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Virus-resistance of Papaya Ringspot Virus Mediated
by Double-Strand RNA

ZHANG Fan, JIANG Ling*

( College of Horticulture and Forestry, Huazhong Agricultural University/Ministry of Education Key Laboratory
of Plant Biology, National Indoor Conservation Center of Virus-free Gemplasms of Fruit Crops, Wuhan 430070, China)

Abstract: Tobacco( Nicotiana tabacum) , Arabidopsis thaliana,and host papaya( Carica papa-
ya L. )of PRSV were used as model plant materials to testing whether RNAI could mediate re-
sistance to papaya ringspot virus ( PRSV). The agrobacterium was harbored with pHells-
gate12-CPy, containing structured inverted sequences of the CP gene of PRSV, where were
transformed into the tobacco and Arabidopsis. We also conducted an Agrobacterium-mediated
transient expression experiment by infiltration in papaya. The three transgenic plants inocula-
ted with PRSV were tested for resistance to PRSV. After PRSV challenge-inoculation for 3 to 7
days, leaves of the wild type plants displayed symptoms of necrosis, wrinkling and/or chloro-
sis, and the scale of the abnormal leaves in the transgenic plants was significantly lower than
that of the wild type when the PRSV were inoculated in papaya and Arabidopsis separately.
However, the difference in symptoms was not significant in transgenic tobacco and the control
wild plant. We carried out a RT-PCR experiment on the three kinds of plants. The expression of
CP mRNA was detected in the wild type plants infected with PRSV, but not in the transgenic
plants. These results suggest that the transgenic plants may induce the RNAI process to resist
PRSV.
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& A JK 3 BE 9% 7 (papaya ringspot virus,
PRSV) SR B A I 77 Ml 1) d B 22 1K — R 7%, e
BB AR BN 75 ( papaya ringspot dis-
ease,PRSD) @& —Fl Al i) & 3 ™ B I T A
TR, B IR 1) 249 7 A I AR 7 ) — et S 1
FUENH o ARG — L BT SR M A A G
BEAE AP RE R TR R, LASh et SRR A 2 )
B P AE 5 A B 16 R W e BE R R T BT IR &
U2 BB EEOR 1 & SR A PRSV IR ABE
5%, ABEIA TR 2098 T~ BOW) 28 A NP0 1 0t
sEABERBE S, BNA T4 (BRNA interfer-
ence, RNAI) J& Z R AE P P i U RNA /-5 7]
U5 mRNA B, HPIARRIRM RNAI RGEIFEA
R 3 58 4 s R 7K - 11 SR 5 o 1 4 e 1R A
FHo TSR A SR 1 ) S — ¥ 91 B OO
LEpy, AR PR, i 2 KR W5 & RNAI [ U
RNA 38 21175 51 RNAI, SRAEA PR R AR ) RNAI
U REALH , A P REARAS B b P I e S AR )
dsRNA -2 Hid 52 ok & B9 2)) 2 b
) —FARBORN . BT dsRNA -3 Pt B A
—SETE] ARG AL o BPE DL RE 7 AR BT IR
FEDRIAFAR ; o R T PR A% TR ) 51 A i A A 21 VR A B
e MR RE , HE RNA SR gk AR, AT 25 A
R R DR 3R 3K 77 AR B L T AR ) L A X R e
SRR S LA T N i A

Eamens &) 1 ] &k & %% 4k 9% # ( soybean
dwarf virus, SDV) CP L[N (452 &N, coat
protein gene) £ fr) hpRNA %4 4k K G R 14, %
SEH T2 AR RER T PE . A BeF 251 F T
RS Y WEEIKIR AR RN R Y hpRNA
FIRBARIFLACIE L, IF 1) T2 52 5% B DA AR A R B HT
Wi, 1T S 1) B2 (IR 5 4 Ry 2 s DRI A 3R 3 0 E Bt
PEo PRtk WF5E CP IR & J¢ RNA [ UTRRECR , X
THRARINPON REVF A B B,

REWFR I % CP 1L A W Wb 1t —
AL B 1% , 1T H AT BN e AL R, %
INHREA N INERZ —, FEEFNT:
S, SNSEHE I SRR A A SR R AL vhoa] LAAS B AR
W% 58— A A HRP TR R T I RE T, X R
RABIE IR TEA A GO 56 =, b ) S5
KA AR N AR - P Rk BBE L

AR CP AR IR PTE C 2344 TR

JE AR A A — BB ). — J& CP AL A 1L
o SR BR AR RE R G T, R AR U SR K
T, AT g A i R A R U e R L 5
A CP 3 X4 T 19 B0 P HAT IR E I 15
P, oA E R PO e R AR I AL S A T e
BRI et H i ' o IR, AP B4
OB D ] B SRR P A B0 AR BTN
o

R, 280 Sh 0 FH 50 7 1R R N 32 AU A5 40
e IR AL R Sl 1 D
BRZIRET o W F AR A & RNAT TR
T FRREA BRI 75 AR, PR A S 2 AT 14
B B SR L A B AR B REAE 3R A
[HEAN Y 0Lty S

AWTOR LR E O RS CP 2L
1) B AR IR AR A A A R T Hh kAT
T IBALEAL IR B Bk L T /AN AT B
BRI RIBIRZR o R I X3 AR AR BEA T BOa S i,
Pl B AR W D P LA S i AL o e8¢ PRSV
JATEAE LA AR AR AR b RNAT B0 0 22
S0 S EACHI YA RNAT ST, D 55 7 B
PRSV (3 AR ity R H BB o

1 #EE7TE

1.1 #EFnF

IR FF (Arabidopsis thaliana) & LW 0 -
Hi AR Rl R E ) AR R B2 42435 8 5L ( Nicotiana
tabacum) k236 i Hr Ak K 2F MRy SCHAR B AL 5
WA AR’ ( Carica papaya) . K i # &
( Escherichia coli) W # DHb5«. #8 & &K #F
( Agrobacterium tumefaciens) B #f GV3101 . J&i ki
pHellsgate12-CPg (fAii#k pHG12-CPR) (&5 WL
1) 349 e [ G R AR I B o 5T % 9 = DR A O B 7
WS, Fedk pHG12-CP g Ity JH FERERE th A BF
FEEM LA ER AL, A H i — P R K A gk
PREEFRMI o G T A TIER BN 75 K 28 A T R
it AR R R E BRI e 4t

PCR M &l 3 3 XN G AW R A R
], fi% RNA $2HL Trizol Reagent Ity [ Invitrogn &
"] ,RT-PCR 57 &9 5 Jb 5t Bio Dev £ R A
BB At TR Sy B P A A glie. AR CP
HEIA PS5 P4 i1 T2 5] #) 7 51 AR 8 SCHR [ 12 ] v Il
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MIFFIE IR NPTILEE N 5| PrHan pBIT121 £k
JF5IE 8o ACTINyACTIN,, Fl ACTIN, H X 975
IR RIS T iR (R 1) o 5IE R
H1 b A TR TR IS A1 R Al 58 8o

CP attB1

attB1 attB2 attB2

B 1 pHelisgate12-CP TRz H G REE
Fig.1 Sketch map of pHellsgate12-CP g interference
expression vector

®1 PCR3|#RF3

Table 1 PCR primers and their sequences
FH 5lHRE %1 Sequence
Gene Primer code (5't03)
CcP P5( +) atgtccaagaatgaagct
P4( -) ttagttgcgcatacccaggag
T2( +) ctcgctagatatgctttcgatttc
NPT nptll ( +) ctctgatgecgecgtgttce
nptll ( -) gcccaatagcagcecagtccc
ACTINy acting ( +) ggtagctccacctgagaggaagt
acting ( =) gcctttgcaatccacatctgt
ACTINg, actinp, ( +) ttgattttgagcaggagcttga
acting, (- ) tgagtgatggctggaagagaac
ACTIN acting ( +) atcgctgaccgtatgag
acting ( -) tgagggaagcaagaatg
1.2 Fik
1.2.1 #¥E RNA BREX

B RNA [ #2803 I/ Invitrogen /2 ] 1) Trizol
WIS 34T, RNA T —70°CLR 17, BAETE R
TAER F#EAT, 3550 I DEPC JKRECH
1.2.2 EHREMERNRBRE

SHEBEN R0 IHHOE Yk k. A
AR TP BN B 1 78 A AR 3 &, FE i 12 10 (W
V) I L i im A PBS B IR 2w, S0 . ¥
WHIMAR 1.5 mL B.0% 11,6000 r/min,4°C¥
FREg0 10 ming vk FJCE: B E IS WROVE A s v R
Wo HEHX 4 ~6 W30 i ft BRAERR , 7 I TR 4 120
AR, Hy K O M A A R AR AN I 3R
187 o T J V0 IR NBO 4 R R AR T R IR AT
o BRI E R 10 ul, BeRh S B 7 B 2610
AR wh Pk B A R w TR BB B AS B A AT o] YR A4
(CK) Fifiehf PBS ZZnfrl miRhowt fiAb 2, Ke42fh S5

MRERRRE AT S P 3%, oA B 10 d iR
RIS I ARSI
1.2.3 RT-PCR

RT % i 3% ] Bio Dev iifi i RT-PCR X #] &
(M-MLV) B 53E1 7, Ll i S ik & 7 37°C
YRR 2 h, B 95°CH#UR i 5 min J§F —20°C
P47, PCR [ )i 2k H Bio Dev i piiti# Taq fif
(SF-Taq) Ut B fi i 17, PCR W I8 )% 4 F
94°CHiAS I 5 min,94°CAs 1 20 s,58°CiE & 10 s,
72°CHEA 15 5,33 MBS 72°CHEMH 2 min, [
SEER R 1. 0% SIS HHEE IS L VKA .
1.2.4 RHEENAR

PO A pHG12-CP q 8 AR FF I GV3101 2
YT B WiREs#35 (4 100 mg/L Rif,100 mg/L
Spec) Ht,28 CHE KK I EXTEA: K, 8O Yo
W, B E T 10 mmol/L MgCl,,10 mmol/L
2-( N-N) - Z, 3L A5 1% ( MES, pH 5. 6) FiI 150 ymol/L
BT (AS) PG Ml o 8 A YRk B
ODgo#E 1. 0 2247, Eild i 1L g 2 ~3 h, {1 mL
AT ER4T 4 5 ~6 IR AN B Fr I T 28 J
BRI 2 ~3 AL, FEAEME AL FH JCE 3k TR 5 284
B R WA AT o, [ L
GV3101 2 BARFIA LR I /A IRAE R A .
FhbHEAN 6 ~7 B, A 3 W BARLHTA
JRGH BT 28°CHI 16 h G HE/8 h JAMS 44 T &%
Fo 4 d JFHIT AL
1.2.5 MEFTEEHN

%% Clough 251 J7 1™ 4808 ket . el
KR H O RhEE i BB ST A AR, R 25 © P 4B R
JE,FALTT — R B LK PRELE A pHG12-CPRr 2
R AHT I GV3101 FLER ¥ T & A ML BT A R 11
YB B3 (45 100 pg/mL Rif 1 100 pg/mL
Spec) ,28°CHEIREEFE K B 1 mL BB A 2
50 mL YB £ 3: 3 H, 28°CHEPE & ODgoo 7 1.2 ~
1.6 ZA, B#AE 6000 r/min FE.L>5 min, {815
FEEHAMS BE A RER W E ODg 44
0.8, RYZHTIMA 0. 5%0[¥ silwet-77 F£:FEIMRA o
WARR DR o R AW 1R 10 ~15 s, %
GG ARG, 5 2 KA AIEH AR K IR BE
T.HWIdALEERE— W, LHEIK,

DHAEW. . FA T TR LA K RNA AT GRS . SRR R H B R RO BB 18 /5 T AR 5 ,2008.
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3 ~5 JH S WCHBR 80 E . HEI 5 ~6 M ¢ gk
F JARSAE W AR B, X F 3 A H
MR AT B RIS RS, IR IS 35 B AR A AT
W SRR T I GV3101 AR AT B pHG12-CPg
GV3101 =AMb B ) %t I, AN AL B AT 6 ~7 AN
YPIPF AL o ARAT R R AL B 58 Jo 0 T AR A R 1 7
PRIBAL I, E BRI AR AT 4 d J5 X7 i 2547 B0k
By, BRI AR B B , BEF 88 7 d X7 b
TR AR BT A ARSI AR 3T o AEAERE [, %)
5 ~6 P11ty PHG12-CP g % Bk R AR 55 1 A 70 4
T THERAR . I BB AR M8 A (CK) Al
BRh PBS ZZahig BRI HEAL B, AR UE BRI 7 Y
VE—B0,FHHIE 6 ~7 ANMEYP RS . EREEIT L,k
B 30 d 1 pHG12-2 T2 A4 BH i AP A= 7Y
AR IF IR T 1A T SR, Rt v AR, [
B EAERMT A A (CK) Rl PBS Z2vhil g
Fioxt A, 7 d J5 WS R BRI, BEIUER
PEARTREIEA TR

2 #R

2.1 pHG12-CP #EREERHHF ST
HAf 3 d 5 WLBER B IS RNA Ao A7 (]
2) o RIVGER IR, A BX A Z 8], $ERh - JF T8
W R AE 5 (WL 3:a Ml b,5£ 2,) . {H RT-PCR
SRR B A T SR pHG2-CPg 22 D 4 5
FEHERf PRSV ik B 22 51 Wk, B A BRSO A i
WL TE CP mRNA [ B i 4% pHG12-CPyg
He AR S LT B RE CP mRNA R BUR, W] LA
HENF pHG12-CP e 2 A 5 )5 3l RNAT L]

M T CPIERIRIE (K 3) o
1 2 3 4 56

58

1,3,5. A} BF AL RN B R 4D A PBS FuskAh PRSV ffynf
FRIAE RNA; 2,4,6. 5351285 pHG12-CPip 2k R 5 R 82

T R PBS FigAh PRSV (i 52 HUA & RNA,

1,3,5. The total RNA of WT tobacco leaves not inoculated,
inoculated with PBS and inoculated with PRSV; 2,4 ,6. The to-
tal RNA of pHG12-CPs transformed tobacco leaves not inocu-

lated, inoculated with PBS and inoculated with PRSV.

2 JEER K & RNA SRR B %K
Fig.2 Denaturing gel electrophoresis of total RNA
from tobacco leaves

1 2 3 4 5 6
I cr 219 bp
Ll soTiss b

a, FAE R AN AR PRSV Wi b, BFA: BUME RO AR A
PRSV R, 1,3,5. 2 5l BF 42 BRI RE AR LA #Fh PBS Hi#
it PRSV A5 2,4,6. 535 pHG12-CPip 2 PR RER Be Bl

HeFh PBS i PRSV Byt fro ACTIN NS HER .

a, Transgenic tobacco plant inoculation with PRSV; b, Wild
plant inoculation with PRSV. 1,3,5. WT tobacco leaves not in-
oculated, inoculated with PBS and inoculated with PRSV;2,4,
6. pHG12-CP transformed tobacco leaves not inoculated, in-

oculated with PBS and inoculated with PRSV. The ACTIN gene
was used as the internal control.

B3 REEMENRAK RT-PCR &l {H
i F & PRSV CP ERE K FiL
Fig.3 Symptoms after inoculation of PRSV and
RT-PCR detection of CP gene expression of PRSV
in inoculated tobacco leaves

2.2 RAENSHEARRNREECRZNARS
SR

BRI RERR PRSV [ By 4k B (B K
TAZEAL, , Ul W BA R X R4 o T AS SR AT v e 1
PR AT B GV3101 1 45 A K AT B pHG12-CPyg
GV3101 7E 4Rl PRSV JRR BI2% 52 W1 8, 1 — 4 T
AT R W PR R EL I A A ARER I B,
1713 2 AN P SR b G ] S R B AR A, s ge 3t
GiIRWAK 2, A4 90% [ EFAE RURIHRAE HeRD PRSV
TR Z I AR B B Al A 22 Al G REAR , T 9 4k
HMRKRBLIEN (I 4:a,b) . RT-PCR 4R /R, A
AT B SR AT R GV3101 R Al A AT 18
pHG12-CPr GV3101 £ R PRSV JG 5 B, A~
HERAAT  BHFARAT B GV3101 A AN A
U BE R 5 CP mRNA [ USR5 T 4 Fh AR AT B
PHG12-CP;s GV3101 R AJIAR W LT BEAS i 1
CP mRNA [ BUR, Ui W] B AR AT B pHG12-CPyg
GV3101 [FF AN E )i 3l RNAT Ll #i 1 CP
HHZIE(E 4) .
2.3 % pHG12-CPER#IEITHMHEHE ST

X LA H Rl AR AR A R B A B, R4
it PRSV f{yE s bR i JC ) s R R 22 57, Ui 1 B
PEXT IR AF o TR 1 PRSV fMp A B Ry I i
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F2 HEEEWERN PRSV FREHEESZLSH
Table 2 Analysis of modality characteristic in transgenic plant after inoculated by PRSV pathogen

N e SN e
HY SEAR Plant number of repre- iﬁigi(cﬁ )re resent
Plant Symptoms Treatments sent symptoms/ inocula- 9 P
ted plant number symptoms after inocula-
ted with PRSV in plants
y B R .
Nicotiana Etiolation shown in the in- pHG%ICP %g 1% 1% 115512?
tabacum oculated leaves IR > 179, -oa
FAN T BRI , A BT 6/6, 6/7, 6/7 90.0 a
Carica papaya L Crimple and fade shown GV3101 5/6, 5/7, 6/7 79.0 a
papaya L. in the Apex leaves pHG12-CPp 1/6,0/7,1/7 10.3 b
T EREEER R B AL B
) Etiolation and mottled WT 4/6, 4/7, 5/7 65.0 a
Arabidopsis thaliana shown in the non-inocula- pHG12-CPRr 1/6, 2/7, 2/7 24.5b

ted leaves

xa,b RARERBEM(p<0.05),
* a,b indicate significant differences(p <0.05).

\Q
1 23456789

CP 219 bp
EX L I L L L X X1 AcTIN138bp

a, #eFE N T ARE R PRSV NI b, B A= U AR RN PRSV %
Jo1,4,7. 535 T REER AR AT G AR HRY Rl PBS FI# R
PRSV (WA f; 2,5,8 A3 F AT 1 GV3101 J5R
B HeRh PBS FikA PRSV T4 Fr s 3,6,9. 405 ¥4
Fge ¥ 1 pHG12-CPr GV3101 J5 AR Flr, e Al PBS Hl 82 Fr
PRSV A fo ACTIN RS ER

a, Transgenic papaya plant PRSV; b, Wild plant inoculation of
PRSV.1,4,7. The RT-PCR detection of papaya apicillary leaves
not inoculated, inoculated with PBS and inoculated with PRSV
without inoculated with Agrobacterium; 2,5,8. Papaya apicilla-
ry leaves not inoculated, inoculated with PBS and inoculated
with PRSV after inoculated with Agrobacterium GV3101; 3,6,
9. Papaya apicillary leaves not inoculated, inoculated with PBS
and inoculated with PRSV after inoculated with Agrobacterium
pHG12-CP g GV3101. The ACTIN gene was used as the inter-
nal control.

E4 REEMEBHRIAK RT-PCP&EFANE
5 PRSV CPEREIRIZX
Fig.4 Symptoms after inoculation of PRSV inoculation
of PRSV and RT-PCR detection of CP gene expression
of PRSV in papaya apicillary leaves

FEAP AR O B I 28 SRR R, T B 1
PRSV (% S PR #0119 T e R A R A e X G
W R IAEAL, B gt 4 R WAk 2, RT-PCR &5
Al B A R I A pHG12-CPg 25 0 F

FFAEHRR PRSV 2 i 25 5 W1\, 1F A B SR o
A RHSE IR RE CP mRNA [ U i 4% pHG12-
CPrAE P I H JLT- B A Wi 1 CP mRNA [ 1
R, UL pHG12-CPe 2N IR 5T 2 )5 3l RNAI
ML T CP N2k (8 5) o

a, PRI ITER PRSV R ; b, BFA4: BUM BRI PRSV Wi
Jo 1,3,5. 435l g B Az B 0 B I oK 4 R, B2 F PBS ik Al
PRSV R 5 2,4,6. 435 % pHG12-CPp & Ry
FRAREFD HeFh PBS FiHefl PRSV mydEEfh Rk, ACTIN 2
ISE =975

a, Transgenic Arabidopsis inoculation with PRSV; b, Wild
plant inoculation with PRSV. 1,3,5. WT Arabidopsis uninocu-
lated rosette leaves not inoculated, inoculated with PBS and in-
oculated with PRSV;2,4,6. pHG12-CPp transformed Arabi-
dopsis uninoculated rosette leaves not inoculated, inoculated
with PBS and inoculated with PRSV. The ACTIN gene was
used as the internal control.

5 REEMEHRAK RT-PCR &l
PlEFF R T PRSV f5% CP EREKFRIE
Fig.5 Symptoms after inoculation of PRSV and
RT-PCR detection of CP gene expression of PRSV
in uninoculated Arabidopsis rosette leaveslf
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R R BRI S D AN AR e i AL Iy i B
RAE R R e T, 2R AT B A 31 pHG12-CPyg
Ry 2 38 P T/ A I AL T, 28Rt PRSV % 5 1
BLT , NGFF K008, AL AR ER R B 1 W]
2.4 HERFMEFEIERER PRSV WEREL

M REEERMAI ] LUE Hh, pHG12-CP o 5 5L A
FERREERD PRSV J5 (R R IR 5 P A BUAEARAH LU R
RIGW W25, BAERE & A 16.1%
15. 8% , #Fh PRSV J5 , 7 A I Bk I 54 AL ABLAR 11 T
Az T M 3R I A 4, 3R PR BREAE R A AR UL B
10. 3% , &AL KT GV3101 (X IEA 79.0% 3
ST, 1T Y A BUAE PR A 90. 0% RILFGIE, MUABIT
HeRam: W , BeFh PRSV J5 , R BRI SR AR AR
FVEF Az AU 3R BRE AR M A BR 4 5 5 65.0% Fi
24.5% , Git bt ign HERBE (p<0.05), M
TEA L F 5L T A IR % 5L D5 400 B ST AR AE 9
SR GG, U IE R 16 Eo ] S 2T

3 it

AT AT B HE A G I 2 05 1A 2R e — T B
A3 H I ZE BRI TS Tk o XA ITIA
DR IEA T 2 A e S N A MO B A VF 2
BSIEIR T o XA R AR R W W
RS 5 — LR AR 40 ) RNA TLRR G 90 ] B
— SR IHE D () Sh R AT LD R K 3k
BREMETRERB ARSI AR, I
RIGYE R H oy THAe

ARBUK A R, TR Rk B AR I 9 7 S )
Fit 2 DR R 98 1 A6 7 B8 Bl 2 PR DR PR Rl £ 2 DR 1
dsRNA fE % A7 55 BHL Lk AH O 75 A9 1R T 04 1 9
2512 L BRI 35 TMV Sh55 2 11 5L 4 fF) dSRNA
RERE RN TMV (R 5e . EIRBTTES AR FEk
YRR dsSRNA HRREE S ARSI I LK .

FEASBIR L, F BRIy 3% 28 dSRNA (¥ 2 1] F
SRR AR e PRSV 19 RNA, i id 77
A5 PRSV IR B B 28 AT A I 1K 25 AT
TSR], e AT BRI IR AR X PRSV 42 5
PR O, FATA Xt TR A AN T A
1 Hh R R A SRIE B dSRNA JE 85 T RNA
DUBRALT 45 2R, BRI Rk CP BEPH 1) H 5 48
PRBERBIE L dsRNA, ITITA 20l 1 PRSV X% A

JAHAR IR S o ARI IS R ST AR I
HHAIRIRER 22 G340, F AT 11 R i 6 ik 1 R
B T AT R A T A B RR Y 41 v 2 Xk
AJ AP A I BT A i ) B A AR A HA X R Y
R TR B 7, DA TTT AT AR B 5000 ST ) S 1
HBMAIEE A PO R DOREOR , X Ry B A
MR AR RIR A T — e BRI . TEZARAT
B G AT I b i 34 , R #EF B 1) 3
SR T AN, PRSV S 1 25 1A% 3 5
FLM b, U] PRSV BRI TER AR LA TR 5 i #
o I i) T 5 A4 1) B A R A, PRSV 35 1 A 23 i
T BB o BUHIRAT RN RS R
AR ERE T HREMRAEANCHS T
RNAI LI 7 CP BRIk,

FEHEAT R DI RB AT BT I, R 23 FH B A
ViR FE RS2 AA A L, TR R A < 40 1 5 AL R Gt
Xof BGR, 25  d B L B DR ARL R , (EX 1A 7o e
BB, A2 52 B I 2 BV R I . ZEAR
Frv, AN PRSV ZEHERN B M8 2 I Rg 51 I A K
by, R B A ERAE A EH Y 2. FARTFE
PO TR T 5408 Y 8¢ F) Potyviridea | H4% 3%
Y YR EEE Potyvirus, %k 2 1 3 £ 7 F %45, PRSV-P
A MR AT A RIS 7, HISE 30 0 s W AL 45 2}
FIHHRHE 15 T HHAEY) , PRSV-W REGS{Z G Hi
PR 11 ANBRIZERL 2 AR Y 38 A . T
M HAS B AN PRSV (W95 3464, 76 PRSV BT,
0 B TR ) R PR WD S A A 40 B S TR AR IR L
& W] RN AE R H B A e LT 5l B B
SRIM LT 7, AR R A EASEA R, SRR AR
VeSS AR, IR TR Y] JEARHE W] i, (HAE
MRNA JK3- b 4347, T AR H8 140 e v 44 R B
i PhRNA /- S DTERE N . PRI, WEEE RNAI 135
R, EPIESFHERSF AW A BT 48007 o

I L 23 8 08 (W R I 3R 3K RGEJE 1997 41
Kapila 45 & 5635, AR IBE R GAMEHEE 3 ~5 d
RPRERAS R KPR 3k, J B 6L, O34 B35 & 4 1 )
R BER ), B T B, HET A RIF I E S B3
ORI P RE TIFSANEER T, R
STV SEAG Y, FIACKT 08 BL2s 98 A A M 7 v
RIBNHREB A A KN FERLSBER
4 d SRR AT B R A IR IR . TR, i TR R
Iy R TE ) T VA I T S
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