AL 35 5,55C IR K 55 s,
T2CHEfH 60 s;72°C T LA 10 min, fEFRECH 35, B
S WL 1 PCR =4, (01 1. 5% BN R et 11k
VKM o LUK 45 RS 7 B S AR AX B BRI 5%
iR
1.4.3 PCR =4ty seie LA /75 547 PCR ™
Wy 2 BE R L VARSI , PR 3 4 A3 DNA 7= 4)
AR & alife, 2ifbry PCR W)k 3] pLB 2
PR ERE VAR Z M pLB 4844 0.5 L Insert DNA
0.6 pL.2 x Reaction Solution 0.5 pL . Blunting En-

zyme 0.25 pL T4 DNA Ligase 0.5 wL, /)5 /il ddH,0
WREES plo EFER YRR 50 Wl iz
M AT AL, B AL IR IR R Y 2 BRI SZ AS A
B BT,

PRI AT A EA R B TR HEAh 2] 4 mL 1Y
LB iR AR SR b B 35 B IR 46 9 37C R 150 v -
min " F53% 12 ~ 16 h . FFRAFIFEIREL 0.5 L fE
BEMR AT H K PCR %7€ , W PCR 1 S0 4% 11 [
1.4.2 75, PCR %@ A AR B, B 1 mL 3651 1%
HEWEAR (i) A R A
1.5 #EAbE

o 7 A A L A6 a6 JCHE £ Excel 2010 #1
SPSS 13. 0 &R 47 115 FAL B, 0 2E 1 31) %
JH NCBIL | 1 BlastN 3 4 i 47 75 £k o xF, #
DNAMAN 6. 0 B fF k47 22 8 ) 51 be X [ 9544 53
Mro Z LRI A B P 91K U8 T GenBank,
FOB S W R . AB066292 . AB066293 | AB086846 |
AB065423 EF363682 .EF363683,

2 HREAM

2.1 BEARRHIAESER

AAIR WA PEIE B 0 BT R AT ML R A T
6 LRI 18 Ty N H R ALRILE 2, 6 Hubt
M A R RAZACINR, B oy S Ry 43.23%
IfiEHN 6.08% , V-2 A 58N 18.59% o A Hiuji 1
FERUR R O 14,99, A8y 1. 52, F- ¥y 1 45 B0
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6. 67, SAEITIIFAR TSI 15 B =i o 31,15, 4%
&0 0, - s 1680y 11. 86,

M2 Frdunl A AR R 7 b AR T A
TR IR B 18 48 BT AR 22 57, 26 R 2 JhE
JrR T R BUINT BRI 1 15 8 AN [RIAE T
ALEA T U, RIVEE AL 7 o 5 1 R ], S ik~
PRt AE B AR . 6 SARHIAIAE T 2 4 SR

MIRETT 2 F 2 SRR T 2 BORE D7 1 8 ECER
11. 36, {H 355 Mk 19 ~F- 247 155 4 &0 ) ok 31,15,
11.16 F114.34 , K0 6 SEEHEE T 2 5 4 SkEH
MIRETT 2 A2 S REHBIAE D7 2 A EE, OO Bk B
NG s P e Ry o) & LY S E Y S ]
o 1 2 5 ] g ] 1 DA 1 8 £, BE B 4 179 S e DA
R FERE R R A B

®2 BEMARKHFRERAESER

Table 2 Survey results of witches’ broom disease of Ph. praecox

L HET RETT R GRTHICE R R R R T TR A RS RS REHUIR T 15 2

Plot  Quadrat Incidence of quadrat/%  Disease index of quadrat ~Mean disease index of infected bamboo Incidence of plot/% Incidence of plot
1 11.11 2.78 17.50

1 2 7.14 1.79 6.25 6.08 +5.63 1.52 £1.41
3 0.00 0.00 0.00
1 8.33 1.67 10.00

2 2 27.27 11.36 14.34 21.87 +11.80 8.51 £5.95
3 30.00 12.50 11.67
1 18.18 4.55 9.38

3 2 0.00 0.00 0.00 9.76 £9.16 2.44 £2.29
3 11.11 2.78 15.38
1 60.00 22.50 13.31

4 2 36.36 11.36 11.16 43.23 £14.60 14.99 £6.50
3 33.33 11.11 8.91
1 20.00 5.00 12.92

5 2 9.09 4.55 23.08 9.70 £10.01 3.18+2.76
3 0.00 0.00 0.00
1 22.22 11.11 19.03

6 2 18.18 11.36 31.15 20.87 £2.33 9.34 £3.28
3 22.22 5.56 9.38

2.2 BIABEHEE S DNA ZEUER
AHFFEARI T 2 BENBCRE AR A9 AT B4 46 | A B

AT BRI BABCAE AR R JEL ) A4 45 sk DNA

SRS DNA FE S EATBEMC FRL RN , A2 BUAE Al Y

9 10 11 12 13 14

M:DI2000; 1 ~ 22 : FIBIEIR A/ 323 - (R A /ML

S DNA G R/N—F JE T2, T A RIS, IR
JCHE AT RNA {555 (B 1) o L, ABFR RN
A DNA ¥R By (BRBE G A /D, AT DU T IR 220 43
TR

158168 170 188 198 208 210 22 23

W o

k " e s AJ

Lane M: DL2000; lane 1 ~22: The twigs showing symptoms of witches”broom disease; lane 23 ;healthy twigs

BT A/ NEEREUR AL DNA KA

Fig. |

Totle DNA extracted from the twigs of Ph. praecox
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% F 8] % % R16mF2/ R16mR1 il R16F2n/
R16R2 X 2H 1 DNA #5755 PCR § 14, PCR
PG P A T IR NR W E I LUK BT, SRR,
TR IS 4 BL Y DNA FE S BEAZ 7 38 1 24 1 200

bp B 26417, BT A AT DNA BE 5L B BEAE 370
T MTAY 1200 bp FYAHF (1&2) o RIIREM H A
FEAAR DNA 1775, RISCER 1 AT ARG 4 R 49
P ARAR A

6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

2 000 bp [

1 000 bp
750 bp
500 bp
250 bp
100 bp

-

M: DL2000;1 ~ 22 B iR AT /M523 - (R AT/ VB 24 - JEOR AR /B
Lane M DL2000; lane 1 ~ 22 Infected Ph. praecox; lane 23 Healthy Ph. praecox; lane 24 . Infected paulownia
K2 s PCR 9k 16S (RNA KL B
Fig.2 Nested PCR amplification of the partial fragment of 16S rRNA gene

2.4 BYAEFEBEREM rDNA-ITS F5§ 1
KB %T ITS1-F/ 1TS4 X #EHC K DNA £ 5

HEAT PCR 43, 7 34 7 Wy 20 47 Byt g 0 86 fie Wt YK 40

Mo MEEHATLUFE H, A 28 SEECE R 9 FAT

AR FRRERS I 1 24 600 bp 1) DNA Z&i7 , T2 L R
AT AR AL AN RE A 7 1S Hh AR R R/ 25 (11 3)
FILEIEIA 9 FATRE ity AL RO R o

MEE SIS 2 34567’,891011':121314151617181920212223

2 000 bp [
i .-‘, g{
1 000 bp R
750 bp

500 bp
250 bp
100 bp

<t & 'l w ©

BE S SN o Y e Y ae v e e

M: DI2000;1 ~22: FKIABHER AT/ 23« (AT /M
Lane M; DL2000; lane 1 ~ 22 Infected Ph. praecox; lane 23 . Healthy Ph. praecox
K3 PCR ¥ R E AR TS 741
Fig.3 PCR amplification of rDNA-ITSsequences of fungus

2.5 PCR =HRId REFF IS4

PCR 3" Hh B TR xDNA-ITS J¥51, SR FHSEE (o]
Wil & el alifl , 2lifl )™ Wy i 6 5 pLB AT 5%
PRI ISz A A . PR AL B L i 7%
HRP T LB AR R AL 3 DR 1%
P55 95 5 B ERCR ) PCR Lt 4L T, E4 T
IREAT LR BOR (L) A R R o 0 A il
2R, e BRPAT ARG o I B PG tDNA-TTS 35114
HE R BEI R N 585 ~ 586 M H IR, 45 1TS1.5. 8S

rRNA FIITS2 {44 751, 40 % /7 51 7€ NCBI
kAT BLAST 347, 45 3145 AT AU s i 400 o %
KA W) B P9 M m PR . TR X &
B AW 0 5E /0 5 5 T A R B Y 8
(EF363682 .EF363683) 11 [a] I 515 99. 00% ; 5
B RYAEPTET 0 )38 3 TR 1) e 91 [] M B 19 24 Clawi-
ceps phalaridis ( AJ133399) , 3 H W4 2 8] 19 [R] IR AL
H 94.00% A5 v B AT AR 09 9 5 B
PP EE AT . K DU E 17 5 F1 GenBank "N 24T
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BI-7 38 2 T P 4] AUUBCR [R] 9 < 3 (482 bp ), fii ]
DNAMAN 6.0 47 Fp 51 i) 22 5 LU X, 45 3R R W
JF 41 1] B4 [ 91 K 99. 65 % , I 5 41 55 T 4% 38 1Y
Wy ¥ SO i T 0 AP At 96 e 28 T ) e 51 ] e Ay
99.63% |
3 Wi

¥ IO R 12 R A T YN ZR 384T 7 DX )
TR E , FAE 20 HH209), H AR 235 0 % 00 5 i
TPWFSE, B H AT C 28 %€ WA 190 I i A A A A7
RS FE TR AT BRI T AT SR AR A IR
X BB S B 23 LR 5 1R G I U A T 25— AT 7
Fo BBUE AT ARZEE PR R AR, W AT
TN IR ) B S8 BOR ST B0 B A e
FRIRSERA TR M o A IS PR AR
16S rDNA FIELEE rDNA-ITS 55158 S L 5 1 x5 A7
T IR IR R T 05 S, RE RS 42 1T HE
i b 5 7 R R o DR

FE R AR — 25 REAE 5 2 1 000 Z FiAE 1 & 05 1
o S TR, T AR DR A AP T A4 A5 e B 7 2 1y e 7
FEIRZ — , A R BN AR | 6 Bl S AL A
RGeS b TErP E R BN H AR SR [E XA A
JEAR S M AT F AR I RaE T o ASBE S LR W
TP BT A AT MR AR 31 28 1y R BLAABRE R
AT, AR & SR R, DNA ) T AR 5L
G I T 1) 5 400 2647 R SR PR 57 7 51) 16S rDNA
A4 38 , A DU it o A B A R . SR T R R
TSR I LR DNA R & (BHPEXT B th™ 3% 0y 17 B
AR B, TR BT A R B B8 S AT R i v 2 AT 3
B AR B, 2 BT AED A R R AN A A
R, BIAHIESE Y AT B AN 2 A AR S R

MM 4% DNA w7 34 %% 5% [8] B X ( Internal Tran-
scribed Spacer, ITS) BEHAT R~F M, LAER} | J& (FlK
V- B HA R ER) A B T HLAESE DN 2 A7 T
At 172 000 24 KB E R ITS J731, a] Lhda 7E
2R LU PRGHU S A E IR R 2 2805 R B TTS )
T2 30 T B TR LR R B BB TR ) B R
BT ZEARBESE I, (] xDNA-ITS J3 5114 535
Yoxb ITS1-F/ 1TS4 47434 W, BT A O /Y 547
DNA #£ i I REAE 4 11 29 600 bp 1 H Y 4577 , 1
R AT R S 7RI B BRI G AR, RAEY
700 bp &b I ZH 58 B A4, %2R AT BE AT T
WATE TS Je 3t o 373 A% B Y 25707 v B 2 2k

pLB FEATIN Y ¥ o3 FIAE LR LT, e B S i
TE BT R0 A B 1R A 8 R PR A 99. 00% |, ik
AT KA 958 490 0 22 1y R ( Clavicipitaceae) 1
PrAT e BE R o AT F0RE 3 R 1) T2 2R Oy 20 0
PR o A AR D, TR A AT
BIUR 22 H 57 B R0 B8 7T Bk, B 1k D T ) 4 B
i,

AT RE T AR VLA T £ i AT AT AR
T A, 6 BRAEHL 18 NRE TS 1 2 R R
18.59% , VXl Ha % 6. 67, F W A5 i) FL AT Az
&R AR o AU FAT A ) 8] £ 45 SR 5 R
BRI A P (TR A 45 S L WA 1Y
AT S, X R RS H Y AT AR 2258 5
A Ko I FCBRETT A 1745 R 25 D7 I bR
M- a1 8, KB E Z B A e —2.
7 I 15 R R SRR T R O KT, R BN RE
7 B SMAR 1 B0, FCAE TR A GE T s 5 R R R
AR Z A T2 T AR A [ BCAS i AL
TR AR M 2R S . MIASHE SRS AT AR 19
T T FAEAR 1) K JRE HEAT 0 G, JoF T B 1) 4% B
SRR RO R HEAT B —GE it IR T SRR O vh R ik
(g 41 0, TR 20 M T S T A SRR AT B A
PR o BP0 S A0 25 5 REAS B 4 1T 3t S I DA
Bo 1 FAT_E A fE EAROUR = AL o

4 #in

A5 R FH 40 o FEC B DR S 8119 PCR 51 9)
XA ISR 0 SR 1A T 03 2 5E , SRR,
P AK (0 S5 40 oA A 1 3 288 1R 5 30 ok 0o s 7
FIVRAE G AT, K MG 1E W T A8 SR 2 &
B AT ERRBEAEE , AN S X A 7 2 T A
HRIIETFIR o A SCHFTEEE R AT N FAT A
TR E TR W iR LA BIIRRCR B SR R
Rt

S 30k
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