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WL R B BEE BT, BN 310029 2HFVLHL T R2% R TREFEFUHT, BUM 310018)

WE K RT-PCR kA5 RN 5 CMV-CB7 #k RS KIEK4L cDNA, £ il KL% CMV [ RNATL, 2 F1 3 43500
3356 nt. 3045 nt Al 2 218 nt (JF#) %55 K. EF216866. DQ785470 F1 EF216867). CMV-CB7 FE[K 4] cDNA 7y [F A& 4h e 5%
RNA FLR G EIRGERER, 1 CMV-Fny W= 4 848} ) CMV-CB7 Fil CMV-Fny JE K41 RNA A1 B AZ e Mt g 6 4
B I FF (C1C2F3. CIF2C3. F1C2C3. FIF2C3. FIC2F3 Al CIF2C3) iE M0 £ W] : CMV-CB7 JE K40 RNA2 #esg 2L
TEAF 1 EIREIR SOV, kA B RNA2 (RNA2BC Fl RNA2SR) 1125 142 Jeif PR @ L W 2b JEIA B RNA2 3 il i/ 7 41 Y e
CMV-CB7 70 M SEIEIR. RNA EE /34 45 b7 . CMV-CB7 fil CMV-Fny®® 532 % A6 5 I N 4 RNA R RS E H

TRAR.

KEER UL R, O, K8, RNA2

FROES sS4

AL 5 (Cucumber mosaic virus, CMYV)
MIES S WBE. 44K RNA Ji g, 27 R
Hz, RMSEEE R E YRR — o
CMV 7E &R g Pk 3 & LW WORE IR e B oA fe nf
(mosaic). &AL (stunting) F1 4l £ (chlorosis), i iX L&
SRR E A ML E R E KR, CMV 24
H 25 £ I8 H LB T (fern) . B 5% (mottle)s  BH ik (vein
clearing). M %k (dark green)ZE AN AR AL CMV 43k
WA T A, IBFIEA L, AFEFRREF CMV
o 1 22 AR R D 08,

CMV 7 5 /N JF i[5 132 HE (open read frame,
ORF), ZhAifE 3 4cH K41 RNA . RNAI %if 1a
#H:; RNA2 &4 24> ORF, 5'ifj ORF %ifith 2a &
1, 3" ORF %ifi%h 2b & 11, la H 1M 2a FH
B 7 2T A AR 48 RNA3 4t % 3t
(3a)F1 472 85 F1(CP), {H CP s& M RNA3 W/ 3[R 4]
(RNA4)FHBFIMTSRE 6510, 2b £ (12 I\ RNA2 WL K]
A1 (RNA4A) B PE il ok, 3L R/NE 11~13 ku 2
I\Eﬂ [llNl}].

VE S AT L X 3R AG— B A O 1 JH (Vicotoana
glutinaosa) b= "EIRNTERE IR R R CMV-CB7. AHWF5T
i FEE CMV-CBT J3 1R Gt vi b DL S bt

Pk CMV-Fny #1755 K20 RNA R E 4145, 58
RNA2 s 5| O HRHER SRR IR S5 I P e 5 PRI 1

1 PRSI

11 SR5FEEM

CMV-Fny 12 %1k 7 pF109. pF209 1 pF309
H R 2 AE Y B Palukaitis $24t. CMV-CB7 2 & H
BUIM A, HRAE T =AM (NVicotiana tabacum cv.
Xanthi-nc) b 75 FAEY A OHHE (V. glutinaosa).
1.2 CMV-CB7 EEEL K&

M CMV-CB7 12 4+ = M 41 L $E L CMV-CB7
5 TR 104, 45 MY Trizol A% H Ui W 4 4 4k 5 5
RNA, Jf DL b o4 2 M ¥F 477 RT-PCR, 3k HI
CMVI2F/CMV123R %} il CMV3F/CMV123R %} 7
WY CMV-CB7 £ [441 RNAL. 2 5 RNA3 4K
JEDH, PCR WS4 BOCHER[15]. H ) DNA Bt
2. Sph 1 A1 Sma T XUEEY), FoBE % pUCILS
A CMV-CB7 JE R 4] RNAL. 2 Fi 3 BHPE v B
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(pC1. pC2 Ml pC3) i ik 15 %5 5 4% FEKG 2 73 A4
2SI I0 Fi R U0, 28 s e 1) BH P SO B (pCL. pC2 A
pC3)#&-HL 5 AT,
1.3 #AZE CMV RNA2

KR 1 5149385 Overlapping-PCR J57%, 1E
cDNA /KF-_E#JE CMV-CB7 RNA2 H 2b JE [A
3’ % UTR [X 5 CMV-Fny RNA2 AW #5450 #E1 T H.#e
G Y RNA2, FLARH @Sk g i . L CMV-CB7
RNA2 1] ¢cDNA 2} B4, i i 5] % CMVI2F/
C2b5R ¥~ 4 ) Fragment I C, i i 5] 4% C2bF/

CMVI123R ¥ 1 1! Fragment Il C. LA pF209 Jy R ki i
ok A0 51 R 4y g 3K 15 Fragment [ F Al
Fragment [l F. UL Fragment | C FI Fragment [l F 24 &
ARG, IS4 CMVI2F/CMVI23R 788 H ik &
T RNA29P, DL Fragment | F Al Fragment Il C 47
FIBERR, W54 CMVI2F/CMVI123R 74 H ik &
71 RNA2PG, J3 5| [A]ifit RNA2C Fll RNA2PS PCR 7~
Y, 34 Sph 1 M Sma 1 WUEFY), ol F pUCTIS
Ak b, IRAHZ Yt v % pRNA2SE I pRNA2FC,
7 RNA2 28005 563F.

Table 1 Primers used in this study

Primers Primer sequence Fragment
CMVI12F 5" AATCGCATGCTAATACGACTCACTATAGGTTTATTTACAAGAGCGTAC 3’
Sph 1 T7 promotor CMVI12F nt 1-20
C2b5R 5" CTTTCTTCTTTCGCTGCTTAGTG 3’ Fragment [ C
CB7 RNA2 nt 2391~2413
C2bF 5" AGATGCGGAAGGGGAGGTT 1 ATGGAATTGAACGCAGGCGC 3
(Fny RNA2 nt 2396~2418) (CB7 RNA2 nt 2414~2433)
CMVI123R 5" AATTGGGCCCTGGTCTCCTTTTGGAGGCC 3’ Fragment I C
Sma | (CMV RNAZ2 nt 3032~3050)
CMV12F 5" AATCGCATGCTAATACGACTCACTATAGGTTTATTTACAAGAGCGTACGG 3’ Fragment [ F
F2b5R 5" AATTCTTTCGCTGTTTGTTGG 3’
F2bF 5" CACTAAGCAGCGAAAGAAGAAAG | ATGGAATTGAACGTAGGTGCAATG 3" Fragment Il F
(CB7 RNA2 nt 2391 ~2413) (Fny RNA nt 219~2442)
CMVI123R 5" AATTGGGCCCTGGTCTCCTTTTGGAGGCC 3’
CMV3F 5" AATCGCATGCTAATACGACTCACTATAG GTAATCTTACCACTGTGTGTGTG 3’

Sph 1 T7 promotor

CMV3nt 1~22

14 CMV-CB7 1 CMV-Fny 1 41k 5M % F B9
FEFh

pF109. pF209 Al pF309 [ 4 Psr 1 BgY), Jf
| Klenow i #h*F-; CMV-CB7 12 4% cDNA 77 &
pCl. pC2 Al pC3 UL J ik & #& pRNA2SB A
PRNA2PC 28 Sma | BV, RAFENEAL DNA 1E 4 14
ANEESERER, HEAT 4K RNA RO EE %, AR AN 5%
J7 12 25 WA Al B 5. CMV-CB7(C1C2C3)
Al CMV-Fny(F1F2E3)cDNA 76 AR oML 6771, 1
50 mmol/L pH9.2 i [ 2% 1 5 Kt &% s 7= W) W Bf 2
200 mg/L, BEATIEIAZL RNAL. 2 F1 3 (M4l
T 3R 6 AR HE 4144 7 C1C2F3. C1F2C3.
CIF2F3. CIC2F3 fl CIF2C3. PL L #%5% RNA R Al

Y5l HebhF 4~5 mf Lo, R R IR
BAEMIAE 28°C L JEIR 14 h MRS FRA P R 9%
1.5 RNA ENiZE5 47

B 7 K, 4 mm 47 5L 2% 25 R AR AR L
CMV-CB7. CMV-Fny. CMV-Fny®® F1 CMV-
Fny®® a0 R 48 B Trizol $2EUE RNA, )52
FEfh A P A g (B, BEFESLHBEFNAEEL. RNA H
FEARPERIYK . IR 2P bRl BREF DL AL S5
BR[16]. JT FHERER A 45 nt [ CMV JE[F 4] RNAT. 2
M3 3L 3w B P %) 2 57 TGGTCTC-
CTTTTAGAGACCCCCACGAAAGTGGGGGGCAC
CCGTAC 3'.
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21 CMV-CB7 EFALKFIRERLMERE
FEMES T

DA 2240 T RNA AR, 13t RT-PCR 44
3K A3 CMV-CB7 3t [ 41 RNAL. 2 f1 3 ) 4= K
cDNA, £ Bl R, FLR/N 5358 3 356 nt
(nucleotide, nt), 3 045 nt Al 2 218 nt (J7¥) & %5
4y #l A EF216866. DQ785470 Fl EF216867).

Fig. 1 Symptoms on N. glutinosa inoculation with
transcripts RNAs from CMV-CB7 genomic RNAs at
10 days post-inoculation (dpi)

CMV-Fny fl CMV-CB7 & K 41 5 56 RNA #2510
W, fEHEFP 3~4 dpi(days post-inoculation, dpi),
CMV-CB7 #& 75 & 8 K Wt 3L IR 26 4 IR,
CMV-Fny 7t 4 # & £ R 7 AW WAE AR, Btk
CMV-CB7 12 ek v i HAT 5 H i . 7 dpi,
CMV-CB7 {ECo MR F 5 I 8 Tl SR 8, T 22 el
CMV-Fny 8 ¥k H BL & 45 46 . 10 dpi, % Ff
CMV-CBT7 [0 HIR R GV SE, 17 CMV-Fny
725 F BRI B ALK R (] 1).
2.2 CMV-CB7 5 CMV-Fny B =E A& ¥ 89 E K
S

¥ CMV-CB7 1 CMV-Fny #% > % B 4
(C1C2C3 FI CIF2F3) HEATAC#e, 41p 6 M E 4l
9% 7 . CIC2F3. CIF2C3. F1C2C3. FI1F2C3.
F1C2F3 Fl C1F2C3, Jf4&fr 04 F. 10 dpi #%
AN EEREIR R N T 2 fg 2 s, B €1C2C3 5]
A EIREIE RSN, C1C2F3 F1 F1C2F3 [AlFE 5]

Fig. 2 Symptoms on N. glutinosa infected by pseudorecombinants between transcripts of
CMV-CB7 and CMV-Fny at 10 dpi

Table 2 Comparison of symptoms on N. glutinosa by
infeced pseudorecombinants between CMV-CB7 and
CMV-Fny at 10 dpi

Viral strain N. glutinosa
Cl1C2C3 Systemic necrosis
F1F2F3 Systemic mosaic
CIC2F3 Systemic necrosis
CI1F2C3 Mosaic
F1C2C3 Systemic necrosis
F1F2C3 Severe mosaic
FI1C2F3 Systemic necrosis
CIF2F3 Slightly mosaic

Ao PR 3T oty R R R At A T 4 28 g ) 3
LA AR R B e nt. DL B4 KW . CMV-CB7
JER 2 RNA2 J2& 5|0 00 HH IR ZERE IR (¥ ok 52
7. kA 28 RNA2 SEAR O 40 1 25 ORI,

RNA2PS K pF109 Al pF309 % 5% RNA Ji Al $ Fh
(CMV-Fny™S) 76 0 iF il | 5] k2 f BE 38 28, fi
RNA2B 5 pF109 F1 pF309 #% 5% RNA Ji H1 42 Fil
(CMV-FnyS?) U] 7= A F AL R AR (B 3). IX— 45 1%
B]: RNA2 Jusg {07248 RGeS FERE R T g
XA AT REAT T 2b FEDR L RNA2 (1) 3 b ARG i X .
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23 RSEBFFPRELESHERBSENSIT
HWEFE CMV-CB7 Fil CMV-Fny™® 5|t 04K
N NS 15 IR R R GE 35 1 rp 3L 41 A R
& & T CMV-Fny/ CMV-Fny®® Fr 5], 7 dpi,
CMV-CB7. CMV-Fny®®, CMV-Fny #iI CMV-
Fny®® R 447 Y495 15 RNA 22 RNA IR0 #r &

W, CMV-CB7. CMV-Fny®™®, CMV-Fny #l

CMV-Fny®® 7600 5L D41 3 & 0 il Wl 22 ¢
(Kl 4). X%, CMV-CB7 M HARFE AT O
A R GE PRI BE 5 H I R A& & 10 i

Fig. 3 Symptoms on N. glutinosa induced by inoculation with transcripts RNA of
pF109, pF309 and chimeric RNA2 ¢cDNA at 7 dpi

CMV-CB7
CMV-Fny
CMV-Fny"
CMV-Fny“P

s

Northern blotting analysis of CMV genomic

Fig. 4
RNAs in systemic leaves of N. glutinosa
Total RNA was extracted from equal tissue of N. glutinosa at 7 dpi, and

28 s rRNA was used as internal control.

CMV 7535 & b i WA b et &b iR
L0368, R ERIE CMV 1, HRTIE BT KIS
B RGP ERSER B R R, Xu S50,
CMV-Fny 55 D-satRNA J& 350 T2 0 -, $efh
RN R ZE BN, AHAZEAR A S i CMV-Fny
o, ZPA D-satRNA A5 T 2 5 A 40 o e
FPPEAE I N FITEL. CMV [F) Y-satRNA 551 7 551
ISR FEREIRR, AHF5Y KB, CMV-CB7 £EO M4
SUEINGE, Jf 1 — 8 A e HRE R 2k KT 241 RNA2
YeE (B 1, 2 MR 2). k& Mk RNA2 A2 Yt i &
L, CMV-CB7 RNA2 [f] 2b FE [ 5k RNA2 ) 3’ 3ifi

A5 G A5 X g AR O B R (] 3). R
CMV-CB7 Fl CMV-Fny®® 7£ 25 3= it 7= A2 i Ak b
CMV-Fny Al CMV-Fny®™ &, {H/& 4 ANEFRECM
JH_EIER AL A ZE AW . it v ., CMV-CB7
LEIH EP= EIRBO RN, AN E R A AR 25 A2
WS R TSR 4). 2a B AR T 1E A RNA
G EEHR AT EHIA, S 5T A 0 B0
S WL 21, CMV-Fny £E Y1 5. (Vigna unguiculata) 5|
I SR BE S N 3 2a BRI HE, HEHLEIE
7+ 2a #[ motif D BERRAAEH 3800 BEA e K &
BETLIER, SR EIR A O RE M, X4
w5 AW BTS2 A &

2 % x #k
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Necrosis Pathotype Induced on Nicotiana glutinosa
by Infection of CMV-CB7 Related to RNA2"

LIAO Qian-Sheng”, DU Zhi-You?, ZHANG Hua-Rong?, ZHU Li-Ping?, WU Peng?, CHEN Ji-Shuang® "
(" College of Life Sciences of Zhejiang University, Hangzhou 310029, China,
Alnstitute of Bioengineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract Full length cDNAs of Cucumber mosaic virus (CMV) CB7 strain, causing necrosis on Nicoiiana
glutinosa, were obtained by RT-PCR, using viral genomic RNAs as templates. cDNAs of CMV-CB7 genomic
RNAs were cloned and sequenced and results indicated that RNA1, 2 and 3 was 3 356 nt, 3 045 nt and 2 218 nt,
respectively (accordingly Accession Number EF216866, DQ785470 and EF216867). Infectious RNA transcripts
from cDNA clones of CMV-CB7 were inoculated onto N. glutinosa and the seedlings of host plants displayed
necrosis symptom, whist that of CMV-Fny induced typical mosaic symptoms. Through pseudorecombination
between CMV-CB7 and CMV-Fny genomic RNAs, the genetic determinant of necrosis phenotype was mapped to
RNA2. Chimeric infectious clones consisting of partial sequences of RNA2 derived from CMV-CB7 and
CMV-Fny, respectively, were obtained by Overlapping PCR. Pathogenic analysis with those chimeric RNA2
revealed that 2b gene or 3" UTR of CMV-CB7 RNA2 was responsible for the necrotic pathotype. Northern blotting
analysis reflected that both necrotic and non-necrotic viruses accumulated to similar levels of genomic RNAs in
host plants. Therefore, necrotic phenotype induced on N. glutinosa was not related to the level of accumulation of
CMYV genomic RNAs.

Key words Cucumber mosaic virus, Nicotiana glutinosa, necrotic pathotype, RNA2
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