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1.1 J% cDNA %[

Fny-CMV & [K 4] RNA1. RNA2 1 RNA3 [f]
2 Yt ¥E cDNA 3¢ [% pF109. pF209 Al pF309
Scottish Crop Institute [J Dr. Palukaitis $/& {12,

1.2 [RHI pF209A2bpro BY#iE

7 pF209 JFUkL LAt b kA7 fig A e b, RIJE I
PCR 7755 N2 11 5 1 I 5038 168 20 v I (1) R
AR 7, M 20 RALEHF EHRANALKE
[ 2b A% 50 [ pF209A2bpro, JLonaE Bl 1 fr
. SRR T 1) AR 1.

pF209A2bpro

i
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A ACGH
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Fig. 1 Schematic diagram of pF209A2bpro plasmid structure
Nucleotide substitutions of GA (2 422~2 423 nt) and T (2 441 nt and 2 471 nt) with TA and C nucleotides prevent expression
of 2b ORF in pFny209A2bpro. The nucleotides introduced to generate a termination codon or destroy ‘ATG’ codons are

underlined. Arrows indicate the nucleotides substituted. The plasmid contained a modified T7 promoter [T7] at its 5' end.

Table 1 List of primers used for constructing the pF209A2bpro plasmid

Primer name Primer sequence Position at RNA2/nt
C2F1856 5" GGCTGAGTTTGCCTGGTGTTATG 3' 1856 ~1 878
C123R 5" AATTetgeagTGGTCTCCTTTTGGAGGCC 3! 3032 ~3 050
C2R2420 5" ATAATTCTTTCGCTGTTTGTTGGA 3' 2397 ~2420
C2 F2749 5" TGAAACCTCCCCTTCCGCATCT 3' 2749 ~21770
C2 R2770 5" AGATGCGGAAGGGGAGGTTTCA 3' 2749 ~2 1770
C2F2398A 2b 5" CCAACAAACAGCGAAAGAATTATGTGATTG 3' 2398 ~2427
C2F2444 5" CAAACGTCGAACTCCAACTGGCTCGTACGG 3' 2444 ~2 473
C2R2466 5" AGCCAGTTGGAGTTCGACGTTTGTCGTTG 3' 2438 ~2 466

Primer sequences in italics are complementary to RNA2, while those in roman type correspond to RNA2.

Underlined nucleotides in the primers are the mutations introduced into the plasmid. Lowercased nucleotides in the

primer C123R is the Pst | cleavage site.

A T L E R 3 & A DNA
B@EIL, FI, FII) #gimpk. B F 1A FIL@E
PL F209 Jit ki 54 23 ) BL 51 90 60 C2F1856/
C2R2420 A1 C2F2749/C123R #4T PCR ¥ Wi 5k 153,
ZH AL T Fny-CMV 2b JE R B0, 43 90 52 47
1 856 ~2 420 nt A1 2 749~3 050 nt ( L Fny-CMV
RNA2 FFHIE AR E S 2%). B F I G2 il i
1% C2F2398A2b /C2R2770 ¥4 2b ORF 45 2 4>
IR E I GAA B 2% 1 TGA. 5,
WA F 1. FILAFILA O Beff o8 PCR OV
M, F51#%F C2F1856/C123R #E4T PCR 31,
343 [E] PCR 774 F209A2b-tga.

7E PCR /%) F209A2b-tga [ 3LAH I, @il 5]
) C2R2466 F1 C2F2444 ¥ 2b ORF [ 8 Al 18 fif
AT ATG By ACG #1651+, EILL PCR 74
F209A2b-tga A #5Hi, JH 514X C2F1856/C2R2466
F C2F2444/C123R 73 54 143K 15 70 AL T 2438~
2 466 nt fil 2 444~2 473 nt [f] PCR F=¥). &), &
A UL E 2 /> PCR P“#1E N PCR Bit, H 51H%)
C2F1856/C123R ¥4y PCR ¥ 14, 3R7H PCR 7]
P4 Pse 1A Hind Y] )5, 5 pF209 ki 4
EcoR 1 « Pst 1 F1 Hind Il { V) [ 2 A [0 4 3%
B, HRFWIHAL E. coli DH 5o, IR 5 TR
2H TR
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1.3 {R5MER | EYEMAIR SR TRE

IrRILEE Pt T D) 5 26 A Klenow K H B
WAL 5L F K 3 () pF209A2bpro. pF109. pF209 F1
pF309 Jit ki A K& HR , H Large-scale in witro
transcription kit (Promega 2 1, USA) 73 A A& #R % 5
4 fRNA2A2bpro. fRNAT. fRNA2 Al fRNA3. {4
bR S PR 4 RNase-free DNase RQ1 JH AL L% -
Tt BB DT vE AR FE M€ f5 . BABEFR RNA 200 ng (1)
TR A B Rl . fRNA2A2bpro. fRNAT Al
fRNA3 WA R0 i 7= A A ik 2b 8 E 1 Fy-
CMVA2bpro Z24% #k; fRNA1. fRNA 2 1 fRNA 3
TR FE Lo I 7 2 B A2 U Y Fny-CMV; - DA R
22 pP (0.2 mol/L, pH 7.4) #EFHAE by 4% 11 5t IR
(Mock). ¥ Palukaitis FI Zaitlin? 7 {2 MR 0 1
JH 2 45 20 23 4 U 5 R 1. H TRIzol 3K 7
(Invitrogen 22w, USA) I B RE 1~ Fh 43 (25903 55 3 1A
41 RNA.
1.4 EYTE

LaW A (Nicotiana glutinosa) %1 1 22~28°C |,
FFET 14 OGN IR =0, 4~5 51
R RN 1E RNAD, fANA0EE 6 bR, A 2 IR
Rl 3 KIFURIC SRR,
1.5 XERFEHNE

K T 45 6 & 00 & 48 (LCpro®, ADC) fE
R FERN G 100 20 #1030 K, 7E 26°CIER 4414 LA
S 800 pmol -m=2-s™ JE 5k T, 43 Al E Mocks
Fny-CMV F Fny-CMVA2bpro 12 4% {0 - R R T
WA 2 RGOS E (P (wmol -m2-s7))
FIffula] CO, ¥ JE (C/(mmol -mol™)).
1.6 MEHRS=EHINE

O B AE B2 RO RE 100 20 AT 30 R, IR
Mock. Fny-CMV F1 Fny-CMVA2bpro 2 Fit (1] .0» 11
ARG 0.1 g HI 80% 1A I $2 B - 43 3%
SR G FH 43 06 06 BE 1 D 58 K AT M A sasan 1 A g
B, M Amon AUTHA 483 a FIMF4EE b I3
%[26]_
243 %% a & & (chla) =(12.7 X Ag—2.69 X Ags)V/
(1000 m)
I 24 2% b & & (chlb) =(22.9 X Ags—4.86 X Ag)V/

(1000 m)
17 BEREYRALNBRENRE
B A 20 K, I Mock. Fny-CMV Al Fny-

CMVA2bpro 73 A IR R Ge 4128, s
RN - BRI 71U 2 . Epon812 (A © B=1:
6) FLHE . HETE DI A, P R OUAE A Rb E R
P SN =P A=K WUIE 22 AR T
1.8 fFEEEHETF RNA RHIFEFH RNA 2
ZEWMHH

M G 100 20 F1130 K, H] TRIzol ik 7
(Invitrogen 23 7)) 43 5l 42 U AT Mock 4 Ff i .0
WERE T AR 28 2 7 RGN 41215 RNA, RNA
AV JE LK, S HE I RNA 2948 77959, F] 2P by
LI 55 5 DNA BREE 0B KRG 2L RNA 15
B AREE N 41 RNA FIE L K 4] RNA R 245 00
ZHREF (5" ACTGACCATTTTAGCCGTAAGCTGG-
ATTGGACAACCCGTTC 3') 5%¢4 H 4T CMV &%
FE[N4] RNA 3" UTR F— B 7 74129,

2 & R

21 2b EEARZERTHRNEYFEFERETR
EE

DLEE 20 JF0RE pF209A2bpro I ARANEE SRR, 44
AN S B fRNAT F1FRNA3 TR A 35 Ffcs i,
313 2b | AR RIE AR A Fny-CMVA2bpro. 2 Ff
ZRANIG 5~T K, MHERIEZRACHRER, (HRE
FHEPNIN ) R, SRR RO, 20 K JiE 1R A
W52 BIGE IR . BUEE R Fny-CMVA2bpro 14 K R 40
2RO, 42 2 R WS 14 K0
M 2R G 2 2 rh S 4l s ki1, DL BRRE T
PRI RNA E AR, H590%F C2F1856/C123R
W4T RT-PCR 473, 3R43 5 MUK /N&Y 1.2 kb)
P25 (45 AR BoR). 83k 145 11 DNA B &
TA FLREFIWF 7087, 578 Fny-CMVA2bpro RNA2
FP AN TSR i A7 H IR AT: A A2 S i ] 2 5%
A LA RS Rl T AR A 2b R AN RIA R
AR Fny-CMVA2bpro HAF AW 5d e, IFaedese
itk
22 HEEWMFRVMER

5} 42 7 Fny-CMV Fll 2b 25 (1 AN 8 35 R 748 44
Fny-CMVA2bpro 13 440 -4 5L 1735 2 I 56 4 1
s BEERERA S, Hr# W05 R AR W R A
PEERRAREIR, 5 AT SR AN R I AR AL AR BT
PRI KA 2).
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Fig. 2 Symptoms on Nicotiana glutinosa inoculated with Fny-CMYV and Fny-CMVA2bpro

at 20 days post-inoculation
(a) Mock. (b) Fny-CMV. (¢) Fny-CMVA2bpro.
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Ot A MR e (10 45 R WoR (K 3a): BeRlG
10, 20 A1 30 K, Fny-CMVA2bpro 13 4 [0 i 4K
I A R B2 5 T Fny-CMV A2 4 10 -
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H130 K, Fny-CMV {7 L1650 H-HE R A [H) CO, MR 52
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Fig. 3 Effect of virus infection on the net photosynthetic rate (a) and intercellular CO, concentration (b)
H—M: Mock; ®—@: Fny-CMVA2bpro; A—A: Fny-CMV.

24 HERFEBHMELR

RS 100 20 A1 30 K, *F Mock. Fny-
CMV Al Fny-CMVA2bpro 4% Flt f £k ) I 4% % a
(chla) FIIFZE 2 b (chlb) & BEAT T E, X5 T
A3 58 BT A0 M. 45 L W] (& 4): chla 1
chib 1) & A8 4k & 4 5L A A1 8L, Mock Al Fny-
CMVA2bpro FFFLoHHH chla HT chlb & & 3476 i

FH P > 0.05), REEEMIE 10 X, Mock.
Fny-CMVA2bpro fil Fny-CMV = 3 7E chla 1 chlb
i PR E N ERP > 0.05), Hik, 7iHE
PG 20 KH1 30 K, Fny-CMV 12 #0044 chla
Alochlb & & B F L T Mock X M A
Fny-CMVA2bpro 13 4.4 (P = 0.0000).
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Fig. 4 Change of chlorophyll a (a) and chlorophyll b (b) contents in Nicotiana glutinosa plants infected with Fny-CMV
and Fny-CMVA2bpro
H—MN: Mock; ®—@: Fny-CMVA2bpro; A—A: Fny-CMV.

25 HEUERLR
BB W % Mock.

FE A9 A2 175 W 7R (] 5): Fny-CMVA2bpro 12 4L 1)

Fny-CMV  f1  Fny-
CMVA2bpro 2l 20 K FR5/Ca -4 - PRI 40 B i 4

L R G A O I SRR TE A FE A I, ARk 4
Fysess, SR, AR Fny-CMV A2 G (1) 0o 4 45
AT £ 0 PR P S5 A B0 285 e i R 3k 2 Y AL

Fig. 5 Ultra-structures of chloroplasts affected by infection with Fny-CMV and Fny-CMVA2bpro
at 20 days post-inoculation
(a) Mock. (b) Fny-CMV. (¢) Fny-CMVA2bpro.

2.6 RNA EfjiisE R

HFFE 2b IR FKIE T 3 Fny-CMV 7£ 0 I
b 1) B0 R 2R e 15 50 B AR RNA IR R
A%, AT RNA B8 T Fny-CMV A
Fny-CMVA2bpro 7 2 148 RNA 750 4l 52 48 21
U A BIKT. 45 R o (Bl 6): fEHRT 10 KA
20 X, Fny-CMV 5 Fny- CMVA2bpro [f] RNA3 4
FAHRL R R, (HE, AT 5L 41 RNAT A
RNA2 J 3L R 41 RNA4(GihS CP 25 1) F1 4A(Gh5

2b MR B R WS T A #M 30 K, B
A Fny-CMV WAL [K 2] RNA4 fil RNA4A FIF &
B FET Fny- CMVA2bpro, {HAE 3% RNAIL, 2
3 & BERAWI B ZES XU T 2b RAMEE
L5 B2 CMV s 33 55 PR 21 78 77 AR N IR
KT, R 2b B AR O R R AR A R B0
PECELFE 75 2 A2 ) 2 2 T RN AN i R ok 5 R 9 7)) S5
B ACRNA AR EA G, Fralid RNA4 5
K-
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Fig. 6 Northern blotting analysis for progeny RNAs of
Fny-CMV and Fny-CMVA2bpro in systemic leaves
Total RNAs were isolated from host seedlings at 10 days
post-inoculation (dpi), 20 dpi and 30 dpi (indicated on the lower). The
inocula are indicated on the upper. The positions of RNAs 1, 2, 3, 4, and

4A are indicated on the right. 7: Mock; 2: Fny-CMV; 3: Fny-CMVA2bpro;
4: Mock; 5: Fny-CMV; 6: Fny-CMV A2bpro; 7: Mock; 8: Fny-CMV;
9: Fny-CMVA2bpro

3% ®

CMV 2b H FA7E 2 EOMRMED A o 50
K7 AR AR R Fny-CMV Al Q-CMV Hr #4575 5]
BGAFN0Y, Ding Z5097E Q-CMA2b ORF A4 A 28 1|45
Wy, KRG TAEFEERNARIE 20 EAMW
Q-CMVA2b KA, 1% ARAAT G0 i 5 2 T
B AT Q-CMV HE R AR . R R (1) 5 v
4 Fny-CMA2b ORF %5 2 ANS JE PR % i+ e
OB, HE, @R T TR
M 2b ORF %5 8 N5 1~ (AUG) &ihfllie, 74
e N o 7 A2 R R B A 523 2b B PN itk ]
UL, AXUGE R BRI 4 /E 2b ORF Ff i A\ 26 11 % 4
T IFAREBH 1L Fny-CMA2b 5 111334, Soards 2587
1 M B 2b ORF [ #% 17 2 7 41) Ji Dl A 1
Fny-CMVA2b 845 4, fH &, %58 Rk 2b
ORF (¥ [A] i 8 25 T 2a ORF (¥ 3" i 37 41), [tk
FFANREFIFER 2a 3" st W BUR P AT RETE. BRI, A
T AN FEM 2a B 1) SEREPEFIAS B B 52 M RNA2 %
R4, AWFFTLER 2b ORF (5 2 N IERR I
B A B T R AL B, RAR T 2D
ORF 155 8 {7 A2 18 A7 1) G 1 I 2 IR 11 %35 Y
T, SEAFEHT 2b B ERIA.

2b AT AN M RIAAE PR R

B, et B AEREIR, AR, 2b A A
FILN BE LT CMV EURME, & EAKMNE
W3R BB 2 B 2 0 AR 2 M
PER AR — N Z AT 2b 3 1 S 20w
PR G EEA S ERMHRIE? ik, A
FMNCE B, 43 a b 5. ARES
HH SRR R 25 15 G5 4 25 5 10 0 B 4221 Fny-CMV AT
2b A A FRIE A K Fny-CMVA2bpro #E4T T b
B, RIVEFAEM Fny-CMV 2 30 -0 5 S 8095 =
FOEHARRPEC, XY CHRIE R LR R )
AR LA — 80, 032 85 A e 2R G 1)
IF SRR N AED i Farquhar Al Sharkey® 45
JLIH) CO, ¥R 2 I ) W 75 3k A AR Ak 1) 2 A s
P 1 B AR Qe Al e B Y E R CO, WK
FEARAIA A MR G AT CERBM: FX6E
R AL, MR -1,5- T BERR  (ribulose-1,5-
bisphosphate, RuBP) (1] A 3 % 1, 25 52 31| fiL i,
IS VEAZ A -1,5- B5IR — S R IERE . LG
(ribulose-1,5-bisphosphate  carboxylase/oxygenase,
RuBPCO) A fE 1 & B 75 152 4% i M A0 v R 2 ) i
i) CO, M. v L, FEPDG A AR IR A &
511 CO, W BE S EE R B, BRIV ' 3 A F AR
ERTE MR CO, W EETH . AT ST 5E 1 B AR Y
Fny-CMV {3 3¢ (R0 416 5 3 R A 1] CO, ik
JEZ IR LR ZR, HIAME ek % 3 Lk
WG 5 534h, BAER Fny-CMV 12 3801
JH 5 A BOm AR S R, 20 tEE A
FKIE[) Fny-CMVA2bpro SR AR Y di ) Ja RIS
Mock FZ R LY AHALII AL, Ul AR 32 00 B 45 %
Jea RILHPREAR 5506 G 132 58 R BEAH 2. LA
SRS R TE TGS IS IR S R R SRR ELER AR
R LA EERAR U] 2b H A 0 A A A R
I T ORI O

H Balachandran S5PHIE S T AH A& G 25 )5 -
ZREREE TR LA R PR A IR ),
BRI EE AR G R AN R SR AR R TR S R D BEF AT
B BR R0 A L A ) sl 2 i A AR
ST B YA 5 A0 P A S AR T AR,
R Q) 5 233 A i TP I S AR R, TERS
SGERTBOR . DORE S A SO A R s B
"= Fry-CMV 432 % J /O - 04 20 i 1 2 441 25 i
Ik, HIELAHL, SR, Fny-CMVA2bpro 1% 440y
R A o e NN S o 5 N A R BT S
Mock FEAKRAHLL. Jockusch S50, i #E4% G 3
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BT F SRR T PR DR R I S A 4 R R AR R
JITEL. Guo SEU LR UM TR P a4k 2 = i
FEAR AEAREIH, Fny-CMV 12 4 S804t R 55
S E B, 1 Fny-CMVA2bpro 15 et 25 J2 -4 %
R .

Reinero ZEUSR L, M H0 A6 HE 55 B (TMV) (1)
CP e SR R N IR SR BHLIE TR A 1E T e AL i
BT, SRS R SRS KR
RN, /K07 S E] CMV (1) CP A7 4E T
I JOR TR SR, CP VIR 5 R 32 95 1 AR s
Je R BLEER B AEA ¢, Hsu ZEBUR BL, o 4K
CMV [ CP {3 EMAP A &R R, My
Pk CMV ) CP 7L % L&A R, K5
RNA EIF4E 7R, Fny-CMVA2bpro 12 44 5 11
£ RNA4 (I3 28 (45 CP 2R ) B BAK T B A= 7
Fny-CMV 12 445 () 740 RNA4 (8 B, X,
CP 1R FE AN 55 K ) 52 3 F4% J2 e SR I e A 72
FEA G, 1 H A8 CP B R iA IR v e & 2b
TR B A5 S0 1 (17 = 22 J A

B2, Fny-CMV 2b £ [174£ 35 RN R IEA
T T IR RO I S B R, SO SRR
FIREIR, FEAR T 438 a F b (5=, i) T
R B plide . B AR CMV ) i 800 7E 38 5
Fny-CMV 148 RNA 7£ 25 4k P 1 = AR AT K.
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Effect of Cucumber Mosaic Virus-encoded 2b Protein on Photosynthesis and
Chloroplast Structure of The Host Plant”

CHEN Fei-Fei", DU Zhi-You "2, LIU Xin ", XIE Li?, CHEN Ji-Shuang" ™
(" Institute of Bioengineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;
? College of Life Sciences, Zhejiang University, Hangzhou 310029, China)

Abstact The 2b protein encoded by Cucumber mosaic virus (CMV) plays an important pathogenicity role in
many solanaceous hosts, but mechanism of inducing disease is still unknown. In order to investigate virulence of
the 2b protein on Nicotiana glutinosa plants, in terms of chloroplast structure and photosynthesis, a mutant
Fny-CMVA2bpro, which cannot express the 2b protein, was achieved by introducing mutant sites in the 2b gene of
Fny-CMV. N. glutinosa seedlings were inoculated with wild-type Fny-CMV and the mutant Fny-CMVA2bpro, and
were analyzed for symptom expression, chlorophyll content, photosynthetic rate, and ultra-structural alteration of
chloroplast. Up to 30 days post inoculation, wild-type Fny-CMV caused symptoms of severe mosaic, leaf
deformation, and stunting, reduced photosynthetic rate and chlorophyll content, and altered the ultra-structure and
morphological characters of the chloroplasts. However, host seedlings inoculated with the mutant
Fny-CMVA2bpro expressed only slight mosaic symptom. Their photosynthetic rates and chlorophyll contents were
not significantly different from those of the mock-inoculated plants, and the ultra-structure and morphological
characters of their chloroplasts appeared to be normal. The observed low photosynthetic rates and chlorophyll
contents were related to the breakage of the chloroplast morphology and ultra-structure. Results of Northern
blotting showed that the virulence of 2b protein was associated with high accumulation level of CMV progeny
RNAs in systemic leaves. Non-expression of the 2b protein reduced the accumulation levels of its genomic RNAs 1

and 2. The level of subgenomic RNA4, encoding CP protein, was found to be significantly decreased.

Key words Cucumber mosaic virus (CMV), 2b protein, photosynthetic rate, chloroplast structure, RNA

accumulation
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