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A Full-Length cDNA Subtractive Hybridization ( FLSSH) Method and
Its Application in the Isolation of Inducible Expression Genes in Rice

ZHANG Qun-yu, LIU Yao-guang
( College of Life Science, South China Agricultural University, Guangzhou 510642, China)

Abstract;cDNA suppression subtractive hybridization (SSH) has been used to analyze differential gene
expression widely, but there are some shortcomings in it such as difficult mRNA preparation, difficult
mRNA handling and short ¢cDNA fragments to be obtained. A Full-length ¢DNA SSH ( FLSSH) method
based on SSH and SMART cDNA synthesis method was used to obtamn differentially-expressed genes of
rice treated by probenazole ( PBZ). By northern blot analysis, two up-regulated and one down-regulated
candidate ¢cDNA fragments by PBZ were identified.

Key words: suppression subtractive hybridization ( SSH) ; gene expression; probenazole( PBZ)

B R ( Probenazole ,PBZ) =—Ffb W FHI 1211 BB A2 K cDNA il 45 I8 2% 3¢ 5 1 ( Full-length

B AT IRAR B A0 PO A R, TS MY oDNA SSH,FLSSH) , 53 85 7 A B8 AR AL 81 5% 1 F 2

%
1Ei\l

R RS PL M (Systemic acquired resistance, SAR).  RF3FiAR cDNA TufE.

PBZ

248

TR B M AR B VG TAED , Hitk PBZ B—FF >k F Trizol 3437 ( Invitrogen Z35] ) $2BUKF I &,

HEKkE e B — RS N, AT ZR 1S X A .
B BRER®

B A AR R P . PBZ M g R L R

B OTIHE R/, 20 AR M HAEKTER 1.1 K2 RNA 2B

A

WAHAES . ATFSE Ll PBZ HiBES R AFK  RNA, BRBRVERR LB BT

T, LA i 45 98 24 32 ( Suppression subtractive hybrid- 1.2 KiB#EIBJALIE
ization, SSH) #1 SMART ¢DNA & i i N 20, KRR A HIE 11, B FH KRG, 1E 24 CTHESF

I #% H #7 :2009-03-12
BB KBEF(1973—) , B, 8% 0, W, @RELZ . NHEE(1954—), 5,9 % i , 1§+, E-mail ; ygliu@ scau. edu. cn
BT H: B R g RA35 X2 (30470995,30740072)




%1 HRET . R 2K cDNA IR GRS 7 b BB R 5 1 2 1R 3 B8 1O L 35

FKEE 14 d J5, 5004 7,

3 51l 0. 8% PBZ Ab¥E 1.2 #1 4 d, R HIEE

BARL0.5 g it . H

HF‘

Ve R AL BEAE &, 5 — 10 F ddH, O AbFREAE R X%T BRAE 5.
1.3 44 cDNA ME g 23T

T HUGT BEAE i A0 Ak 2

FESL B RNA, EEE A5

¥ CDSSE 47 FUi% sx ( RUFE Sk B[R] B A 51 40 SmSf
FE S K ) . ¥ sk B {E FH Superscript M ( Invitro-
gen 23] ) , BRAEFZ IR ULEA 31T

Taq Ff{E)

A519 PSHi (519 P8 )3k 1) 4T RT - PCR,
TaKaRa /> v ] LA Taq B, B, oK A8 0. A

A RT - PCR 45 27 2 B R JT , IAL FERE 5 49 RT -
PCR 72414 200 ng FIRHIE P VI8 Sfi 1 R4, ) -
AR , Z BT, BEYIREW 5 b 2 4, il T 1545

4 WL TE ¥ ( #4 20 ng/plL

Tester. X} HEAE B9 RT — PCR =95 ( 29 5 pg) R

B2 AdSsf B Ad3sf 2K 7K, ﬁ?}iF% g, 1T

), A O 30 il 46 8 5% 32 e

HENYIEE S 1 BgY], By - [UTHIR, ZBETLE, I8 T
10 pL TE # (24 400 ng/ L) ,fE 4 Driver.

X1 214 cDNA HIHIFERB RS9 F 5
Tab.1 The adaptors and primers used in FLSSH

519 5 Y5

PSi GTGTGAACACTGCAGAGTGGCCTAC-3’
SmSf  GTGTGAACACTGCAGAGTGGCCTACTTGGCCGGG-3’
SfRNA  GAACACUGCAGAGUGGCCUACUUGGCC-3’
GTGTGAACACTGCAGAGTGGCCTACATGGCCTTTITTCTTT-
TTTTCTTTTTTTITTTTTT( A/G/C) -3’
Si-T  CGGCCGACATGGCCTTTTTCTTTT-3'
P2-1 CCCAATACGAGGTCGCCTTCATCT-3'

CDS54

P2-2 GCCTTCATCTTCTTCTGA

GGCCAAC-3’

AdsfS CCCAATACGAGGTCGCCTTCATCTTCTTCTGAGGCC AACT-3'
Adsf3 CCCAATACGAGGTCGCCTTCATCTTCTTCTGAGGCC AACA-3’
Adsfe  3'-GAAGTAGAAGAAGACTCCGGT-5'

A BT WL 57 RSk N 3723k Tester 3| 2 1~
200 pL HREELLAE , B A 2 pL Driver fl1 pL

4 FER) R AT PR, A 2

ﬁiﬁﬁ%fﬁl%*ﬁﬁ SR

BN S 98 C it 3 min, ¥ A 68 C 25 S 75 1

HAEZAE. 1 h 5 ,BUL.5

wL Driver 2 pL ddH20 A

1 pL 4 x 22388 0h Wi ) 200 pL HEEB.OE,BRYE
SR B, MAT YHBRBE, SFE LG 98 C
A 3 min, -3 MAR 2 158 1 fedamiae L E

N, HEE 0. 68 Tﬁiﬁ
BB 68 CSE B3

A 200 pL 68 C FHik TE,fnﬁ*TEDﬁmi IR E

A 0LE 1.

3 min 5 ,IRE 2 BERH,
1755 2 aamiZRsC 16 h J5,

B2 wl GERZ A AR E] 100 pL PCR

IRMWARZ b, AR RS PL-1 3EA758 1 R4
PCRy #.68 C 5 min; 96 C 3 min; 96 C 30 s,

68 °C 15 s, 72 °C 4 min, #4725 ~30 MEF ;72 C

10 min. B 3K S, B 1wl PCR 7= 4F K 4R B
200 L PCR [ MK Z i, Ak R B4 P22 4T

!

2 %A PCR ¥ #2.96 C 3 miny; 96 °C 30 s,

68 °C 15 s, 72 °C 4 min, 47 10 ~ 12 MEH ;72 C
10 min. B KRN | [FISCGF FEREEIBRAA N, HomRE A &

PG5 5T 38 Sk YL s e 3 AR ).

k30 T I ALY S 45 DB 2% A% S % « K 3k BH 1 e K 2

906 FLIEIF B, XU ) 48 P 2% 28 7= P 25 PR X 4 BN 8 B 96
fLES SRR WA LB SR W, F8iR 8 51 ¥
M13 P854 A R B, B LI T 10 pL TE, % 2 2
B 4 3R 384 fLIEFRARAN.

X6 AT IE 18] 52 [ 0 ) 448 Dk 2% 52, BB 2o l] LA

LEFEFI X RBAE 5 O~ Tester, LAXT BE A AL FRAEE & S8 Driv-
er, L1 93k181E 550 PBZ S EIEATT ERYIEHA.

Tester RNA Driver RNA
RT with CDSS{+SmSf
l RT-PCR with PSTLA ,GC Bulffer) l
Sfi 1 M§4)200 ng Tester cDNA Sfi 1 B§11)3 ug Driver cDNA
+ 100 ng 100 ng+
TEREHE L AdSsS B ESL Ad3sf
C é' 3 5 - _iJ'I
3!
20ng | A it [ 20ng
HMAL ngAE R
l Driver cDNA ¢
68 ‘CH 1MW RAZ(S pl)l h
a | — 3' £ J
b C b » ]
C L —_— Clr i y —
d d
M A300 ngZe#: fYDriver cDNA,
RAEHITH 2R 4R AZTE
pP2.2
P2-1I_...
aja' r 11: + b,b',C,ci,d
ﬁ_-z P2-1
2R MPCRY 1,3 F
a/a'fE IR B 1N
S 1 W), 8 R 1E W, T B

K1 2K cDNA MFIEmAMa A ERBERERE

Fig.1 Overview of the full-length ¢cDNA suppression subtractive

2

hybridization ( FLSSH) procedure

ERITH

2.1 24 cDNA &R

iﬁﬂiﬁﬁﬁf—nﬁu PBZ AhFBAES B RNA, S8

51 %) CDSSf4 HE 47 B ¥ 5r (%% 5% /Y 8] B i A




36 S I A = %31 &

Smart 5[] SmSf £ 5E 5' A ¥ ). 2|4 PSfi #£4F RT 27 RIKFE A 58 [ MR 4T 64T Southern 237 R
- PCR, R 3k K. 15 2 th 39 RT - PCR FEYI) cDNA 25 2n 1R 12 35 R 3G8 7E A B A 5 vh 334 K IK -
R BAE F A TE 1 ~4 kb S, 35802 84 oD- B, TELALFRFE S8 cDNA K Tester {4 1F i) 14 4
NA HJ R JE e, SIS R P B AR B B4, TRIFE I 9] 300 161 45 ik 2 55
TR E i B A 252 R R 44T (& 4).
FLA 16 LR 58 e DL [RIAE 7 it AT 0 k. Rk

T35 ANIE [0 PR 5% 35 3 PR T B T 3 4 2 g 0 4
H@@ﬁéﬁﬁl‘%.

| :ﬂ‘igﬂﬁﬁ—fq; Z:XfI_HHJ m:[ ,3 DNA Marker )5, Hr,nd ]]I
&2 44 cDNA #9 RT - PCR Ha 3k &
Fig.2  Full-length ¢cDNA obtained by RT-PCR

2.2 cDNA M&iggm 23
Zlgﬂ L/IT T 1E m*ﬂfi mj:q]fﬁljﬁﬁﬂhi Eﬂﬁ K a ki 102 VLML SFE S Ay Tester ()11 HER BRI W)
S

WA LR )5 1 PCR PRy kil 3 FI 4 A AL FHEE S B ADGT B E S
AVAAE BRI g Tester, LA B Rk JBAE 5, RERIRASENG DNA, TS F16 FLARTIRREL Y Tester 05 (1404

Driver, L1/3 #3k 1815 57| PBZ BRKFREKFE E e WAL 2 SEHIRAAEKT PCR 2491 3Kiti 7 K N - Hind 1I: ] b

ST I B REP & cDNA (9025 5242 KA Vi 3G8 3k 1 Southem 2636 141K
RIRKIN, 11T ST e PUBRIR by e G5y ARSI 1K S 308 LA e
SO BEHLIRBGE 4> ke, FIARMAE T2 M13 - 4 AR LKE 368 ()t

Fig.4  Enrichment of the 3G8 mRNA by FLSSH, a differentially

expressed gene between Tester and Driver

2.4 ZiZEFRES PBZ FE5 R 5 BENBIA
AT ARG 8 MEEIL D] %W g 2 PBZ i S
BB, LA R 33 WA IS A A6 i 5 BB, 45 0ot Bt
b Al PBZ A PEAE S ) 24 RNA Hr L UKEERE DAz 3L A
P BCATRER 31T Northern 38 /il (8] 5). 45 B 2%

B 000009 5% A PBZ AT R BB 5 ] ) 43
M:DNA Marker; JUAx Ik i 402 0 9y 2 e 2 KPE A By 22 5.
X3 AR08 Sk Y PCR A
Fig. 3 Screening of the cDNA clones of FIL.SSH by PCR

2.3 MHBBEZEEBHNEHRE
°F 384 FLEE SR MM B9 PCR 7= 49 5 B0 51 g Jp it
k, EﬁKH&%L%Eﬂ2 TEE. [ 55350 LT B8 A b
PR B 24 cDNA MNIREF 1T Southern 2t ZL 8 Wk
Jﬁ?ﬁ%’“ﬁﬁﬁiﬁﬂﬁﬁﬁnnlﬂ A RIBEFHIFEF T
R SAE 5 AR 5540 45 e B 3 35 2% 5 ) B B
SERE , TELLAE TR SR Tester (¥ 45 0 2 55 S0 e 14 . 45 : ;
12 /3 K SEfE R KA B 2R, TE LAXT BRFE 2 | APHRRE 32 AR FERE R sa: 15 RNA B3k 8]
Tester FIZEIN 43 L 4 5 RN SRR A b ~d 7354 %M 3G8 .1E7 .2G3 # Northern Zuig sk B

Ne 225 S BRI R R S AT
7@ r%ﬂﬁﬁ*%L-ﬁ : IR %F% '{%‘éﬁﬂjz Z,IFE’}C AlJ ﬁ‘rﬂ Fig. 5 Expression analysis of the candidate clones when induced

AW AL S5 1) & cDNA P2 49 vl Tk s £ 2 Je g i, LA by PBZ

REHE AT MR/ NHHE AR (B 3). B 3 §74 AF
WA/ AR AE 2 kb (I, H A6 A ke

o o




%1 BT — A CDNA I GRIRA A ok B s S A 25 418 0 37
\ NA et h BRAEAa I A 38 SCE . O 1 i/ AE
3 #Hik

4K ¢DNA M%Jﬁ‘ﬁﬁﬁiﬁm%ﬁ SSH 2 7R #1
SMART cDNA & 17 5 WA EaH1TE R B 7 .
5 SSH AL BA LL F LA &%‘%’%ﬁiﬁ‘ )i B At R
#d RT-PCR /4K 1S R cDNA( B —5|4
Psf ¥, 54 RT - PCR W RASY ) , AEES
At mRNA BT ABE 4748 W A% 38 5 AN 3k FH 4 B9 PR il
NI, SN ERREITRELE K, 22K
cDNA.

ARG a3 X EF A TR
FETE1~4 kb N, FEEPHE LS kb i, B
ZHEWURIGE KA ZER cDNA wiE. HAMK
RGN ZR R 3G8 M1 2G3 PR EHHE K /1
k1.6 F12.7 kb, 3E 3+ NCBI [ Blast 4347 (http://
www. ncbi. nlm. nih. gov/blast ) #1 RGP Mk IE K (hitp://
rgp.-dna. affrc. go. jp/Analysis. html ) Tl 4 B 43 51
2.3 %1 3.1 kb, ABH W] LA B K BX ) ¢cDNA 3¢
. Z AN TRERGEHNEREKFBRERY
HIRCR , L LA A #1722 H A I B 8 FiAE N
R I A R, 7T LW 2> 5'-RACE 2§ 3'-RACEY i
W HIF XSGR KRIKETER cDNA, X 5
SMART cDNA %ﬁiﬁﬂ%%ﬁ%ﬁ%, SRR
5 B Y, AREX 2 mRNA R 2 Wi o B
K, ib A2 2K mRNA 1)K ¥, Br LIEE2 KB cD-

'.'-"-L

21 cDNA sl , 75 ALK AR cDNA 5482 4
i

SRR R TT B F] 4 K DNA FEAT

85 Mk :

(1] WATANABE T, SEKIZAWA Y, SHIMURA M, et al.
Effects of probenazole ( Oryzemate) on rice plants with ref-
erence to controlling rice blast{ J |. J Pesticide Sci, 1979,
4.53-59.

(2] SHIMURA M,IWATA M, TASHIRO N, et al. Anti-conidial
germination factors induced in the presence of probenazole
and properties of four active substances [ ] ]. Agric Biol
Chem, 1981 ,45:1431-1435.

3] DIATCHEBKO L,LAU Y,CAMPBELL A, et al. Suppres-

sion subtractive hybridization: A method for generating dif-

ferentially regulated or tissue-specific cDNA probes and li-
braries| J ]. Proc Natl Acad Sci USA,1996,93(12) .6025-

6030.

4] HARTUNG F,PUCHTA H. Molecular characterization of
two paralogous SPO11 homologues in Arabidopsis thaliana
[ J]. Nucleic Acids Res,2000,28 (7) :1548-1554.

|5] FROHMAN M A,DUSH M K,MARTIN G R. Rapid pro-
duction of full-length ¢cDNAs from rare transcripts ; Amplifi-

cation using a single gene-specific oligonucleotide primer

[J]. Proc Natl Acad Sci, 1988 ,85:8998-9002.
[RERE Forir)

el Lol el Se L et b7 Rl el Lol Lol Bt Lol Dol Rl Bat Sl Doct Bl Torl Sl Bl Bot Tl R d R Pl ol 2o Dt Bt Tl Tl Dol Rt Tat Tl Par P gy ot Tt Pt Tt Tart Lovs Tond T Lot rod T Loy Lot Lol Tt L Lo Loy Tt L Lol Lol T ] Lo Lot Tat Tad L] L] Tn Lol Lo o] La T pol el Tt Tal Lol e Tal o] Lol Lot et Tal Tol ey Tar eyt Tt

(3% 33 )

[15] XUB6, 3. BanmFditE S5 EFME M T ER A Y6
ZHRL]. Ek LB AR SR ,2006,19(3) .
31-34.

[16] COOK R J. Making greater use of introduced microorgan-
isms for biological control of plant pathogens|J]. Ann Rev
Phytopathol 1993 ,31 :53-80.

[17] KLOEPPER J] W,RYU C M,ZHANG 8. Induced systemic
resistance and promotion of plant growth by Bacillus spp.
[ 1. Phytopathology ,2004 ,94(11) :1259-1266.

[ 18] HAAS D, DEFAGO G. Biological control of soil-borne
pathogens by Fluorescent pseudomonas| J |. Nature Rev Mi-
crobiol, 2005,3.1-13.

[19] CHANG W T,CHEN Y C, JAO C L. Antifungal activity
and enhancement of plant growth by Bacillus cereus grown

on shellfish chitin wastes | J ]. Bioresource Technology,

2007 ,98(6) ;1224-1230.
[20] OUOBA L I,DIAWARA B,JESPERSEN L, et al. Antimi-

crobial activity of Bacillus subtilis and Bacillus pumilus
during the fermentation of African locust bean for Soumbala
production| J |. Journal of Applied Microbiology,2007 , 102
(4) :963-970.

121} KAMENSKY M, OVADIS M, CHET 1, et al. Chernin soil-
borne strain 1C14 of Serratia plymuthica with multpleme
chanisms of antitungal activity provides biocontrol of Botry-

tis cinerea and Sclerotinia sclerotiorum disease| J ] . Soil Biol

Biochem ,2003,35 .323-331.

[22] Sl%, XIBESE, B 5HE, 55 MIRAE Serratia plymuthi-

ca HRO-CA8 WA BFERHVIER ] ]. =Rk KR¥=%#4R,
2007 ,22(1) :49-53.

[REHRE Ais]



	0034
	0035
	0036
	0037

