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Abstract: [Objective] The aim of this paper is to study on the expression of important functional genes and pathways in

cucumber leaves in response to CMV stress. [Method] On the basis of study of photosynthesis and activities of defence-related

enzymes, the changes of gene expression profiles was analyzed by microarray in cucumber (Cucumis sativus L.) after CMV infection.

In order to validate the microarray result, five representative clones induced or repressed from microarray analysis were selected for

real-time quantitative PCR analysis. [Result] Significant changes in transcript abundance were observed for 67 genes, among them,

42 showed down-regulated expression and 25 showed up-regulated expression. Analysis of these CMV-responsive genes showed that

they belong to wide range of functional categories. Many genes for photosynthesis and nitrogen assimilation were strongly repressed

while some defense-related genes, on the other hand, were found to be up-regulated. In addition to these expression changes, some

functions unknown or unreported novel genes that respond to CMV stress were also identified. [ Conclusion] A complex set of

metabolic adaptation appears to occur during CMV stress and some genes, such as PR1-1a might play an important role in defence.

Key words: Cucumis sativus L.; CMV; Microarray ; Gene expression profiling

ks HER:
EEWA:

BN

2007-08-25; %% HEA: 2007-10-15

[ K T R 7R v R B I H  (2009CB119000), [H 5 AR EIE 4R BIIH (30400297, 30671257, 30800763, 3050044) FIdfF
VLR HARBFE RS T BINE (Y307168)

EftE (1970-), Lo, WL N, 1, W7 RABIS TAHEWY . Tel: 0571-86971391; E-mail: whmao@zju.edu.cn. W IHAFEE 5t
B (1963-), T3, WHLX SN, HdZ, W97 thd 4%, E-mail: jqyu @ zju. edu.cn



3692 H A 4 %

0 35

[t Y s )R{Er 3 (cucumber mosaic
virus, CMV) JE2EZ i #Al (Bromoviridae) %
JRAE 5 25 )8 (Cucumovirus) MY Y G, 27 FVu
+o3riz, BEIRYE 85 BL 1000 ZRAEMN . Hh ks
V2 EEATAEY, W5 EFEmNINIE, & ERL
J& SRR YI AL A5, X SR 1 A = it
BT ERM&s k. LAt ABFREERE] 6T CMV
BRI B Z B EAL, (HLAEXT CMV 1A
RELAEETH CMV I R URD 55 10 A4~k
FEP, T CMV-AF 2 HARHLEL I SUAR R D
AV RR IR R MG, #olEMYes T
B Bk SR R EAEDS, ki, fE
YIRS S R AR S B SR R — @ I ROV, = A
fH9 07, IRl CE s IE R AR, &5
SR 5B T W R R 2k Rl i AR A0 7= AE bt
PR, T LA A0 995 15 [ I A — A3 B AR R R
W R ZFARUNRAR TR R W PME . BT, SRS
AR EAT A . LR (D0 55, 76995 5014 -
A FHAENVERAE T E R T A T R R N S
12 FH L DALY F BOARBIE 7000 i B 5 40 v TS5 B A A (1)
LR(GRE/TCNENE-SIT7E S ENTIS87I NS I VI
(Cucumis sativus L.) J&—FPyRS2 ANATT3 % (1 2T
WA EAEY), oA I R b o) 52 5 A s #5432
4o, (HHEFX CMV-% £ BAEHLEEF 7Y 4 T
WO R, R, i S R-CMV BAE 5y
TR F AR . DR ) S ) 3 ] AHIF
FUAT G5B AARAS SR 5 22798 6 2 B0 S it AR DG
PRI e ()8 b, R AP A AR KR E S
ST E S TR % 1 S TT AR A B K I cDNA S
RLE A WFCERAE CMV A2 G iX —2E e~ 4R
Wi 1 S FE DR ik il A4k, Ry A F-CMV HAEHLER R
TR R D RE 1R 4317 5 50 UE SR A BB A HR
1 #RIERZE
1.1 #RHEFRRALE

AR B RP R EJF 3 %57 (Cucumis sativus L.
cv Jinyan 3) o KHiE— @ HOE MR RERN T RDR S,
W T 784 FE T B % N\ Hoagland 1 Arnon it 7578 57
¥, 7F 12 h 600 pmol-m™s™ PPFD Hl 28°C/18°C 444}
N R, WIEAERE 5 d 1 YO SR

455 (cucumber mosaic virus, CMV) 12

Yoo WRIGW ML (1) CK (REF CMV) 5 (2)
CMV (Fh CMV) o FEGITHE 1 S IFr, LA
PP PR E (0.01 mol- L WMe £ 22k, pH 7.0)
A5 1) CMV A= G V8 R ¥ 3R e A 7
WRFIES 1y BCHy,  JF LU R &1 PR R R AL 2R
PERRE RN SRR R, BB EE 40 #R. BEREER 12
Ko BUEMER 1 52 A TP AT & Bl b it e -
IBIN, R CMV R8Iy 2RI LR R e
1.2 Fik
1.2.1 ARG EETLSHNMNE N
LI-6400 #6444 (35[H LI-COR A ) 2Er2) 7R Y
BHE (Pn) « SALFE (Gs) FIflE] CO, ¥ (CiD
N FMS2 ki il =X 2¢ 6 (9 Hansatech A ]
AP B NS HR R R IR LR Fv /Fm’
JeAL K R qP PSILG & L AL R 7R
Ops A1 PS 15 KA Fv/Fm, 86588 600
pmol'm™s™, WJE K 25°C, CO,WJEH 350 ul'L’,
Z [ Zhou 2PN TR AT A VR F A 4 5%
SESHI e RV, e R0 A 1 e A
JETFH, MEEA 3 K. SLEEREZ A SHONE S
A PR R AR, — 76 CIRRARAE, T RS
PEMI 2 S RNA $2HL
1.2.2 BEEMHNINE RNARMGEN (PAL) W51
MsE: B 0.3 g AFII 1L T4 1 0.25 mol-L iR
ey (pH 8.8, 5 mmol'L™ $iJEZWE) 7Evkis L
WEEE, SJ3M0T 20 000X g RGBS 0> 20 min. HY E
A% Hyodo 2 MOV [ 2l s B E v, W52 BT R
A PEA R 290 nm B OGEIRISUE A, BLAA &8
B0.01 2y 1 ANBEEE AT

MOIARE I EA L YEE (GPOD) &L E . B
0.3 g FRM-ZH40n 25 mmol-L™' HEPES ZEmk (&
1%PVP, 0.2 mmol-L" EDTA) T-UKiaHiTEE, 413
T 20 000X g TR L> 20 min. BT W% Cakmak
AN 7 0 i R E AR s B 10 s (R3h )
AR S S N I
1.2.3 FOLE R & R A, HET
T A8 7 AR 5256 Z A GenBank O & A 42
YA AE T ) OCBERGIE R 7 41, LA IR Fy A AR
K RT-PCR 547 B 1K L [ AH N SE R B, R 58k
432 AR B e A B W R AE A B A A A
TAER LA BTS00 cDNA A . ES A &H
9 M cDNA F Bt fil 423 4~ ¢cDNA K%l
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1% TRIzol "1 771t B 15 43 Bl L X AT CMV Ab 2
FEACS RNA % 90 pgo H AN b FE) 10 pg & RNA
FHF QRT-PCR ik, 80 pg & RNA T H 92 684
R 2% . RICEREM AR IC SR A CyScribe First-Strand
cDNA Labeling kit (Amersham) Fric,, ALPFEZLLA Cy5
dCTP #ric, XHEZALL Cy3 dCTP ¥rid. 1% EME
SR T VLA T I 4 DOGIRETFRL . 5 24T
TWHUE BB T o A PR E 3 OB ARYS,
BN 2 S RIRHIWhsvE Sy . (1) Ratio {H>2 AR
AL, Ratio {4<<0.5 A W] R IR IEIEN,
0.5<<Ratio {H<<2 PN ZIEFFILTLH AN  (2)
AT (AR 25 S — 2, RIS AR A A R Rk
G, HFEEAML, THEIER RSP Ratio {EH N H
42 i) Ratio {EL /1T ¥I{H
1.2.4 QRT-PCR BiEX AT &R WS 4T
gh R, EPEAAERMER 2 AN TR Cef R
SSU FI RCA) K 3 A ML (HrikAH LR
PAL. PR1-1a fl HPL) {24 QRT-PCR ik [FXf 4
B A LA ERIGHE ) 10 pg & RNA W5 pl
cDNA ZH—4E, AR50 ATk I R R w51 2 i
AU (BioRad) 7F BioRad [#] iCycle % & PCR
ACHEAT S 52 B PCR. PCR N B4k 94°C AR 3
min, #RJ5 94°C 155, 56°C 30 s, 72°C 30 min, 40 />
RN G VR 2 (94°C~56°C, 0.5°C-s™) DL E R

F1OW X EM /SRR R RS HAEN

IR S . BN 0T 3 RS . JEH] actin L N &
W, 508 22C0 (Livak) JRUPIHSH AR IS R A G 26
R, A IR N R IA AP AR, DUSE S A
FAT L R 5EPE. QRT-PCR F1#1Un R actin _Ljif
51 E%1 5-TGGACTCTGGTGATGGTGTTA-3', Nl
51741 5'-CAATGAGGGATGGCTGGAAAA-3"; SSU
B 5'-ATGGGTTCCCTGCGTTGA-3', it
5174 5'-CCTGAGATGAGTCGGTGC-3'; RCA -
Wes 1571 5-GCTGACAACCCAACCAA-3', FiEs|
YIF%1 5-CATCCGACCATCACGAA-3'; PAL 5|
WY 5'-ACGGTTTGCCTTCTAAT-3', FifslI4+F
% 5-CATCCTGGTTGTGTTGC-3"; PR1-la L7514
4 5-AACTCTGGCGGACCTTAC-3', Fifs|¥F
%1 5'-GACTTCCTCCACACTACT-3'; HPL L3¢5 195
%] 5'-CTCCTTTCTCGCTTCTCACC-3', R4 5'-
TCAAACGACACGGCATCACT-3'.

2 HRSN

2.1 CW REMNERSRIEZIEIAAZELASEHD
A
LERERE CMV J5 12 d 3 50 5 3 IR RRAZ A
JCORE R R AR DS SRR e FI I 2 298 e S 4 (R
1) o SRR CMV RS, fEREZ Pn F1 Gs
WK, Mulm co, Hzm LT, {8 Fv/Fm #H1% A7 1

Table 1 Effects of CMV infection on gas exchange characteristics and chlorophyll fluorescence parameters in cucumber leaves

posi! WGt id 2 Pn ALTEE Gs fule] CO, WPE  REBFOGRE Dbk PSIDGAHITAL PS I K6tk
Treatment (umolCO;m?+s)  (molH,0'm?s™) Ci(umol'mol™) 2% Fv’/Fm’ R qP J# T2 Dpsu 22 Fyv/Fm
CK 17.07%£0.21a 0.2740.08a 231.33+543a 0.84+0.04a 0.61+0.03a 0.37£0.02a 0.84+0.04a
CMV 5.02%0.37b 0.1440.09b 261.33+5.23b 0.50+0.04b 0.45+0.05b 0.20+0.08b 0.85+0.02a

HUHJG A F-RERIREE Tukey V2 FRLRTE 0.05 /K L2257 2%

Values followed by different letters are significantly different according to Tukey test at 5% level

B F, CMV ZEEFET qP M Fv/Fm’ (1)
N, MR TIE T Opsu IR B
2.2 CMV {2xF 3 JINH K GPOD #1 PAL ;& 14 AY 8205
CMV {2 JEAEFE 1) GPOD L PAL 35 M i 2 45 i
D o SxtEMHLLE, CMV 2 AR JAER T GPOD,
PAL VGRS AN T 66.7% 50.2%.
2.3 HEKcDNA SR RRZLERST
PRI CMV ALFFIXT HOREA S RNA, 2% B oé
HIREF AT B A8 o SR FEIII T 5 3t v A4 AL
A 11274, (HiEH87.9%. Hihwikg R

FIEMEER 67 A, FIHRIENA 424, LIREN
250 JPHIor TR, 25 TR0k 22 5 O A
RS 27 4, B8 A, T 194, £ 2%
O EIRA NI, R 2 WA, CMV
ZYJa, FINEYAREHEE P VF 2 B SEN R A R A
BRI (1) 10 ANSOREVERAROC IR A 1) &
IRZ R TG, 4 AR (SR E ab 4G EN
[ 00, JERGEPsbP . YA IEHE [ NAPDIE
JEE) SRR NARSE, 6 AN (G 5 4 Calvin
I SRR 1538 i C O, A3 2K 110 26 e Tt e 12 T A D
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Table 2 Genes showing significant differential expression in cucumber after CMV infection

Thig 12 Category FLIAVA: B¢ Annotation LLAE Average ratio
Yot A A EE A 4¢3 a/b 458 AT Chlorophyll a/b binding protein type 111 0.141
Photosynthesis J R4 11 PsbP 21 PsbP 0.128
AR 4 NAPD' IR J5iffi Ferredoxin NADP' reductase 0.284
Rubisco i LA RCA 0.292
Tk I i Carbonic anhydrase isoform 2 0.289
# R Transketolase 0.021
REEMIRE 1,7- —BEM2HF Sedoheptulose-1,7-bisphosphatase precursor 0.192
4% 2% a/b 454781 1 Chlorophyll a/b-binding protein type I 0.419
Rubisco /MEHE SSU 0.235
T H i 2 3% Phosphoglycerate kinase 0.108
2R FE A A DCHE A JiR -4k Z e 48 AL I JR i NADPH-protochlorophyllide oxidoreductase 0.007
Chlorophyll synthesise MG HEE- t(RNA I8 )5 Glutamyl-tRNA reductase 0.232
KA S AR AR DG JUURE - FLBE 25 B Galactinol synthase 0.168
Carbohydrate metabolism TR R AR E R I S0 Glyoxysomal malate dehydrogenase 0.083
HE—F Bl B Raffinose synthase 0.165
VRO 3-WE I H i I SUF Glyceraldehyde-3-phosphate dehydrogenase 0.296
TR AR Phosphofructokinase 2.081
o HAMRGAHREER THMRIA J5U W Nitrate reductase 0.232
Nitrogen, protein metabolism B RN 2 Glutamate decarboxylase 0.206
M 2 Aminotransferase 2 0.107
258 WERHE A 258 ribosomal RNA 2.682
KA R E il Aspartic proteinase 3.477
TISEEAH R AL A ALY Peroxidase 2.054
Stress RN Z W2 fi# 2 #§ Phenylalanine ammonia lyase 1 (PAL1) 2.304
PR 11 1-1a Pathogenesis-related protein 1-1a 2.183
HeZlid E AL Y24 I Fatty acid hydroperoxide lyase 6.102
AL .3 P450 90 C1 Cytochrome P450 90 C1 (CYP90 C1) 5.945
060 024 LI RNAIR . (2) 3 ANEUR A OB A R I i 1
2o SR (NR)  BERMRN . 2 2 RIS B0 .
EE | g8 (3) 2 e R A BT A R AH DG HE D 45 i 1k
SEos| I 2 onl RNA JE U S5 5 S LA S 0 2 2 T
fp'é“ f-;, (4) — S8R AL SRR DG B O JE R T Rk,
gEos 2500 SRR 3R T I o A SR I
" o - UL FUR & 5, T o R, (5) 5k
CK CMV CK CMV

Bl 2 /by 3 RE S ¥V 1%L Data are the mean of at least three replicates
with standard errors shown by vertical bars

1 CMV {2434 GPOD 5 PAL SEMERIENE
Fig. 1 Effects of cucumis mosaic virus infection on activities

of GPOD and PAL in cucumber leaves

i, CMV {2 Je A fifi—LeSE PRI R AE W R 1) B, )

REIIIA AT BEIR AL . 1 4Ll (POD)

KNAMRAEN (PAL) . PRI-la. 258 KBiAE A .

KA R E N 1% P450 90 C1 (CYP90 C1)

e Wi IR ¥ A iR 28 (HPL) o

2.4 FEJK cDNA B 2233 45 RIGIE
hTIAE S R, EE AR 3 A R



11 1] BHEE: CMV R YA N BT ) AERE R RIE KA i B T 3695

K (PAL, PR1-1a, HPL) . 2 M FiAER (SSU, KAEE = PCR Hth B, AT NIRRT ¢
RCA) #4752 & PCR #&ill. 455 K QRT-PCR = PCR PRl (B 2) o XIS R s S e nl 48
Mg W5 R g B A 80, RS A B3t A,

15 CJCK 157 8 5r 3T
_ : . : PAL E PRI-Ia
3 CCMY gg RCA HPL
2 SSU f
=2 4F
- = 6 F
2 10F 1.0 2t
L] 3k
< & a4t '
® B 2
ZZo0s5f 0.5t il
= = 2
= 1t
(=
0.0 0.0 0 0 ‘ 0
A B A B A B A B A B

A, ER A PRI CK A1 CMV e R IE R A #6585 B. QRT-PCR HAG il H ) CK AT CMV iRty Ji [T R e 258
A. Showing the relative expression level of gene in microarray for control and CMV stress; B. Showing the relative expression level of gene in RT-PCR for
control and CMV stress

2 cDNA it K #A QRT-PCR #4045 R Lh 4%
Fig. 2 Comparison of microarry and QRT- PCR results

3 it SeB WU AR RS, Setile g 5k m,
B qP F1 Fv’/Fm’ ¥ R %, CMV 30T Opgy B N
KRR, MR ESLIEMYEA e BB (R2) , EHEEHT 6 MERERNY
WA R, OSSN TMV. CMV  HISEER (46 5 A Calvin f§FR K SCEEEE AN L i85
W, RSN R CP LR TSR ISR B AR, CO, i KM AR R ITE) MRIAERAE T 4 A
MITEI TR RGE T (PSTD MR, SETE SRV NAIIER (435 ab 4iEEA 1. 10
G RB B J5T, AAEARGN D2 Y WRERPVY)  JERZ N PsbP H [, BEAKEEA-NAPD L5
RPA R TAEEN IR Z AR, R T ARG BOCHE N (R IKHE- (RNA 385G, st
55 CO, A Rk Wpi AR O 1) — Lol 2 21 7 4, SRBEAMNIC R MFRIAWZ R 76, o2t
I RERIE BOEATER PR R Z R NS> RN K ab &4 EA 1. M1, ABLHE- (RNA IR, it
s 580, AWFRE R BE MV BYYF 3N GEREEEEIER S R OO LHa %, MR
REERCEE PR BSR4 52982 SillPsbP H [, PREEEI-NAPD I JR 5 il 1%
ok, CMV R4 EREE Pn F1 Gs B A0, DIEHEN CMV 2 4257 5 1R RIS B W OB
fit, Ci#lxi bFF (R 1), HFv/Fm HEEWEN  JERERE AT G SRS Z0R R 2R
Ak, XYHE CMV 3R, 3R B RS ERT A, AIMAE—EFEJE Bl CMV 2 Jemipk =it 1%
IR, FEAREAILFE FREMAE CO, N BT 3L, 556 H T A A D 119 1K 6 L DRI 5 SR /KT 1R U )
i T IEA L ZEBAAG T CO, A, BRIl wIRE R A 0% R IR — RGN Y, AT R 4
Mgt co, AN, JEAM T AL BE CMV B,
AbEE, HLFv/Fm A3 RRFAE 0.85 47, XU CMV 4k PR-1. POD. PAL il ##0h SHdu A4
HIREA 2D, W CMV BEE AR EUIMKR, JEH PR-1 7742 RGP bR
T PSH A SECAER FIR. Kt eMv 2 &M, FIaf N R —80, EHI A s 4 R W
G prs A ER FREEZ S TR RVE  CMV il R PR-1a, PAL, POD B i [A] A
RN R . B VF2T R, M SCRs PElE R GPOD Al PAL JEVEM] & & A, A
[FAL I 405 ATP il NADPH 25 (1) 3K, JEHEIZE SN PR-1a. PAL. POD fE#E3% /K1 L1
DAR/D W AR d%e, RI“ORUE 7 AL, XS AT RIE CMV R E AR .
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HAAE RIS, fENERZ AR, 5N
CMV JHipie i T /> 46 Jfd 2 25 P450 & Pl——HPL Al
CYP90 C1#&ik kA T IR . HPL J& T-CYP74
B MGG, AR S0 S A ) 2R At A et e s R
FAIRSE Oxylipin, =)/ HA MR = D) he
DABGAAN e L0 RS gy, i B — RS
B 48 L DR = 2B 1 £ 5 4 20 S A i T 3R
CYP90 C Z Lz £ AlE (BRs) IR, 1fi BR
X TR A R LA R T S LA i ek . DR, HE
XA PASO JEIN) BIERIE, REPERR
B RS AU A ) S LLHRET CMV A —
P ERA .

BRUL BRI IR RIAL, A A D X —2
5 CMV FHEP HAETCHVICR . 807 o7 dkiE
B AR R P2 CMV B SR EERN, X
RIFATAE — LA T R EAELE CMV FIRY I
VEA F B IR DR, RUAE M DATE i B 1] Py PR B X 1
FERFERY) CMV e T ) S BEFIAR B2 AR, 4R
X FE— A5 CMV FIREY) EAENLEAL T 5
AEEMIBT T R

4 ZEig

CMV Z4Lpia sk T s AR & 4B — R VI 2%
(3 N PEAEAL, CMV AR e A s A T B IR
thigfz, [FEF CMV 12444815 5 7 PR-1a,PAL,POD,
HPL A1 CYP90 C “5Fj AL DA (1) 35 , HEINX L6 5k PR 71
MG R R A AR
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