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WE. [EH) AHEEHRB RS (Strawberry mottle virus, SMoV) 4T 4k 5, & A A # & PCR
Aoy TR TR BRM I SMoV 8773k, L7731 A RT-PCR #3§ SMoV 3’ Fk4# X (non—coding region, NCR) #n
A4FEE (large coat protein, LCP) FEMR K B, Ity 8 = AT mEMF. FIR £ 8RB
TRABRASBEULEFHERRILRE AR, SEMNFLER, 7 MoV FEEARTF K EIT51 4, FIH#&E PR fode
BB AN MoV, [4R1 KB T SMoV HE B NCR R fndfs LCP REAMBTF T, T FH0EHH o LCP
HEGBFFIFREHN 76.8%~99. T%h. RAHNMMTETFE 2 HMENBMAMIEHE XM, SNERZLEY, 4
ANHESBEYFE I, TATZLBAFH AN RER —%; LMEELXBEN SR ELI B ELKFRE,
BB — AN LB F . BT T FIR 5B POR fudk FOEREARMSI SMoV AR R, REEZTHMPR, [4
w1 MoV AR B ERER, BESENTEZ MRS RO AT EMERARTEI S, FA
# % PCR fn4s Fo3 58 UK 7 A 8040 M SMoV.

KGR EHEMBFE; RT-PCR; #E PCR; Rf; RHHAH

Studies on Molecular Variations and PCR Detection of
Strawberry Mottle Virus
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Abstract: [ Objective] The study was conducted to analyze the characterization of molecular variation of Strawberry mottle
virus (SMoV) and develop SMoV detection methods by nested PCR and transcriptional enhancement techniques. [Method] The 3’
non-coding region (NCR) and large coat protein (LCP) gene of SMoV were amplified by reverse transcription-polymerase chain
reaction (RT-PCR). The specific segments were cloned and sequenced. The characterization of molecular variation for some isolates
of SMoV and phylogenetic analysis were studied by using some bioinformatics softwares. The primers were designed in conserved
region of genome of SMoV by analyzing the nucleotide acid sequences. SMoV was detected by nested PCR and transcriptional
enhancement techniques. [Result] The nucleotide sequences of NCR and partial LCP gene of Chinese isolates were obtained.
Sequence analysis of the partial LCP gene of various SMoV isolates showed nucleotide acid identities ranged from 76.8 to 99.7%.
There was a slight tendency for isolates to group according to their geographical origin. All of three Polish isolates, four isolates
among seven Dutch isolates, three isolates among four Chinese isolates formed a small separate branch, respectively. Two Germanic
isolates had the far relationship with other isolates, formed a separate clade. The detection protocol for SMoV by semi-nested PCR
and transcriptional enhancement techniques were developed, respectively. Both semi-nested PCR and transcriptional enhancement
techniques were rather more sensitive than standard RT-PCR. [Conclusion] It had the enormous genetic variation for SMoV
isolates. The Germanic isolates could be a group for representing of a specific strain. Based on the primers located in the conserved
region of genome of SMoV, SMoV could be steadily detected by semi-nested PCR and transcriptional enhancement techniques.
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1984 H VSN A S 41 %

0 35

[ 7 ] S BE % B (Strawberry mottle
virus, SMoV) J& ™ Hif 3 BLAE A PRI — Mo i, R
MUZ Gen] FHEAMRIESS . RIAL N WS,
30% /545" SMoV Rt FLE M2 0 A, kR
3, E 5y KT 1 WA LA S s O S AT
FEAO P s 1 A 7 AT B e DT AUk ]
SMoV Ji #iki T ARG, H A% 28~30 nm™. s 5L A
HAE 2 5% 4 RNA 70§ RNAL Fl RNA2, LR
LR/ 514 7 036 Fi1 5619 ntt!>), SMoV 11432
PEANHIRG, e TP 45 R0 A, H T S i N B
737 (Satsuma dwarf virus, SDV) . FLAEE AL
BEjpiaE (Strawberry latent ringspot virus, SLRSV) 4
JSCHI R4 0% B — LM B AT 4599 58 (Sadwa virus) ),
T 3 SR AR R Aok %5 SMoVY, BT SMoV
MR I, AR R AL A EHY) EIEIRAR K.
TEMURK 457~ 454 EMC (East Malling clone of F.
vesca) b, JYMROCRIVARIMRBERBELL, M smbk I 5 |
EMC KU NEE, w8/ 8. AR 45 A 40
SR B 2 B BE X M. (polymerase chain
reaction, PCR) A ER AP wE 10 L7, H
AT A R SMoV [FRE!R 1, B 4l 2 g
LR 2 FETEMRY, 1R BRI A S R,
5% PCR WA DNA AR, T
R g5 SR AR T R e R D ) R
FgsetE, FeMEan (transcriptional enhancement)
itk PCR (nested PCR) 45—L8JLT PCR HIHTHIAM
IS E 5 5 AT 5T, TR B B R R PCR 71 10~
200 S DARBFFEDIN £ Y FE 10 B 41 A% R
Fe 0 1) 43§22 St 5 MM RS, Thompson 55 7EA% R 7K
- _EXF SMoV AR S EAT THIFFL, KL SMoV ANfA] 73
BAR AP, SRAG AT SMoV 24N B LN
AR XS 5 A IR o 2978 e (P B FE T 3Rk 49
ZAA LB JE K 7 2 Y), H AT GenBank H1AX
Thompson 5P T JLAS SMoV BRZE 43 B4 (136 43
FENAZIRTH, RN SMoV WM 73 4 iR IE o
UbAh, R WA AT PCR HHARKM SMoV 14k
o [ DIOCHE R ] AWFFTE IS 3815 SMoV
[l 73 B 4 DR A R S X R 41, 3B SMoV 731
SRR, T#E SMoV H E S S5 A8 SRHIE s
[ IS 256 53 17 R i, BR R AR HH e s e i AR R ik
£ PCR HAKM SMoV .

1 MBS

1.1 #E

T 2553 B A CNT L I 7 RIE AR R 4% H, CN2.
CN3 Fl CN4 I H PR PHAO K2 A 95, CN1,
CN2. CN3. CN4 73 Al fRAr T B AR B, i b 5 28 LA

(Hokowase) « X 5 (Tian 5) . &% (Governor
Simcoe) « SA18 b, FTH 73 B4 53 34T AR AE K
BEIRAE
1.2 AT KRB

KI5 DHS o B R LR AT TR H AV 2 A 43
TSI = R o ROk M-MLV 24 Invitrogen
AT, PCR YA & ANTPs 1T Bl Ak
T, NTP J&JT- Promega AW, T7 RNA EA&MIET
MIT /~ 7], La Taq DNA 4. RNasin. pMD 18-T
444 . DNA Marker Iy | TaKaRa 24w, H'e 2454
FEAr T4l
1.3 5%

A O AR I P SR 22 SOk (1,310 5 190 51
YIF5) 4 D1: 5-TAAGCGACCACGACTGTGACAAAG-3,
D2: 5-“ATTCGGTTCACGTCCTAGTCTCAC-3, D3: 5-TCTT
GGGCTTGGATCGTCACCTG-3', Cl: 5-GGACCTACGGA
TCTTGGAAGT-3', C2: 5'-ACCCGCACAACTTGTCGG
AGG-3', TD1: 5'-aattctaatacgactcactatagggag TAAGCG
ACCACGACTGTGACAAAG-3' UNE 8} T7 RNA
BEEB3IFRF4)) , TD3: S-aattctaatacgactcactatag
ggagTCTTGGGCTTGGATCGTCACCTG -3/, 5|
TaKaRa A &) 5 .

1.4 RNAEH

HY 0.05 g HEAEN B, FIF MG CTAB VA HEHLE

RNA, BJadfiiT 50 pl k.
1.5 RT-PCR

7t 0.2 ml Eppendorf & HMABEHLG 14 (9 mer)

(0.25 umol-L™) . dNTPs (1 mmol-L™") | 1 pul & RNA
K9 uliBaiK, 65CANE S min, SERIE TUK E;
B\ RNasin 0.3 pl. 4% 5% Buffer 4 uly 2 pl DTT. 0.3
pl M-MLV 550 (200 U-pl™) , ZA4EFH 20 ul, I8
Ao JREEFFEF N 37°C 2.5h, 70°C 15 min, )5 4°C
(R

RS WG 1 pl AT PCR RV, Jx AR &
£ 2 ul 10X Buffer, 1.5 mmol-L" MgCl,, 0.2 mmol-L"
dNTPs, 0.2 pmol-L" 5[4, 0.5 U Taq W, FHKHEZE
20 ulo
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5149 DID2 Je NAEF A : 94°C 2 min; 94°C 30s,
50°C 60's, 72°C 60 s, 35 MEH; ) 72 CHLEAH 5 min;
5149 C1C2 3B K IE A 55°C, Je 5514 D1D2 H A,
1.6 #EPCR

UL DID2 N 5IHEAT 5 1 Iy 1, 20 MEH, B
KUFEHR 48°C, Hop 4TS DID2 sl B I AH R] .
I 0.3 pl 7 #= 44T 56 2 Y14, 51495 D1D3 (0.2
umo-L™) , 58Tk, 35 MEHF, e M &M415H
1 HIE. T EB (8 1.5%:350 B A e v b R il 47 14
I //B
1.7 FRig5E

i FIRBEAEUAT S sk N R, LG9 TD1/D3

(8 TD3/D1) H4T PCR RN, RMNFEFH: 94°C 2
min; 94°C 30s, 55C 60s, 72°C 60's, 35 MEHF; I
J& 72°CHEA 5 min. PCR R NE5HE, 1] PCR =4
BN 14 pl #5565 i N (% 2.5 mmol-L'NTP 2
pl. T7 RNA 2B 41 Buffer 7 ul. 0.3 pl RNasin 1 20 U
T7 RNA EEH) . 37°C MY 100 min, H EB ¥ 2%
S O B e L VAAST A 8 =4
1.8 REEEN

BT pl 2 RNA (Z)0.6 pgd > 73 HIIZKHEE 10,
50, 200 800+ 3200. 12 800 fi (HE/5K 60, 12,
3. 0.75. 0.19. 0.05 ng-ul™ , FIFHH# PCR

(51 D1D3). ik % PCR FHE 5 B E A K SMoV .
1.9 =i, MERFIISHT

PA PCR F=#alifl ik & [l DNA F B, 5 pMD
18-T 2 AAIERE, SR )5 e A KT 1R DHS o S 52 25 40 i .
S ABEE, PRI O RTTE, RBUTRL, Wit
PCR %5 BHYE el o I TAEZAT Bilg A T T, X
I T .

FI %At CLUSTAL X (1.83) HHTZ R

(multiple sequence alignment) , #JH] DNAStar ¥4}
TR B BIAZ IR 28 L PR RIS PR IFAE R G

AW i I 1 A0 53 B ) 44 K B GenBank % 5%
SR

fr 2253 B 1134(AJ311876) 1141 (AJ496140)
1166(AJ496141).1265(AJ496143) . 1266( AJ496144) |
1278 (AJ496145) . 1280 (AJ496146) ; P 2 EH:
1509/4 (AJ496147) . 1248 (AJ496142) . 167 (496148) ;
T B 197/3A(AJ496149) . 197/3B(AJ496150) ;
HEE 4> B4 HD (AJ496153) . ST (AJ496154) ;
BA S EY: 3CH (AJ496151) ; EH>EY -
9032.001M7 (AJ496152) .

2 HRSN

2.1 SMoV45R K ERRIRT-PCR ¥ &, =FE. MFF

5141 D1D2. C1C2 Z3 74 M4 1) 52 SMoV 1) 34w
il X (non-coding region, NCR) Fl k4h5e (large
coat protein, LCP) [X. 514 C1. C2 If] 3" AKuii 4 Hil &
REAEARSY Motif LGS F1 PPT. SDV. B F5 {3 Ytk B 5
57 (Navel orange infectious mottling virus, NIMV) .
M5 4E 35 (Citrus mosaic virus, CiMV) S fEfE
X 2 MESF MotifPle (1T DID2 &7 T SMoV RNAL
I RNA2 3% NCR H 1) BEOR T X 45, DA B e bn]
DA B3 RNA1 AT RNA2.

PAG 19 DID2. C1C2 73 milfrARs: bt A A8 A
K5, i ve . SAL8 I T TR 461 bp 11 Bt
G4 C1C2 §ia gt J L 1, LI P IR I SMov
MR 5 v B

bp

500
400

1: WAHRA; 20 K5 3: mlfind; M: 100 bp DNA ladder
1: Hokowase; 2: Tian 5; 3: Governor Simcoe; M: 100 bp DNA ladder

1 FFASI49 C102 #7715 SMoV LOPERFFF FER
Fig. 1 LCP gene of SMoV was amplified by primer C1C2 by
RT-PCR

I, #7457 CNI1 ¥4 NCR ¢4, CNI1.
CN2. CN3. CN4 [fJi54> LCP J¥41, ¥ CNI (365
NCR Al LCP #3124 % GenBank, #3500
AY919307. AY937262.

2.2 FIISH

Xf 20 A SMoV 234 (16 4y GenBank 143 25

Y1) 1R85 LCP ZE KP4 (327 nt) + 4> NCR J¥51

(413 nt) 73 AT Z 74 LEXE, SMoV [ NCR X L

S AEAE AL, T I T T LS St 23 (07 [X St AT I K
A RIS AN 4> B34 LCP 3 N S (& R 7 51 i3t
ATEEXE, LEXh4h s N DNAStar %0, AN 73 5
YIMIZ I . B IR IR -
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SMoV ANFl 4> B 5 LCP XAZIR P41 25 5458
Ko [FPEMER RN 99.7% (B4 1134 5 1141)
WAA 76.8% (/B ST 5 3CH) o Hp 45
Y ST. HD HIL'EIA 7 B Wi [FEPERRERAR, A
76.8%~83.2%. SMoV AN [[] 4 B W) (1) 4> LCP BEpI
SRR 7 A 2 AR RN, — 80 B I S IR
FES e ME, M54 ST, HD. 9032.001M7 51
BV E SRR (89.8%~97.2%) o F[H >
EIRIALIR 7 5 FIHE S S LR P 21 5 e o s i)
[FYEPE S IAE 78.9%~96.9%F1 89.8%~100%, [
Y EIE Sy B ST HD. 1166, 1266, 9032.001M7
RIEMR T VR PERAR (89.8%~92.6%) , Ml A&
I3 BN R 7 RIS AR AE 95% LA L.

FIH CLUSAL X #fF, J£T- SMoV A [R5 B4
5y LCP &R /7RI A T Rt tb (B 2>, A%
) SR ) M AR DG, R S SRR A A 1)
WA 5 2 AT . 75 20 MBI, 7 AN 2200 54
44 (1134, 1141, 1265, 12800 B T —AND
FIBRAT A 2o S B CNT S 225y ) 1278 K&
AN 3 AN E B (CN2. CN3. CN4) BT
— AN, WA SES 3 ANIEE B (1509/4.
1248, 167) M7 SRS R R BT . 1R 5> 259
ST Al HD 5 &7 B IIZIR (75.8%~83.2%) « &
FEMR (89.8%~94.4%) [MRIJEMEARAL, —FH BT
— ML S 2 N HER A EY) 197/3A. 197/3B K56
GRARR, nieSHEERAX (1973A. 197/3B
%% 3405k F. ananassa Al UC4) .
2.3 HRE PCR 5|9i& it R 46

i7" SMoV [ NCR X AR5, PCR 4 3} n] [A]
I 4738 2 4~ RNA 431, IR NCR X Bk &5 1)
Z P HIEX iR, SMoV ANFl 4 B )3 43 NCR J741[R]
PR, A4 ANHERE 20 AMETTER I K AR <3 X,
FEESA TR, 45 R A B P HAR
ECR, AHZZANR S S YIF NCR X AZ IR 51148 57 71
IV IR B BR ], #F NCR ARAEHRIN GG R E
514, R TR ES Y D3, RISERI S DID2
HEATEE 1 4, PS4 DID3 HEATHE 2 4,
ik PCR ¥ 144120 219 bp.

FIHERE PCR, AERAERER AP AT AL R
5. iz, SA18 HERETINH T SMoV, i H.45 A
o VKkE PCR $&m THLM SMoV IR BUE, nli:
I E AL IR RS A B ok 3 200 % (L RNA IRIE R
0.75 ng-pul™), REE R TH M PCR (& 3),

HD
ST
1266

P
s
9032.001M7

197/3B

3CH

CN1. CN2. CN3. CN4 Jy i [H 5y 8#; 197/3A. 197/3B AHETE/N 54
1509/4. 1248, 167 Sy 24y 24 HD. ST M4 [E 4 5i4: 1134 1141,
1166, 1265, 1266, 1278, 1280 i %53 B5441: 9032.001M7 Ky 5 [H 43
BM; 3CH R4y 34

Chinese isolates: CN1, CN2, CN3 and CN4; Czech isolates: 197/3A and
197/3B; Polish isolates: 1509/4, 1248 and 167; Germanic isolates: HD and
ST; Dutch isolates: 1134, 1141,1166, 1265, 1266, 1278 and 1280; American
isolate: 9032.001M7; 3CH came from Chile

2 ET SMoV LCP 1%L+ 51 By 1L ikt
Fig. 2 Phylogenetic tree based on the nucleic acids sequences

of LCP of SMoV

a: T PCR IR R BEE. 1. K% SMoV P MFAH A 2~4:
TR AT EL 535128 200+ 50+ 10 %5 M: 100 bp DNA ladder;
b: %% PCR M R, 1. K% SMoV BERM TAT WAL 2~7:
RACHEA M LIRFRAG S, 45128 12 800, 3 200, 800, 200, 50. 10
fi5; M: 100 bp DNA ladder

a: Limits of detection of SMoV by RT-PCR. 1: Healthy Hokowase. 2-4: Dilution
was done of Hokowase at 1/200, 1/50, 1/10. M: 100 bp DNA ladder. b: Limits
of detection of SMoV by semi-nested PCR. 1: Healthy Hokowase. 2-7: Dilution
was done of Hokowase at 1/12800, 1/3200, 1/800, 1/200, 1/50, 1/10. M: 100
bp DNA ladder

3 EHPCR (a) FIEHEPCR (b) HYENREE
Fig. 3 Limits of detection of SMoV by RT-PCR and semi-
nested PCR

2.4 FIRRERIEBE AN SMoV

DL AT A A, 23 BA5 14 TD3/D1. TD1/D3
%} SMoV ff] 3'NCR [X #t4T RT-PCR ¥4, 4R 58 TH#
SR N, ZHER 5149 TD3/D1 F1 TD1/D3 #Bn]
DI BRI a0 (B 4, XU T7 Ja8h 77
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bp

500
250
100

M: DL2000 marker; 1: 5% TD3/D1; 2: 5|4 TD1/D3
M: DL2000 marker; 1: Primer TD3/D1; 2: Primer TD1/D3

4 FIFEERIBIRAEN SMoV
Fig. 4 Results of transcriptional enhancement techniques for
detecting SMoV

ST S INAE IE ST 1) a2 e e a4, #ie
AR o [Fl—HERRAEAN [ 2R BB R 1 ks e v B

LA A A, A5 14 TD1/D3 #k47 5 5%
R (RS R R Sy, Al SRR W BT Re A I B 1R
RNA FiBE 55040 3 200 £ i RNA VR E Hy 0.75 ng-pl™)
(K 5), RIBUEm TH M PCR.

bp

300
200

M: 100 bp DNA ladder marker; 1~7: &t RNA #iBAi%, 4510 104
50, 200, 800. 3200, 12800, 51200 f%; 8: {@HEFTAH 4

M: 100 bp DNA ladder Marker; 1-7: The total RNA from infected
Hokowase plants were diluted at 10, 50, 200, 800, 3 200, 12 800, 51 200
times, respectively; 8: Healthy Hokowase plants

5 FIFFRIGIEEN SMoV B R EUE
Fig. 5 Sensitivity of transcriptional enhancement for detecting
SMoV

3 it

AT 4 AP E > SY B AL T, KA
PR RS, I LCP IR F A RIS s (95.4%~
99.1%) » fERGHALM L, 4 AR E &5 K 2 4,
3ANVEFHAN Y (CN2. CN3. CN4) 0 h—4, KiE
SEEY) (CND oy —4, Hordl 2 7ol i Hh B
WK, PEEHS R AR R R ENER 2
—, A5 ERE 20 ANH LR 12 BLENT, 3R
I AWML & 2 B AR S A R KA B

SRR T 15 15 27 3 W ) 1A Jo e v R A AR S R
MRS T AR &A1, PRETEBASERS
SMoV S AbR RAAL, 0y L e X KA AT
I T REAS 2B 2 R R AL

FEFTA 1 20 A SMoV 43 4+, 2 AME[E 5 24
(ST. HD) HILEsr &) LCP IR SAKEER)IT 4
YRR, HOOPREGIAE (BEw. Pt fir=2)
PR R IR, MAETERR T — M3, IFE
TR bl 5 ILE 0 B 22 R, TR AR
K—DRHRMKRARBBMEBEAR. 2 NEMED
(9032.001M73. CH) HIL'&4r &) LCP #2751
[F5 1 (76.8%~93.9%)  ZA LML 741 [ M (89.8%~
99.1%) AR, (HILAE RGN b IF AR T sloT
(533, A2 5 R 2 B SR AR — e, SR PR mT e A
TP AL S AR AR 53 B 1AL 5K, T e
S PR I RGER G 5 HIEA K AT
FATE T R A R e 2 B>, A1 T ST
FEN AN 2 (1) 5 B IR AL, A 5K IR 43 Bk A
P s . REEICHRE T 16 4~ SMoV 734,
{RIERAEH SRR A, Bk B 2E0NT 2 Ao
Wk, LRI 14 ANBRIN B R AR AT 4
AR E 5K

FERIH PCR KL IR H 22 BT B2 Al
2 BURRRE IR >, LI T R R AT B A —
IR AT DNA ARG, b ik
TIRELEAR RN kE PCR 1R BER
e AT TR R S AR R AN, WA —
S PSS 3l S RS 23R P IR BT SRR I s b4k,
TS > & PCR = )IEAT S 2 ¥k PCR BN, w]Afi
LR 24 R 5 A% R PCR N IABRE I o 458
WA INH 1 £ PCR (R s 2 25 5 %2 335 Yo', ARk
SN S ISP S A e QI RS AT R e P N
WS R HMELE T BEAX R 9178 S e ik &8 PCR 5
Wveth, BT SMoV JFYIAR A, ABFE IS
DRI A R 571K NCR XA R B — AN IE 5 1. B
IR SRR SRR, T8 SR AR Motif,
FEORSE X B3 s o 1 95 190 W] BEAA Rkt ) 7

Lk PCR AHLL, BB s AT Z TH 5 2 X 5]
Yy, 5B 2 Ry REUKEE T7 B TR, i
LA 2 Fe 4 5 BTy G 1 R A BRI DGR, BRI
FLZ R RAR S S AR /N . IBAh, T7 RNA R4
it 52 A% T 2 IO AR AR R T S N AR s
RS IER B AR BSAE T AT e . SFefk. ek



1988

doOE kW R %

41 %

BEATIN P S 808, IR I B A i AN R

WA GY) C1C2 AER S fhFh LR (a7 L9~
BT IO R B (25460 bp) , AHZ IR HL
FIFAGE SMoV $55 /741, T2 514 A 5 8210 R )
Fesl, B e AN SR SRS B, AR
Fc Tl b 3~8 AN, [ R A AR L R . Bt
5190 FEPTEUK) PCR AN RH A 3R ILARIE , L4y
HVE A BRIKIRE, TN 5 A 45 SR IR HE G R 2 Al R
AR

4 it

AT T T SMoV AN [F] 73 B P IR Bk DR 4H R 5 X
BRRZIR T4, 45 5 B 7s SMoV AN[E] 73 B 78 S 4 2%,
AR5 B ) LCP JE DAL IR P41 2 HE R 7 1 [RIE P 53
54 76.8%~99.7%- 89.8%~100%. FRIHELL 1T T
INANF S EY) R IR AR DG, TR B
T 2207 B P2 EYISR G RIAL ;. 15 E 7 24
AR —AMUREF R AR R AR . 57 T A IR
PCR s ¥ 5 5 AR K SMoV FIEARK R, A%
il SMoV .
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