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SEL BExY OB &L R Y, Talc, FHy
Crp EARNE R BRI R TS, AR B AR K S, dbaT 1001935 2 R R K SR A S )
BARZBCRM R, bt 100193)

B OE. BRR A EEI T (Chrysanthemum stunt viroid, CSVd) 5l#g. MIbxt. 51
T A NERIG IR SORAE T 122 AN AR K R PRI R 5 1L RE i, A Sk CTAB VAR IS 46 5 RNA I,
W PE R ALK CSVd, NH] RT-PCR X FIPERE ST b W)w . BERAAS S R, TERII 122
AFER A 14 AR T CSVd, RN 11.5%; BRI RIESN 4 3 AMBX 94 CSVd Ik E. F
FULLH S M4 TR W], (¥ CSVd 43 B -5 6 RN AR 23 B3 (K )7 8 dse S B3, o 3L e s Mg AT o i
RIL, 5 CSVA IS %75 (NC002015) AHEL, FrakfFnrE cSvd 4 @ity AR A 21 MR
TR CRZALT sk FIBOR X D, H IR 5w L4 B ke e AR 4544 .

KW HAL; AEBIRTE; BEAARAS: RT-PCR; JBHI5MHT
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Molecular Detection and Sequences Analysis of Chrysanthemum stunt viroid

ZHANG Zhi-xiang', GE Bei-bei'?, PAN Song', ZHAO Zhe'?, WANG Hong-qing®, and LI Shi-fang""

('state Key Laboratory of Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China; 2Department of Fruit Science, College of Agronomy and Biotechnology,
China Agricultural University, Beijing 100193, China)

Abstract: The chrysanthemum stunt disease, caused by Chrysanthemum stunt viroid (CSVd), isa
serious threat to chrysanthemum production. To survey the occurrence and epidemic of CSVd and analyze
the molecular characterization of CSVd isolates of China. In total of 122 samples, including both wild and
commercial cultivars, were collected from Beijing, Wanning in Hainan, Harbin and Hefei in China. The
total RNA of chrysanthemum samples were extracted by modified CTAB method and then detected by
dot-blot hybridization using cRNA probe of CSVd. The positive samples tested by dot-blot hybridization
were further detected by RT-PCR. ¢cDNA of CSVd was cloned and sequenced. The results of dot-blot
hybridization showed that 14 samples were positive for CSVd, which occurred in all the regions except for
Harbin at infection ratio of 11.5%. Sequences analysis indicated that CSVd isolates of China shared the
most close relationship with CSVd isolates of Korea and Japan. Compared with reference sequence of
CSvd (NC002015) , there were 21 mutations for CSVd isolates of China. The prediction of secondary

W BHA: 2011 - 08 - 18; fEEIEM: 2011-11-29

EEWHE: FXARFPHEEIH (30970134, 30811140157, 30771403)
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structure showed the mutations, most of which happened in pathogenicity region, have no impact on
folding into stable rod-like structure.
Key words: chrysanthemum; Chrysanthemum stunt viroid; dot-blot hybridization; RT-PCR; sequence

analysis

A% (Chrysanthemum stunt viroid, CSVd) 12 43 e85 ikl , SRS, 16
{6,445 %% (Diener & Lawson, 1973; Hadidietal., 2003), H&ELIFAERGE ] (Hosokawa et al.,
2004), JEERZN LM B E TN . CSVA MG, AR, H &R, F 0 S
BEEATPOE . RIS W H S E K BT B, IE&In Ik (Moschetal., 1978; FRh 4%,
1981; Z=tty; 4%, 2002), BE %38 (Candresse et al., 1988, 1990), ZHZAENiC 4438 (Hooftman et al.,
1996), RT-PCR (Nakahara et al., 1999) } Real-time PCR (Mumford et al., 2000) 5 R4%) 12 vV
HF cSvd .

CSVd | 2 A T A 4 A6 P IX. (Hadidi et al., 2003). 104K [E A1 H A A 4546
I EIATHIIRE (Chung & Pak, 2008; Matsushita & Penmetcha, 2009). H1[EF 20 thl /(. Ju
TAEARIRIE T CSVd R (BRI 4%, 1981 RAKFFFIEFFHE, 1991), 2010 4, {EHLEHRG T T
A AE AR DX I 3 3 A R AT . AR R H AT L, X CSVd G I NIRRT E CSVd s
IR 0 R AIE A5 ] RAT SR DB 5 o ASTIF T A A FH B 55 %48 A1 RT-PCR 25 H5 AR A o [ A [A] HB X CSVd
(R, Sl P A5 BT R W vh L CSVA 23 B 3 THREAE, LUk e DR B7s 42 3 A R A0 o 1 v [ )
AT J B85 BEAilh o

1 ARSI

1.1 ##

2010 4 11 AMAERT. R T AAEHIG RIS 4 DMBXCREE 122 g et okt Gk D,
2010 4 12 A, 72 EARNEARRA BRI ORI 0TI AR BT AR 2 1 5K B SIS A A R

1.2 #ZERIRER

FAERE R R RNA RIS % ik (Li et al.,, 2008) 1) CTAB 3%, JFmsAH kit 42 748
Iz rh NaCl fl B - SRk QIR A, I R S0 - S005 (10 1D B TR HARh:
WRMTEE 0.1 g Zhilint F, B HEEN 1.5 mL B0 AN, 01 mL 65 CHEAT AN CTAB $EHUZZ il

(100 mmol - L™! Tris-HCI, pH 8.0; 20 mmol - L'"EDTA; 2.0 mol - L NaCl; 2% CTAB; 2% PVP;

fEFHRTIN 2% B - SEE LW 65 CitE 15 min, 13 0001 - min™ 2.0 5 min. B IS,  INEEAARR )
By G0 (1: 1), JR%IEAIE, 130001  min™ B0 10 min, HAE 1 k. B, M0 0.6 AR 1
SENEE, 130001 min” B0 10 min, FF LWL 70%QEEVREDUNE 2 K. Bda, BUTER T 30
uL KR KH o BRI 3 ~ 5 uL BEAT SRR BE e KA I, JE H OD {8, IGIZIR I i .

13 3I¥RIt5EM

%} GenBank H' L ¥Rk CSVA AT L, SRJGHRH#ESH T4 (NC002015) FELRSFIX
W% 5. &I 514%: CSVA-207R (5-AGAGGAAGGAAACTAAAGGA-3', 5 188 ~ 201 fir
BAL RSN L AN IER514%): CSVA-208F (5-CCTGGAGAGGTCTTCTG-3', 1 208 ~ 224 11 & Ak 11
JEA RIS, WU H 0 B/ 356 bpe 5190 AR T A AR M 45 BRA B 6 e
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14 RT-PCR. m=fEXRMNE

F 55 : 20 uL Y RT RNAKZ A, BB 2 uL, M-MLV 5 x buffer 4 L, 2.5 mmol - L' dNTPs
4uL, 2U -yl RNA BEMEIF 1 L, KRIE514 (20 pmol - L) 1 uL, M-MLV #5558 (10 U - uL™)
1uL, BiddH,O % 20 uL, %), 42 Cit A 1h, ¥K#F 2 min, -20 °C 474 . PCR: 50 puL Jx
A%, M 2 x Long Taq PCR Master Mix 25 uL, i+ K514 (20 pmol - L) % 1 uL, RT =4
3uL, %k ddH,O %250 pL, W2, PCR MNAEFH 94 CHIANE 5 min; 94 'C &1 30s, 53 C &
X 30s, 72°C M1 30s, 30 MEH: Iefa 72 T 7 min, 4 CLRAF.

PCR "4 1%Ba bR LUK AT U KA 5, ] Axygen B Iab Bk i 1ol Wieist ) & [ iie H i)
FBG R &R S pGEM-T (Promega) AR I, SR G#HAL KT 13 DHSo 22540 M0 . PRI
WG, UM PCR % P s b, i ik 2 A R R BR A mIHEAT 17 410 5

15 MHEZER

1.5.1 cRNA #5444
HIEEY], K5 CSVd 14K cDNA f B4 ikl (pGEM-T/CSVA) k. 4lifbja, LA
CSVd JFH RIS IERE cDNA AR, i RNA & (T7 80 SP6), fEHbm~Ehric UTP
(dig-UTP) fFLERI RN AAT T, ARG s M AR 1) CSVd [ H8E RNA. OMAR R (20 pl)
K AR EELALTR. > 1 pg; 5 x REERKZEMW, 4 ul; 5x NTPmix (7% dig-UTP) 4 puL; RNA
BN 2 uL; RNA AW (20 U - ul™") 2 uL; #b ddH,0 % 20 L. 1R41J5, 42 CiRE 2he &
45T, AN 2 pL DNase | , 37 CUAH 15 min, WitbMEb. /5, WA 2 pL 0.2 mol - L EDTA
(pH 8.0) Z LS, -80 CIRfF.
152 BEEZR
FEAS P B 5 2 A8 JEAT L (8] 280 A A 5 PRS0 T, e S0 0 a4 P Aofs 5 8 SR s B AL DU 1 SR S
FH5 ug CSVd FHEEFIFIPERE S RNA, ARIHEAT 5 x W PERABERRE , Ik 228 fff e B4 A 1
R . HEAT 556 RE AN, B 1 pg B RNA, 3@ i . #5 AR TE)G, Sk
52 (1200 x 100 pJ - ecm™) o IIAZLATH (Roche), 68 CHIZAZ 4 /> 1 hy I#&%F (20 ~ 100 ng - mL™
FATH), 68 CIMATII « ZAC LG, 774438, H 2 x SSC. 0.1% SDS & VLM 2 K, 4K 5 min;
FHH 0.1 x SSC. 0.1% SDS 68 ‘CHLM 2 ¥k, BHK 15 min; $365 H 1%3 R = #HE 4 30 ming JIA
Anti-DIG-AP #4437 ‘Cilt & 1 h; 2 J5 A4 3 ~ 5 mins fJa, FEME EhN CSPD AT K
TR B PG o

1.6 FIIMES S

P @))% 517E GenBank 14T BLAST 0%, #iiAJ/F41E 755 CSVd Y. 285 H Cluxtalx
1.83 BT Z P ALt 07 Al Mfold (Zuker, 2003) il CSVd RNA () 2k 45#) Chttp: // mfold.
rna. albany. edu/), A5 H RnaViz 2.0 47404 .

2 HiIR50H

2.1 ERIE
) A B, A3 L6 4G 1E Rl CSVd JG HEANRIUH BAEIR, A LIRS, FF HR[A K
995 AT R BLEIR AR R . CSVA A2 YLBELE— Rl AR EN4G 16 s Al L5 Dl i B BE AR (B 1, B,
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YL CSVd 1) H T HAew it A B RS IR SR AR (B 1, ©). HE B CSVd
i FERRBR AR (B 1, D)5 SRR RIGERL; AN, TCRREREH BE R .

NE

¥
\

1 Csvd #EHELIIEMAER
A {ERESTE; B: YL CSVA BIRAN MM IER I I BESAEIR: C: A9dE B YR kR Sk s 1k s
D: At ‘T AR R .
Fig. 1 The symptoms of CSVd infection in chrysanthemum
A: Healthy plant; B: Chrysanthemum of unknown cultivar infected by CSVd showed speckle symptoms; C: Diseased chrysanthemum
of ‘Summer Yellow’ showed yellowing along leaf veins; D: CSVd infection caused chrysanthemum of

‘Golden’ showed dwarf symptoms.
2.2 IZERIRER
i 3t i) CTAB EHRIUFE i s RNA S5l E 3L OD {8, 45 R E/RFTS RNA FERIF Aseo/Asso
N 1.9 ~2.1, RNA W EH KT 500 ng - uL™o XK WIS (1) CTAB V5IE & T4 16K 0 108 RNA 425,
23 RERYENZE

BL M RAT G B R U A R A5k 0.32 ng st RNA (] 2). B S 4 CSVd & 1E A
T ANTE A AT BEAEAE I 22 S, Ay RnT eI S B 4 K A, R SRR R AN D 1 g
B RNA T CSVd BT S 282Kl

b#Ef/ng  Sample of loading

0.04 0.008  0.0016 0.00032 0.000064

m.oa‘

B 2 %HIEHSE CSVd MR Z 10 R 8 ENE
A JBRIHIAERERL: B: (RN
Fig. 2 The sensitivity analysis of dot-blot hybridization detection of CSVd
A: Chrysanthemum infected with CSVd; B: Health control.

2.4 HEIFEFESAEN

N BE 55 22880 AR 122 A2 ACRE i ATA I, g R 94, ‘B, ‘13 57 FIX
H A NEE AR A0 SRR 3L 14 ANEESL Y CSVA B, PN 11.5%. Hb, ‘F# M ‘13 57
PRI 5 NFES ISR CSVA 2 YL, T AT RN RTR & 2 ANFEREYE T CSVd (F 1),
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F 1 HEAFEHERRERRT RN RRE
Table 1 Chrysanthemum samples used for this study and infection ratio of CSVd detected by dot-blot hybridization

PR AR i /4 DA o B it i BEIRE h 2

=] 3 =}
éu TE . ]i;@lél 0 No. of positive samples/ é” Tz . Hi[X Region No. of positive samples/
v ceto No. of detected samples witva No. of detected samples
135 Bl 5/5 LT Jent 0/5
Thirteenth Beijing Green Peony Single ~ Beijing
ESN | e 0/5 IKE Jet 0/5
Deliflame Beijing Pinwheel Purple Beijing
LIREDd Jba 0/5 SIS Jea 0/5
Le Mans Sunny Beijing Pinwheel Golden Beijing
I B2 P Jeat 0/5 " Jea 515
Spinelli Beijing Summer Yellow Beijing
Athos Jext 0/5 i 7% Jen 0/5
Beijing Texiu Beijing
i I IR 0/5 HHE Jext 0/5
Fall Color Harbin Edible fungi Beijing
At e 0/5 i HEr T 0/15
Orange Beijing Jinba Wanning, Hainan
R IR 0/5 s T 2/18
Yellow Osmanthus Harbin Golden Wanning, Hainan
A Jext 0/5 ARH i 2/4
Strawberry Beijing Unknown Hefei
LS Jext 0/5 BT Jent 0/5
Single White Beijing Single Red Petal Beijing
25 RT-PCR. TREFAMF
XS PE RS R BIVE R B CEB M
U357 RERIOSIERE RAT RT-PCR Kl
PCR H1% 1%B IR IBEE ik P07, PP R
BT LTI/ A 356 bp 1 B (B 3 AR =360
L ). KR IR SR DL F 507
B B H W Benliie s ik )5, 44 pGEM-T 3 FEKEG CSVd B RT-PCR 43l
zﬁﬁg’ #%4{ DH5a. j(%ﬂo /I\Fﬁlﬂi:l:lﬁ/(] M: D2000 plus DNA marker; 1: 7KXFHE; 2. {d X i
- . 3. BHET HAEREAh: 40 PRI
IR > ~ A ANBHA 4 113
I ﬁénu &ﬁ*ﬂﬁiﬂﬂ 2 3 BH @ﬁﬁ%lﬁﬁT}?ﬁJ{)J Fig. 3 RT-PCR analysis of CSVd in chrysanthemum
*E o M: D2000 plus DNA marker; 1: Water control; 2: Health control;
4%_ ] r%* ?%[‘ i” E{J }“%‘ ﬁ” %E GenBank EF‘ i& fﬂi 3: Chrysanthemum ‘Golden’ ; 4: Positive control.

BLAST &, ffattfisl 22 474 (R 2). K/NA 353 ~ 354 bp, 5 CSVA &% 741 (I AHIMES)
KT 90%, VLT3R T CSvd Fs. Hd, MW “Ba @Eyhia s o &vsit, 16 &7
Flsed—3 13 B BN 8 &IFHINA 3 &F68G 5 & CHE SBEMNTATR, 3
ZIFAIMIE (K 2), £ CSVA MBS IR “HER” B,

2.6 FHILLE D

BRI 22 457415 GenBank " U8 K CSVA JRABHTHEXS . RILHEK) CSVdA 40 34
(41 5 5 [ R L AS TR 23 B e B (32 200 “13 57 Zh Wb i) 8 45843 5 H Ay B4 CSvd
25 F s CEE RPN S KIFAILLR CBEE AR HNS-1 RS Z AN 6 457 51 B
AL T E s esvdll, JRH CHIF M AT S BRIk S E S E cSvdll 1
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Feo5eds—8. XKW CSVd T RE 2l i SOHAT R 51 AE P [ 5 8 [RLRT H A Z 1819 1

F2 Csvd FESEMHFTILEMERSH

Table 2 Sequence and mutation analysis of CSVd isolates of China

N T
i ke Jolbp  BEIEHT) I PO
Cultivar Name of clones Size The closet CSVd sequence X
with closest sequence
W4 HN5-2, 4, 6, 7, 8, 9 354 CSVdI1 " [H 4 B4 #5875 No mutation
Golden HNS-3 354 Korea isolate U101C;
HNS5-1 354 CSVd17 HASy &4 C195U; A298U
HNS5-5 354 Japan isolate A298U
2 X-5, 6, 8 354 CSVdl1l i [E 5y &4 #4587 No mutation
Xiahuang X-3 354 Korea isolate G122C;
X-10 354 A336G
13 % 13-3, 7, 12 354 CSVd25 H Ay B4 A169G; U190C
Thirteenth 13-4 354 Japan isolate A169G: U190C; U195C
13-8 354 A169G; U190C; A327G
13-10 353 A169G: U190; U295-; U305C
13-11 354 A169G; UI90C; Al81U
13-14 353 A169G; U190C; C207-

* CSVd {752 BT 7 RNA $d#li)/% (Subviral RNA Database, http: //subviral.med.uottawa.ca/) .
* The numbers of CSVd refer to Subviral RNA Database, http: //subviral.med.uottawa.ca/.

2.7 ZREHTAM

I Mfold X 3RAH 22 4 CSVd [@AIt AT — 2 ghitg il . 5 CSVd Z% 7% (NC002015)
L, FT3RISH CSVA 4 W 41 Fh BARTE 21 NS KA T 58748, (HIF R 58 Ho AT B ife e B
PRk (4.

1.0 B0 [R][E
"ll\a‘; u‘ Gl
8 P

A I =
: Joeeactiuacy
ToCCULG, AUGA
|c Vi 1T

358 Tﬂ

Gg.cA
G:C
B A U=
C:G
u-G
U-A
cC:G
C:G .
74— GAAGU  AAGUC—113

4 CSVd MIZRGMITNRFIERSH
A: CSVd I 4H; B: HPLEISE. To: ZAARERX; P BURK; C: fRYIX: Ve WA Te: AAREGX; HPL: KFKLH I
RY: ZJ# RNA 5% LHEROMEAEMWEEEET . LEFNERE DR EYEIRZEEp 38 (Pospiviroid) LR~ Loop 6 £if4H:/
GBI MBRHE ) Pospiviroid A {R~F RY 4544517 #i Shmid MARR B TE R A5 P41 s S0 T HERRIE (RS AT 1
I3 IR IO SRAS A T HE AR AR AT K70 25 W7 51155 GenBank H1 8 3 )P AU LA AOBRAE 52 5
SELARIRKE S ST A, AR R I E SR8
Fig. 4 The predicted secondary structure of CSVd and analysis of mutation

A: Secondary structure of CSVd; B: Structure of HPI. Tp: Terminal left; P: Pathogenicity region; C: Conserved region; V: Variable region;
Tr: Terminal right; HPI: Hairpin I; RY: The structure motif mediated interaction between viroid RNA and host proteins. The red character is

Loop 6 conserved for Pospiviroid. The green base is the structure motif RY conserved for Pospiviroid. The arrows indicate the bases that can fold
into HPI. Solid square frames represent special mutation in this study. Blank square frames represent common mutation both in isolates of this study

and the sequence deposited in GenBank. Solid line indicates sequence of reverse primer and dash line

indicates sequence of forward primer.
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MRS E T RR Z R TEOIX A (B 4, Ao 5N RENSEH. B UIRB 3%k
YyF I RE ) SEDLAH S 45 #4935/ (Baumstark et al., 1997; Zhongetal., 2008; Takedaetal., 2011)
PR D e A 584 o (AR RIS, AP IR X A EE 103 A2 U AR T C, IXAE T 5%
93 55 IR T BT D) UIAH D I R I 45 M T (Hairpin 1, HPD 458 (B 4, B); fE5FOMH1E
B ERN IR ST K1) Loop 6 FEF A, X 21 4574158 320 A2 C 40 T U.

3 e

AHFFT AL BE R 284N RT-PCR V05 7 T 4 A PR X N A IR A T IO A AR E i AT T
Rl 5 % e, e HW o CSVde BE— AR, fErb E ALt ppty” SR g 46 LA
LR )RR AN RS AL BB CSVd [k AE. XEE CSVd 7 BT T AT,
FI TR W E CSVd 7@ S HA, s CSVd 173 @Al i L. BEAh, dxd
CSVd 73 &P HIBEAT T AT, PrafA3 i) 22 4 CSVd 7 B 514 RENS 3t 8 iRe e X
WFRGE . (18] 4),

TN BA L IR BAC 1), AERAT = TR R . RNA B IR ME.  FAT, kA
H 5 Bt AR R R U 5 RNA o ABIFFUE T Sk 1) CTAB D5 IR T U 3 4 L RNA,
M HHTE 0.1 g SFrlemt gt T LA 2] /0 15 pg AU RNA. 3480 RNA BERS I L BE A 2 S
RT-PCR Kl () 25K o S0 K) CTAB VEBAANBURAT, 1o FaRfERIAE. Ik, nTRUH T RIS dh
RIS -

W R 5 ) A R AR R P TR T (T B2 . A AP B CSvd 7 ) S AT H A CSvd
P EPINI R EAL, MH BT R SRS SgAesr b U AR IR 1 R 8 B E o R 8 e
S8 AR AT, e RIEJLEF EMNH ARSI eI eA ) 3 20 A T
E, AEMNHA G STEAM R RE R, CSVA AT RER S I AR E BTN, JF HEEE R4 R
ML . AWFFEIR B NAIST CSVd fEH E A H A S E W AT A it TR, Bz E
PRSI KR, T HBcA o o CSVd 73 B I AR AR EEA T SR AN FOIT S

e A 07 SRR 2 FEVEDUE T CSVd FEAN B R AR 1T & 3. h B AR FLAE 30
FERTARIE T CSVA R (BRki &8, 1981), Wb s IR IF Rt T Ho2imwies, (E4
EEDIE R A AP R IX A TT 6 R BLIRAT 35k o AR FA7E 20 HHE2E, CSVA mAESG R . I ACHIRRHH — L8
FIEHE FKIRAT, JFHET b4 Mg i 1™ BN H1% (Hadidi et al., 2003), A& 5 )
PA/INRRRSE SR e s g A2 26 5 SO IR ) CSVd AE R AT R E L R 3 R, sk o [
DIAE S PR I AU AR P DU REAR G A o BRI 1) e — AL M BT A R R AL ) CSVd 1itAT
PO TR AT L, A JE AR5 AL dh Rl K 5 RERRR R 1 287 b E N 58 CSVd s e AT . 1k
Ab, BRI, B R ML SR DRIk, A B AN [ A AR S Ao CSVd it
PEREATVPH . DU 5000 R (K855 8 S vl R Y (st A D25
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