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Differential Expression Analysis of Related Resistant Genes
to Cladosporium cucumerinum in Cucumber
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Abstract: A forward-and reverse-suppression subtractive hybridization libraries were constructed based on a
cucumber accession HX1 which showed highly resistant to Cladosporium cucumerinum. The seedling leaves inocula-
ted with Cladosporium cucumerinum on 2 h 8 h 20 h 32 h and 72 h were used as Tester,and that from untreated
leave as Driver. Totally 200 SSH ¢DNA fragments were selected with Nested primer PCR. Through the DNA sequen-
cing and repeated and redundant sequences removing, 105 ESTs including 50 singletons and 55 contigs were ob-
tained. Protein homology search in non-redundant (Nr) protein database revealed that 17 ESTs didn’t have homolo-
gous gene,88 ESTs were highly homologous with known protein, accounting for 83. 8% of all EST sequences, of
which only 2 ESTs were unknown function protein. The positive rate of these ESTs was 75.0% detected by DIG
Nonradioactive Nucleic Acid Labeling and Detection System. The function of these ESTs involved in energy and bas-
ic metabolism, signal transduction, protein and nucleic acid metabolism, photosynthesis, and genes specifically in-
duced under certain stress, etc. This study could provide a basis for further study of the cucumber genes resistance to
Cladosporium cucumerinum.
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WORE KB, HAT, A 55 IO 2 5 1Pk K
ZAETPE A GG A AR DL R AT bR D A
LRI A S5 TR 9, %of o I 28 05 AR A 43 1
BLEE T gL /0 | B e A 21K P 1 36 8 I 2 2
P AR R R PR ) 22 S e SR AT AR O, XHE 7 9
JNS BRI HAEDLHIA RS, 7R FAric &
LRI A FORFFZE 7 1T, Sk AR 260 1 ok 31 5 8 Bt
PR SLESAY AFLP Fric E20M64 , #5554 4. 83
M ; T BT AR 1 e 3] 5 0 TN L S e A O 3 [
B SSR FRiC CSWCTTO2D, JEES M 3.1 M,
2009 AERFFE N 5Dl LA 1) B AR 22 1 T 8K
SRR AR R T 2R A &K
SSR #Ric,S. P. Zhang % F4 # T H# TR AR R N 1Y
AL E AR HR TR BN PUR L Cou RENIAE
HRNM AR 2 AR Y ik I, 5 Wi bR i SSR03084 il
SSR17631 HUFFES 43514 0.7 <M Fl 1.6 M, X LB
FEEE SR A IE— L AU R R B T3

F0 3 M 1 ek 24 38 ( SSH, suppression subtractive
hybridization ) f2 3T 4 & J& L R 1) — Fh 25 D 42 258
AR SR v B 5 [H] 25 5 3R 38 cDNA 1A %07
P T ELA B U R AT Pl | Ak (R BE
RAL .mRNA RE R, P o s E£RE S,
FHEHXF—ER RAA, HATZE AR C T2 M H
FAEY S, N E LR R ) TR T 48
AP TEAN RSB e R 28 R Y
W AR T 2N, 2R R, SSH #E AR
ME AT LR RIRENWEE ik, B2
I 10 A LA o) 25 i 2 52 R 1 5 B 28 L
TR 2 SRR I ST HRE

A 5T LA P 2R B 10 55 T R HXT Rk,
Ao A PR DA 5 U B 1 cDNA-SSH
SCRE G B RGBT A SE LR Y EST A BEIRE
FFINREAHT , LASI N R0k K S 1 i i ST X B B 4
PERZFHLH

1 MRS

1.1 RgE#

PP B EN T R HX1 (DI =5.0% ) R fit
A RE, HXT J& —A~LLE S i R 373785 b 50 R
R AL Ty S 8970 KB AR Kl B2 28R B =
AR RN EPUR RN, PUR BN A2 A
K, SRS I R b RO B BE B SR A8 5
P B R At b T 2008 4F 11 H JEHEFIAE
RO R A B AT ST T HOGIR =, RR 4

K2 10 1O R RS 2 iR A e R
BT N IR K ZE N AFIE R 20 °C, 43
THEM)E 2 h 8 h 20 h 32 h F172 h IHEBUEE LT
Fost Bt B il 8 T A T IR R AE - 80 C
#HwH

1.2 RWAHZE

1.2.1 & RNA BiRENE mRNA 58 74l
F2 TR KOk BB EAS [] Bsf 8] 5 A9 it 1, FH Trizol 1205
(Invitrogen 2% H)) #EBUE RNA , 2R 5 43 518 322 w1 Ak
TR, %of IR 4% 1] 8] A5 B 6 RNA 258014, R Pro-
mega v A ) PloyATtract mRNA Isolation System IV /7
AT mRNA 1953 254640, FH 1% (9308 B B i i
PRI

1.2.2 HPFIEBZ3Z (SSH) KM Clontech PCR-
Select TM ¢DNA Subtraction Kit i & 44 8 SSH 3¢
JFE, IR AL HX1 A9 cDNA A5 7 ( Tester) ,
Xf BRAL PR HX1 9 ¢cDNA %) B8 75 ( Driver) , #£471E
] RS [ BRI D8 2552

1.2.3 JHB cDNA XEMERZERFIZ ¥ SSH
2 W PCR =¥ 4lifb )5, >k FHl Promega 2\ F] 1)
pGEM ®-T Easy 1A 2 481 & iE 17 77 Wy 1) 3% 2
by EEEHE RN LB B AT B v
i, PR B R YR AR AR T R R RS R A
37 CHRFH W 5 3%, H Nest PCR Primer 1 (5'-TC-
GAGCGGCCGCCCGGGCAGGT-3") Fl 2R (5'-AGCGT-
GGTCGCGGCCGAGGT-3") #4T PCR 4714, 2% 1) 3
FWREE R FEL VK AT

1.2.4 ERFTZEEMNFEFISH  FHiK PCR
U5 UE 5 R4 Y B T % 2 rp RO B BV E R
2EWESE B Open Lab #4700 /5, H Phrap 3% 4 2 %%
T IEAT P 50 Pk 42, X3R5 19 EST i Be it 4T Gene
Ontology (GO) 432543 #r. PCR 7= W) A7 o I i %
22,40 LA IE T T D44 58 R ) T Ik A4 58 e, 22
SR E AR ET FH L R R bR Ie, 5 e PR AR 3L
FeAETT LA R SE E B G B M s A TR bR i 1 7R &
Gk Gt AT .

2 HERES

2.1 2 RNA 5 mRNA B94&i

XTI 56 5 RGBS RNA A mRNA i 47
1% SN 8 Jee i DRASIN (18 1) , 45 2R o | 78 288
HI18S Ab A £4 1 FREREM AT, A YREL, LA 42
Uy S RNA B RAFI 5888, 4lifk 5 19 mRNA
TE 28S 1 18S Ab 4577 W 0 55 , IR Ok, HAH 3
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BUER T FER, A CEEE TR I 25 R R R Ky
mRNA FIX I/ mRNA (1) R(0D260/280) {43514
1.983 F11.965, ¥ J& 7351120 0. 583 g/ L 1 0. 547
pg/ WL, FF A EEZEXT mRNA FEER

1388677 8 RNA ;2383677 mRNA
3 XTHEDT L mRNA ;4. %7 A RNA
1:The total RNA of Tester,2 ;Tester mRNA ,
3. Driver mRNA ,4 :The total RNA of Driver
B 1 /& RNA fl mRNA FZRAE HE 5 B FE k4 il
Fig.1 The agrose gel electrophoresis detection
of isolated total RNAand mRNA

2.2 ¢DNA BERKEEVIR S

PR mRNA FIX IR mRNA 4351 5 5
cDNA, Jf-H] RsalPigli] . BEYIRTIE R cDNA 7E 1% 3%
NEWEEERC UK EEA A, FRES SRR 2 FTLAE i
VIFHRIE )57 Fi %t B8 J7 cDNA 1Y - B AE 200 ~ 4500 bp
Z I8, MR G R B E 24 T TE 200 ~ 1500 bp ZJH],
VLRSI AT BT T — iR ZK

M:DNA maker Il ;1:Tester cDNA ;2. i) J5 Tester cDNA ;
3. Driver cDNA ;4 . Y] J5 Driver cDNA
M:DNA maker Il ,1 and 3 ;Double strand ¢cDNA of Tester and Driver,
2 and 4 : Double strand cDNA of Tester and Driver after Rsa | digestion
2 EBYIETIE cDNA HOIRAS HE B AL B ik A
Fig.2 The agrose gel electrophoresis detection of digestion

and non-digestion cDNA with Rsa I

2.3 SSH &R45H

Xt Tester A1 Driver #F 47 25 Ui 4% 38 1 5 ¥ 5
PCRY" ., %5 1 K PCR ¥4 25 NEIF, 55 2 K
PCR ¥4 12 MBI, ¥ 2 Ik PCR ¥ ¥4 /=¥ 1F
2. 0% B I AHEE I L Tk ARG, 25 SR LI 3, 485 2
WA IG5 550 I ST SR EBCIR A, i BER/N E
EHTE 200 ~ 1000 bp Z[H], H/NF AR IE WA 347~
Yy, e B AR T AR T A 3 7, BB D24 58
(SR, PT LASHEA T 2508 S I T

M:DNA makerlll ;1 ~4: 229824525 HI5 1 % PCR =4 ;
5 ~8: ZEIMARACIT A 2 % PCR 7951 .5 R2EWH
Tester ¢cDNA ;2 .6 : K ZZJH Y Driver ¢cDNA;

3.7 : U8 AY Tester cDNA ;4 8 ; 22V8 ) Driver cDNA
M:DNA makerlll ,1-4 :Products of first PCR,

5-8 : Products of second PCR,

1 and 5;Products of unsubtracted tester cDNA ,
2and 6 : Products of unsubtracted Driver cDNA,
3and 7 ; Products of subtracted tester cDNA
4and 8 : Products of subtracted Driver cDNA
3 EBHEZEFE PCR KGN
Fig.3 Analysis of subtracted products after

primary and secondary PCR

2.4 SSH cDNA XERHE

BEAIL Bk ECT ok S e R PR T B, D K5 1 4
HEAT 29 B W B e Pl PR A DN 225 SR an 1l 4 BT, 3k
A vake B B EEAE T 200 ~ 1000 bp BN, 4
AZEER M IE AR 1) SSHSCE 433 Bk 150
ZF1 50 &0 MO I H R F 200 bp 19 Br kit
200 /> BHH: TE R % 2 v O B2 BE AR R A B 5T
JIt Open Lab #EAT T, 2L3R45 198 4% i EST,
2.5 FAGH

XTI J5 4845 198 4% it it ESTs H] Phrap 4K
P28k PPz s , 3155 105 4 Unique ESTS,
Hrp 50 4~K singleton 55 1~ contigs, KfiX 2¢ EST
SARTUARE I 4T BLASTx X (£ 1), &5
W], 88 %Ak T & F 81 R 21 35 DAL A [l 5 A
o, 5 AT EST A1 83. 8% , Hih 86 4% ESTs 5k
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14 4%

A1 2 34 5 67 B 910101 121314151617

M:DNA maker II ;1 ~ 17 FEHLPRECEREAY PCR § 4% A Bt
M:DNA maker Il ;1-17 ; PCR products of some random clones
B4 ZERXEDESFEVBEEERS PCR &N
Fig.4 PCR identification of inserted fragments of
randomly selected clones in the SSH-cDNA library

P, 54 EST 8110 81.9% ,AVA 2 4% ESTs LIk
KA, TEHAM 17 4 ESTs F50H A 15 475967
AR VR B P A R B 5 Z AR DL BC R B 1 T, AT
RE A ARFN B S B, T3 2 S5 [R)TEA: b X
ZEBLE AT 1. 00E-10, Al {5 AN &, 161X 86
ANCHBER A AR T — S B RGE 1 S5 PR A 5
LA, it AL S8 ( Catalase ) ™ 4¥3E 5 1 (zine
finger ) ") | il 4 M2 M S0 B ( proline dehydrogen-
ase) "' | JULEEF FLE AT B8 ( galactinol synthase ) '
S AE—E R R T AL T IR S B R SR
SRR EE R 37, 5% ok H BIK, 25% >k A RS
I¥,9.7% K H#IK,9. 7% K H KRG E K, 13.9%

TUAER FVBUI P B R D RE RO B B A v B AR AL

K F AR

&1 SSH XER#ES EST B K BLASTx b4 R
Table 1 BLASTx result of some EST fragment in SSH cDNA library

S Clone No. K& (bp) Length [A] 5 e X 25 5 BLASTx result KR Source E {H E-value
singleton]2 174 similar to SET domain-containing protein Vitis vinifera 2.00E-10
* singleton14 215 nuclear acid binding protein Ricinus communis 1.00E-23
singletonT23 430 transcription factor, putative Ricinus communis 3.00E-07
singletonT157 294 protein binding protein, putative Ricinus communis 1.00E-22
singletonT159 249 Heterogeneous nuclear ribonucleoprotein 27C, putative Ricinus communis 1.00E-29
* singletonT172 331 nuclear acid binding protein, putative Ricinus communis 4.00E-39
* singletonT177 322 conserved hypothetical protein Ricinus communis 3.00E-39
* singletonT192 505 RNA polymerase 1I complex component SRB7 protein-like Oryza sativa Japonica Group 1.00E-30
* Contig8 415 40S ribosomal protein S7 , putative Ricinus communis 7.00E-31
* Contigd0 844 RNA polymerase sigma factor rpoD1 , putative Ricinus communis 1.00E-13
* Contigd4 617 global transcription factor group Populus trichocarpa 3.00E-48
Contig52 581 translocon-associated protein beta family protein-like Solanum tuberosum 1.00E-54
* Contig26 624 DEAD/DEAH box helicase , putative Arabidopsis thaliana 1.00E-74
* Contig39 609 508 ribosomal protein L1p,putative Ricinus communis 4.00E-43
* Contigd1 711 ribosomal protein 129 family protein Arabidopsis thaliana 1.00E-38
Contig50 515 RNA helicase Oryza sativa Japonica Group 2.00E-19
* D29 332 ribosomal protein S26 Pisum sativum 2.00E-11
* singletonT168 215 regulatory protein Arabidopsis thaliana 1.00E-12
* Contig2 225 BRASSINOSTEROID INSENSITIVE 1-associated receptor Ricinus communis 1.00E-23
kinase 1 precursor, putative
* Contigl 8 1616 copper amine oxidase-like protein Arabidopsis thaliana 2.00E-30
Contig20 1235 protein-tyrosine phosphatase mitochondrial 1 Zea mays 3.00E-60
Contig28 684 1QD13 (1Q-domain 13) ;calmodulin binding protein Arabidopsis thaliana 3.00E-31
* Contigd5 604 signal peptidase I, putative Ricinus communis 6.00E-10
“D7 669 tryptophan biosynthesis protein, trpc, putative Ricinus communis 4.00E-99
“DI1 257 serine/threonine protein kinase , putative Ricinus communis 4.00E-34
* singletond 253 casein kinase, putative Ricinus communis 1.00E-36
* singleton22 367 quinone reductase family protein Arabidopsis thaliana 4.00E-40
singletonT160 247 pentatricopeptide repeat-containing protein , putative Ricinus communis 5.00E-09
singletonT182 688 beta-carotene hydroxylase Coffea arabica 5.00E-75

2.6 ThEESTZE

TE Swissport £ IR ZE TP XTI 105 2% Unique
ESTs #47 Gene ontology (GO) 432431, &5 R LW | iX
2L Unique ESTs 43 5llJ& T4 73 ( cell component) 73
F 21 fiE ( molecular function ) F1 4= 4 15 # (' biological
process ) , HeH 5 A ZH /0 AH G ESTs gy 25 2%,

S 23.8% , 55 UIREAHOCHY ESTs 47 36 2%, 5 &
B 34.2% , 5P REAIDCI ESTs 1A 2 2%,

HE IR BT LA I AT 444 2
o, S AR AL S ARAE AR A DGR ESTs 23510 9
5.9 457 % T I HL A 3 IR 36% \36% \28%
FESTFOIRE S 2, oy F 48 5% (bingding ) B i AL T
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fit (catalytic activity ) H5CHY EST £ £, 70l K
22 759 4%, i HBil o 33 60% 1 25% , AN
S5 AbiE PE (antioxidant activity ) | 45 14 43 - 1%
( structural molecule activity) % S JH #1674 ( transla-
tion regulator activity) \%%1& 1 ¥ ( transporter activity)
SEAHSCH) EST, fEA Yt fe 26, 5 40 i i /2
(cellular process) I AL i F2 ( metabolic process ) #H
K EST &4 1 %%, g 2] I 728 RN
WYL J5 27 EEA L o> S AR R TR
(AR AL VF 22 B 98 e D RE R AL 2 BE 1 6 PR R 2
PR AN R AR AR B N s | T X
SERL PR KGR S hUIE B AH K

2.7 ZERIHE SSH cDNA X &

FIFHBE 2SS BRI 90 IE R 0 TR e 2T
P22 BRI, FF TR PCR 7)o B— 2R Y
96 I~ PCR F=¥ 55 i, 43 5l|L) Tester cDNA # Driver ¢D-
NA FRiC S ERE AT B 228 0 e . AT LA I [ R ik
PREFAE , ANRE S BT ISR ST A58, RIIE 1) 252 s A
SR TR AR A A Y SRR 25 S R I X
IAAE A i BEAR ] B 1) A58 5 5 0 T IE W5
IR RBAME sk . SEad 2 PRI ERET Y 2 IRE R 4t
5 AERANE S IR AE 96 > PCR P IBE S 445810
Sarp A 72 AR AR B R 75. 0%

Qo

PN
»

-
iE @ e e ¢
1: Ll Tester cDNA g%t ;2 . L Driver cDNA 1E R #R4
1:Tester cDNA used as probe,2 ; Driver cDNA used as probe
Es5 HaRxMtsR
Fig.5 Result of dot blotting

3 Wit

A5 A 25 8 3 ) 3 e T PR L Y ST PR AL
il A3 T SSH-cDNA SCPE , JEAR15 22 53 R K Y ES-
Ts 105 4>, Hr 17 %% ESTs A48 2[R JF T AL, 88 &
A8 5 47 R L 0 A PR A ] v A v A R
o, H D RE W SRR A B A SO AR B 5 Sk
PNUEESPNTIE R = 2 T

TER R 2208 S0 R T — RO A ik
AU AH OC By T R ZE 11, 0. Rubisco 1 1k i
( Contig6) EEHE-1,5 —BER R LB/ N & B ( Con-
tigd ) BRFRIT B ( singletonT167 ) 5, Rubisco &%)

A RRACHT 1 B, 2 516 E AR TR
WIROCFR XL A B R P MEVE T, i I ) 1=
g AR A Wy i 38 Y R Z AEAE I R S =
R SEORAROR WAL e sE S
P /INAE 5 A R AN AR I 25 08 S0 PE R A 13 A
ESTs Faft ik , 7037 5 5 28 B2 T 3 AL B A9 SSH-
cDNA SCEHA 57 4> ESTs Sl i As ", 7EA S0
R ZWSCE T & BT Rubisco {16 fL# ( Contigh ) |
Rubisco JiEAUEFAE R X Rubisco B35 P & H 211
PAERN . BRI BTG ( singletonT167 )t J& —4~ 5
RO EVERIE , 1 CO,F1 HCO, Z Al AR E.
ARV R AR CO, TEM PN AR P Y HEBH 1, AR
PSR AL, i R v 18 VR A TR T e 0 4 el AL 7
WA FARREAEHER = A R Mg- B Ih ok
IX FHIEEFR G (D30) JE 4R R a A£G E] 2R
TR EAh, BRI a/b 25 AR
(D18) , ML 45 8 F ( singletonT163 ) 25— & 4]
AOCEVERIAOCHIE AR . 25 EAnA, B RTEE %2
RERIRARS, FTRE 3 — RV EAE FHAH DG i
I F AR EAER SIS R, LS I
BB, SCE1ERIT RERWEYI O R B DA G,
2T HAEHNIIIE A FHRAMII,

NS REREN D MkS G —&
FIHE 55 AOCHE A 2 ShUmid &, 22 20R/
PN TR R (D11) | 25 8 ( singletond ) |
55 K ( Contigds ) &, A 7 24 J5 3% 16 2 B ¥ il
( MAPK, mitogen-activated protein kinase ) o2 S 1
TET EAZ ML — SR SF Y 22 IR/ 73 AR IS 1
WG (D11) Y FEBUR R T, MAPK 0] DA 545
S AN R T, B2 5
MAPK ZE{BL 2 53 i 376 16 25 11 ORG24 7% ( MAPK)
YL, Y AR ST 1 22 B IR/ 75 2 PR 2 B Vg , 7
ERE SIS RGN RE EEAEHTY, BT HE
AL AN 3BT LAY 0 e R 2 38 A s R 1Y
WA R T — P R I (singletond )
i 25 1 A AEVE 2 R 0 20 53 54 B oy A R e o
AHEBEAEM, XM LI R N4 2 (BR,
brassinolide ) (7K FE 4N 1 A4 8L, il 1 cDNA 3R B
A A8 T —A4~ 41 1939bp TS E H =80 1
TP % 25 B ( CKIs) 1Y OsCKIT £ A (Accession
number AJ487966) 1%k K 1) 38 15 52 T 5% N iR A1
W74 W% ( ABA , abscisic acid) 95, I Hi@ i <DNA
SR ERBIGE T 3% OsCKIT P& R 23k 18 | 45
BRIZEER B T 2 515 55 5 R R A
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2 14 &

WM 2R Rk,

TERIEE B S Id & I — R A 5509 s B A
KN EEFIER 1, Wi AL U (Contig9 ) | 8% 98 &
(Contig27) .72 & ( Contig30) 55, 7F %l i i 12 YL 47
1 AP PR N 23 H B T TR S T
PR S B RO R , o5 S A I RE S, sk
Fa ) R A M f M A T, T VR S AR R A AR
FASEIE N B IR Y  B R  T XoF 3 JTURS Wk A 1R e
A i AL A (Contigd) AT RES 5 M A H,O0,
FERIR I, NI 2 S huead #2 . fEREn
SCEEH IR R BT REAR FE 1 ( Contig27 ), A2 HI P B2
i VA 2 IR 2 B P BE 8 405 5 A D1 118 Jea 3 22 Ik 4
W AFE TR 25 5 7 It 5 HoAh 4y 7 19 B4
R CHEVE R, EIm R RS T 2
R R L LOLL 5 LSDI, 9 it ki W) 4 A7 1) 3 %
K, 5 a RS B A R T e A A s AL
(Cu-ZnSOD) YRR 2ok de e A i fiviz ™ [AIAs o
H4L R 7 09 RARI F1 HoRarl %48 2578 1 5 9 1
C3H 2 7T © 9% ik B 2 Bt s 56 A LE 5 % 41 19 6
(PN AR AR K R L s R T — A
Fe B RYFEIN OsLSDL, %3 PR 1 32 38 38 ] Ui sk
TR PR G5 [ W i B N, 72 % (Ubiquitin, Con-
tig30) LA K fiZ AT 1932 - UK 52 6 1Rl
S5 T B 3T JLATE 2 B BB R 40 9 0 s g 2SR
21 60 IR 200 J A% S T AT 0 3R 5 B IR 12 1Y
FH 1 IO o4 3 % R A58 v R e b T 240 L P
BT AME Y 25 40 i S8 I IR 4 4 i
ARG ARG il B TRE R
REN LA BB R i S L Fp A A AR Y peAh 7E
SCHE A K 3L 20 R I U ( Contigd3) A 3R b
B M Y B8 ( XET, Contigs ) | il 36 JR B X % 85 A
(singleton22) S HFFIE (1, i 250 R B, X L 3L A
H Y BT R B UIAE G

ABFFEHA 2 45 ESTs 78 BLASTx 4R B VLHAL Y
5 ABIHBERKN, SCPEF 17 4% ESTs AARFUTLAT 51 5
Z DCRL, HE AT RE AR L, X LT REA HIAY ESTs ¥
B AT AL B — 6 5 B IO R B P LM A G B
A TREIE— T, LM o 56 R RS bR
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