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Preliminary Study on Resistance-related Genes in Cucumber Inoculated
with Pseudoperonospora cubensis

LI Jian-wu’, SI Sheng-wei, HU Jian-bin, and LIU Li-jun
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Abstract: In order to identify the genes associated with cucumber (Cucumis sativus L.) resistance
against Pseudoperonospora cubensis (Berk. and Curk.) Rostov., two cDNA libraries were constructed by
suppression subtractive hybridization (SSH) . After differential screening by reverse northern dot blot
hybridization, sequencing and BLAST, 2115 (GD254229) , 3C19 (GD254243) and 1008 (GD254207)
differential expressed genes with unknown function were isolated, furthermore, expression patterns of the
genes were monitored by real-time quantitative RT-PCR. The results indicated that these genes were
differentially up-regulated earlier and more quantitative in the resistant inbred line than the susceptible

inbred line. Moreover, 1008 and 2115 could be differentially up- or down- regulated, respectively, by
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salicylic acid(SA), jasmonic acid(JA Jand abscissic acid( ABA), and 3C19 could be induced or suppressed
significantly by ABA and SA, respectively. Mechanical wounding, NaCl stresses, cold and heat shock
could induce or suppress these genes differential expression, suggesting that these genes may have some
functions involved in biotic and abiotic stresses.

Key words: cucumber; downy mildew; suppression subtractive hybridization; resistance-related genes

MY 5 R B HAE R — AN R R, MR R 2 Mrhum HL IR A R B R g . X — %
HAE RS SAED) SR R AR B0 (5 AT, MR R A RAME S Rl R, & E
SR EAZ X . EE . FEPiaihFAE, BT EARMBIEPLEH (Kunkel & Brooks, 2002).
WAR, PP EALET EARZ NS (Lietal., 2007).

7 106 FHA S = ZEPTI AR DG IE R SR B B3 A ) AT 2 ARG 7, HET A 2R i
R I 25 AR IR, MM 2294448 (suppression subtractive hybridization, SSH) #i\ k&
ROV 77k — (Diatchenko etal., 1996). KEMITKIL, O ZFIGERERZS S THYHT
WSO, WA 5 ST R WA IR RO A . B AR fE
AR s . 45 G DRt A LA ACR AN D RESE M 55 (Klessig et al., 2000; Degenhardt et al., 2005;
Kottapalli et al., 2007; Halim et al., 2009; Pandey & Somssich, 2009). :H AN HESE A 1) A& HE X
FHUR AL R B BT AL R RN G0 SO 5T A R

VA0 T 01 22 980 A8 977 12 2 TICRR B L MEAR DGR IR I, I T 3 M ERKIE . KA ResE
Rl o AT IR 2GS N 8 & RT-PCR, 73 i S8 JE DR AR AN [RIFT A4 RE DL A TR AR 4 i (1) 22
FERIE, RIXLEILP DRk — RS AL B

1 ARSI

1.1 HEYH ARG R E K E

16 FH H T R AR Y K 27 el 252 Bt s T /N2 O R FF 28 22 IR IR S0 (1 s it (ILS7) il ey Jek
(IL112) FEAIE RN AAC R R FERE R AT HT 2 AN H, FIREEO% B A8 & IL112, 53 1
W AR5 S B S Al i, TR P 2 A [ R B Tt b AR R R IS AT R 0 0
[P

BB e — OB RAN T, B KRR R (72 1 x 10° - mL™) W55 () T4
— TR, DA A B . SRR SRR A T R R, BT 20~22°C
100%25 S AR 41 o 24 h SBRGALFE S, 6 E I 16 h - d' (500 pmol - m™ - s™), 43
BITFHRG 0y 4y 124 24, 32, 48, 56 F1 72 h WAEM L, BEANACEL S K, 3 IRER . WA
{R-A7T - 80 CIRVAUKA

KB (SA) 2mmol - L' ZE#ifE (JA) 50 pmol - L™ FIi 7%/ (ABAD 50 pmol - L™ VAW
3 M I Ol P R, AT [RIR B (1) SR 0T R, ARBES 04 4. 8. 12 Fil 24 h HUFE, HR4b
10 BE, 3 REE; 2HILL 0.5%. 1.0%. 1.5%. 2.0%-. 5.0%KJE ¥ NaCl %5 imeiGm Frig i, LA
B K R, AbEE 12 h JFEORE, RRALEER 10 Bk, 3 WKER; fEREA T 3 AL (PR R A RE
) VE R AL, ARATHLAR I, JBCESE IR, 435075 0 4. 8. 12 Fl 24 h JoHUF:, RRALHE
10 #%, 3 REH . LL42 CHIER 4 CIRI AL 1T, SEACEEX I, 4F)5 0. 4. 6. 8 Fl24h
HOFE, HRALEE 10 ¥k, 3 IRES . MRS G AR, 178 - 80 CLRAF&H .
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1.2 ERICERMEETFIE
Iy ICEE TLST7 M5 R EAITE K 24, 48 A1 56 h JEIM A, SR 6 RIRITEIEEL RNA
(Chomczynski & Sacchi, 1987), 7+ HIFE /M RAT 3 AN BAE R RNA . 21 Oligotex™ mRNA Midi
Kit(12) (QIAGEN) ¥t B 157> 15 2 mRNA, F53 0 ) 5% il cDNA o AR A 124 56 77 (Tester)
TG KALEE A IR B 77 (Driver) L (CURMEEIE 7] Z20OCPE ) 3[R, DAIG K ALBE A P56 77 (Tester),
el ab ol 3K 75 (Driver) ARk CAREE R 1) 220830 « 148 Clontech PCR-Select™™ cDNA
Subtractive Kit (Clontech) 43 AT PFEHNEI Z I AAT . IR PCR EFEPEY B )5, fiH T4 DNA &
P % B2 BlueScript M13 (+) SK (Sma I il Not T XU#)) FEEY] (Not 1D £li4k )55 2 ¥k PCR 71
P, AL KA R DHSa B2 AN CRER AW . S0 ABEPE, K5 06T 10w Ve 3538 T
384 fLHH, 37 Cilsd, IIAHMEBEE L, - 80 CHATE, 15 Sl 2= e PER i ve il Al
H % 17] Northern A%A2 i 1% 72 5 38 F B o

1.3 FIIRIRMRE

ZERRIEFEBH T7 515wy (EEREREEA ], Blastn (EST /&) Fl Blastx #6522 [ 44
S58:SkFH), ik zE R R BS EST R B E IR 7 A RIJEME . M4E Yamamoto F1 Sasaki
(1997) A€ EST ThaeIbrat, e BN ReR 728,

1.4 SI¥ZIH AR EE RT-PCR
K OLIGO 6.0 #4F, ##% 2115, 3C19 F1 1008 (1) ESTs J¥ 41 %15 4 . AR H5 18S ribosomal cDNA
(gi[7595414) wit514), I PCR ¥ =M h Whs. 510N WK 1.
PN 7 RT-PCR K SYBR GREEN PCR MasterMix (TOYOBO) iR, 7t eppendorf
realplex4 mastercycler epgradient S #4T. BN AR SYBR GREEN PCR MasterMix
(TOYOBO) 7.5 nL, ## 10 ng, &AN514 0.3 pmol - L', £4A#1% 15 uL SYBR GREEN PCR
MasterMix .
95 °C 1.5 min; 95 CAME 30s, BAKWES A 57, 58 F1 60 C 30s, 72 CLEM 30s, 1
30 f3h; 72 CHEM 10 min. #EM 65 CFHE 95 C, 0.2 ‘CHe&E 1s el FEAH 3 AW
SHE, AN 3 REARES.
FEREAS 96 L PCR MU B BERAJE, B/ hnifE M2 . realplex software AbBEE T,  FHXT br otk i 2k
FAFBIIER AN Kk, Sigmaplot /1K
KT WIS, SEAARIE (Yang et al,, 2002; FUkAk, 2005), HERFD SRR Ct {2
Etol Ratio, FE[H (¥ Ratio > 2.2 3% FiKIA, Ratio <0.45 HE#E FHEIEA.

F 1 KRMIHEE ESTs MAIREISIHFET]
Table 1 Sequences of primer pair in the negative control and ESTs associated with unknown function with
their annealing temperature and length of PCR products

EST 45 Gy Em5) . &WFJM}%. BRI/ B S/

EST ID GenBank Forward primer Reverse primer C bp
accession No. (5'to 3") (5'to 3") T Product size

2115 GD254229 AGAACTTGAAACAGTCGGTGGT GAACTTGCCTTGTCCCTC 57 147

3C19 GD254243 TAATCCTCTTTCGGTATGTT GTAGTGATGAATGTCGGTAA 58 136

1008 GD254207 CGTAAGTCGGTTTATCAGG GAGAAGGCGTGAAGAAGC 58 149

18S 2i[7595414 GTTGCTTAAGGACTCCGCCA AGGGGTACCTCCGCATAGCTAG 60 200
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21 KREDheeEREBHE

FIF [ 7} Northern 7438, 1F 2 A~ SSH 3CPEH i e 72 5 ik A Bt o 4833 A1 Blastn 45 % J5 &I,
5 Rk B 2115 (GD254229) . 3C19 (GD254243) F11008 (GD254207) VUL HI sk K %02
AEMIEE A, RN LL X 45 3 L3R 2.

% 2 KEINEE ESTs

Table 2 Identified ESTs involved in unknown function
oy B T T e NS 1B N2

EST %i'5 E-{i
kel GenBank bp Putative predicated Source of matching B &
EST ID . . . E-value
accession No.  Length function of genes sequence Accession No.
2115 GD254229 175 Unknown protein (AT4G18570) Arabidopsis thaliana NM_117970.3  1.00E-26
3C19 GD254243 359 Unknown protein Arabidopsis thaliana NP_196670.1  4.00E-16
1008 GD254207 233 Unknown protein Arabidopsis thaliana NP 565723.1 3.00E-14

2.2 RETHEEEEEHFIIRSS B R R RIRIE D

N T BAER N DI RERE KR 15 2 5 5 R SR UM SN, SRHTSIEIN 985 % B RT-PCR WF5T 13X 48
B REANRIGUR R B A R PO R RIS . 258 (B 1) R, 7EHRFEEM 5 4 h, 2115 7
Ui HAC AR ILST PR R IARIE ] 5, Shpm LiERIL, SRS F BT, 2 48 h iZ5ED]
FIARXTRIE AU 0.23, 2455 NRRIE, FFE, ERYRHAR L2 55 48 h, i%5E D AT
RIEEA 041, FREEE FFRE, MAAERMNEBL 2115 FAH RIE RN T 0.56 ~ 2.1 211,
IS IR B R R

[ MROS
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o
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2
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1 RATHREFRERRE (R) fMBFE (S AXRTHEBFREBSRIAE
Fig. 1 Expression profiling of the genes with unknown function in resistant (R) and susceptible (S) inbred lines
inoculated by Pseudoperonospora cubensi
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3C19 7Ehuii HAT & ILS7 HeFh 2. 4 h o F AR v LRRIA, BS RIS F RN B kil s
72 h; BRI, FEEYE HACR IL12 #5604 h )5, A IAEN RIER R 0.15, BHR IR, B
48 h I}, AHXIFRIAE N 2.8, B HFRIE, HLEREBMEREFELENT 0.55~2.1 Z [,

1008 7EHUil H A F& ILS7 #efh)a 2 ~ 72 h 245 ERZRIA, 8O0 B A R AR 2 h o n] i Sz 5L
R BRIA, 24 h S HAER MRS (B D,

B, YU AR ILST MR a0 5, YW IX 3 ANPUi A OGS0 D fie 5k R L3 e = B R
IRIE.

23 RHMEERMESSTFHRE

I SEI 58 € 7 RT-PCR, BilE 715 5 0 T XS 1T, 4R 0LE 2. £JA BT 8 h
o, 2115 SR NI, AP 12 h I, SA. JA Ml ABA Hynfif %N B N EL. 3C19 18
SAiFES 8 F24h, REE NHEL, ABA AP 24 h, 55 3C19 F557 Lif#Ek. 1008 £ SA. JA A
ABA WbEE 12 h, 0] P LR R BRI

B sA F1JA NABA [ Wounding
57 ous

f=1

S =N W = W
I—

mRNAF X FIEE mRNArelative level

S = N W R W
T T T T T

0 4 8 12 24
kb FEBF A]/h Hours post treatment

B2 RADEEERRRKFEXZR ILS7 ZXHIR JA). BEEE (ABA). KiFEE (SA)
fnigE (Wounding) EFEIFESFRIEL
Fig. 2 Expression profiling of the genes with unknown function induced by salicylic acid (SA), jasmonic acid (JA),
abscissic acid (ABA), and wounding stresses in the resistant inbred line 1L57

24 RETHEEEE ML MBI Z

HE AR AV X SR 5 SRR W 2. 1 3 FIF 4. HUBRAG 3 Ab B w] I 2 M 2115 (8
F112h). 3C19 (8 A1 24h) F11008 (4. 8 fil 12h) (KL (K 2) ; AELMHEEME T 2115,
3C19 M11008 ff1#éik (& 3); AL ZEHH) T 2115 A1 3C19 [)3RE, Fiwifs T 1008 1) Fif#
ik (B 3); e e 32X 3 AN RS RN R LIRS (B 4.
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Fig. 3 Expression profiling of the genes with unknown function induced by cold (4 ‘C) and heat (42 ‘C) shock
in the resistant inbred line IL57
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Fig. 4 Expression profiling of the genes with unknown function induced by NaCl tress
in the resistant inbred line IL57

3 e

31 RHATNEERTIESS T HNBEEFRFERE

AW SR AN ZE 0k A A TRIE R T 3 ANPURA SR MR EE R, O TRAF XS 2B S5 T
RAR B PUR RV, ST TIX B RE R M PT. R AL R T RBEE A 4R ER, X3 M
DRIAEAS ] PR A v (] i B PR IR e ), AR AL R R IR 2 AE B B AT SR
W SRR RIS, AR AR, BUR 1008 F1 3C19 43l 2. 48 h R ] 4 L
Kik, HHRIEFELRAC, 10HIX 3 ADNFERRIE S DA S22 T B EH (8 2. K&
SCHRHRGE,  FHI 22 e AT 2 I 1 R e R IKFE R A 27 (Yang etal., 1999; Schenk etal., 2000;
Gao etal., 2008; Salmonaetal., 2008), &iHHrFRIAFLRNIEL. M B R ER 00T, Bk
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Ty 1 FGGAE BT AH CIELE (Tian etal., 2003; Degenhardt et al., 2005; Kottapalli et al., 2007).
RANWTFOL IR, AEA RGP R, 28 5 R B B I i ts = s o PR — 2R &R,
FEASRE AWM. AR T, XA DReEn, REARHAEAHKER. B
FHOARUH I OB AR BRI S A1 MO 3 B 156 CEDKAR, 2005), K22 50715 8 (/R0 S 3 - HA R
nz 54 (Zeidler et al., 2004; van den Burg etal., 2008; Pandey & Somssich, 2009), i, %
T BTt A 5 2 1 AR B PRI BT ARk o 1) 0 32 5 B v T B AR P 1) 363 (Degenhardt et al., 2005) .
AR H I G = X L PRy e 2 5 6 TR S P00 SOV I LRSS, (HIHAE i el b RN, B3
E LR R RN, XN eSS T TR SR 0ROV . IXLEIE DR R et 2 51K
FREIRHUR RN 2 AW DR T e DIl . B2, ARAENDIREHE KA PUR SN D fig
RN AR U EE I R B T P00 43§ L 10 56 35 BAT B 3

3.2 RHTIEEERE A EP K SA 1 IAET M SHIIRIERE

MY Z 25 R R 5, MR SRR TR, 75U RN — RSG5 0T
Z 5300, CHFFIE, SA M JA/ET ZHYIB TR NAG 544 FEMEZEE 50T (Klessig et al.,
2000; Eulgem etal., 2004; Steffens & Sauter, 2009). AHFT &I, 2115 A H; SA Al JA & Z 0%
ik (B2, BoRHnaew KhuowE 50 T35SI . 7R REIRY 2 ~72h, 1008 #7455
FREERE (- D, mH, s, SN SA FIJA AER][E N R 5 S 1008 LiERE (K 2),
IR BT AT R REIIIBUI S Y 75 2245 5701 SA L JA P [AEF” (Halim et al., 2009)
HEM, e BB R wo s gy FE T, 1008 W] REfEA SA Fl JA 15 5 4& 550 B L A 4 H A4 elode 4
2% (connector) 1MZ 5P Y.

3.3 AEEEhE

KEWFFRY, DT TR 5 30 [ N2 [AAFAEAS AR R, TEARPI 998 I B 25 ) R
G2 E . T8, AP AFE mE UL AEAE Y I FE K] (Seki et al., 2002; Dombrowski,
2003; Yuanetal., 2005). fEIEHIEOLR, aIERE" CREFUTBRIRAS, (8 52 21 i i R R
% 5t Y (Shinozake & Yamaguchi-shinozakik, 2000), R AEES WHa R 192k 300
RIS T N RN AR A= D e R AR — () —THT o ABFFOR I, ML A5 RIOR = 3h 55 e
Al E S S 2115, 3C19 F1 1008 Rkl (K 2, 183 MK 4) o BiRGEREN], XLkt
W25 T ZMARWpa N, BT a R RE ARV 2 AR R L] b, 1Xat
RANThfEHE W] GEHAT 2 5 AW REEE Y E SN R .
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