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2.1 HEYMBEBRIELE

PLOK R RIS i B 2 5 5 Fh 7 D SE g A1 RE, KRR 772 30 "C#RFP 12 h 5 SRR 14320 2 1, 43 5l
FHEL W6 K /N B RS 2 B 8 — 38 0 Fh T BT H R (0. 1 MPa) TAE X HR L 55 — & F F7E 75 MPa (1)
K N TR, 12 h JE B 6 IR R e R AR B S A Bl R AT R R A B O T — 70 CC Ik
b,

2.2 i{H

P “RNAOUT™ R F] & W [ K% A 7] FastTrack® AG mRNA Isolation Kits g [ Invitrogen 23
#],BD PCR-Select ¢cDNA Subtraction Kit l§ H Takara 2 @), pGEM T-easy Vector i H Promega 2
7] ,DNA Marker #il DNA Polymerase 4§ H Takara 2 7], H A8 8 SR 1 8 B re sl ik 1069 5387 2357
2.3 5 RNA B3REX

JKAEAIRE RNA 42 BOR R FERE R 24 /) AR ) RNAOUT IR &  BAK I kS B8R Ui 45,
2.4 mRNA WIS E

F Ml FastTrack® MAG mRNA Isolation Kits i 7] & 43 5 K R A IR mRNA, B L B S22 350 45,
2.5 MEERFIE

M 2208 32 32 M4 Takara 24 &) Y BD PCR-Select ¢cDNA Subtraction Kit B E2/EIH B UEFT, 4
BIHL 2 g X HE R 8 He b B S K SRR A9 mRNA ., DA b # YRR & mRNA FE R0 - (Tester) , LLXT
HERE 1 mRNA BN 3K 3 F (Driver) , 3% 564 i cDNA, I 4% cDNA #17 Rsa T WY1, B U1 7= 9 411k
Je o N HEAS [ Y 3k Adaptor] Al Adapter2R, FRE X P Bl ZE B A W] 2 2k 19 cDNA 2 IR $R A 20 B i 47
PIEE e s P8 PCR 973
2.6 S$REIEFE(MOS)

HAKSEE L S % Rebrikov 555 M7k . 215K 150 ng £ Wi%E PCR &7 345 8974, 1] Sma 1
AE 37 ‘CH AL 3 ho AL ™ W4k )5 7E 68 C #EAT 4 h 9 MOS Z& 28, SR Jm 2k A S 051 91 NP2Rs
(5"-GGTCGCGGCCGAGGT-3") #4744,
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AR BRERE YRS pGEM T-easy # K I, il of Gl ik AL B KA AR 7 TM109 B 1
cDNA FRLSCPE IR T Amp 19 LB/X-gal/IPTG AR 373 I, 38 5 W A 308 vk BHPE e b, R 2
I8 S R IG5 AL 55 7 1 5 % oy F e S g de ma ) B rikiti 17,

2.8 EHTFTH PCRENERE

PREUEEAL AR A O ETEE 1 mL A Amp #9 LB 8353w ,37 CHEBEH % 20 h 5 BU 1 plL
BB AR L DL NP2Rs 519 4T PCR S hy A6 4 A9 Fr B
2.9 EARENNFERF 5 ERSEEE X

M SSH-cDNA 223l SCPEH BEALPE 63 > d 2l ok, 5 26 3 Bl A T A W) TR HOR I 55 A IR A+
AT B0 0 52 L B BT 3R A5 09 3 P 7E NCBI £ % (http://www. ncbi. nlm. nih. gov) #1 5 it 5% i) 5 1]
AT RIS 2R X

3 EWHER

3.1 MFZ RNAWIRE

o Tk R b 7 b 2B B T B B RNA (3 B o] — & 19 TR A % B Y Trizol 45
PR EA) RNA XE LA 2 SE 50 07 2,

TEARSZE P, R RFRE A G WA Y “RNAOUT R & 2 BUFh 7 B RNA, #EA RNA £ 4
BT, OD260/0OD280 MIETE 1. 8~2. 2 Z [i], Uk B H B RNA 4 B2 55 = 5 1 06 Bet B 86 fise Pl YKk



372 = H L7 i 2 Eild %22 %

o 45 S (I 1) R B RIS RNA SR B0 9 e A . 52 B B 19 28S.18S 454l L IESE R LAY RNA 5%
BT
3.2 mRNAHWRE

% Invitrogen A Al FastTrack® mRNA 4327 &2 mRNA, 258 mRNA H 1% 505
R R VCEE AT ARG ol K RT3 (18 2) W20 B9 19 mRNA S 9RHOIR 20 A7, JC W LAY 18S.,28S Z54iF L /b
FEMEAE 100~1500 bp Z[H],

Bl 1 KAEFF 5 RNA ALk R % B 2 4B mRNA H k& i
(L. X BB T ) RNA; (M. 2kb RNA ladder; 1. %} B F 1 mRNA;
2. B FRAL B Fh 1) RNA) 2. G FRAL B FP 1) mRNA)
Fig. 1 Electrophoresis pattern of total RNA of rice seeds Fig. 2 Electrophoresis pattern of isolated mRNA
(1. Total RNA of control seeds; (M. 2kb RNA ladder;1. mRNA of control seeds;
2. Total RNA of high pressure treated seeds) 2. mRNA of high pressure treated seeds)

3.3 MHAZERFEZTE—RRE_RLPCRER

P 3 4 T 75 43 5 SR 0 22 068 2 58 S B A — 8 T2 55 4 PCR A AL YKAG I 25 52, i R 3 Wl A i
2o 85 —% PCR 945 2 2208 42 52 19 cDNA BE i B HL VK S50 55 L /N E 3434 78 200~1500 bp 2
[6] . T A< 2 40 i 22 08 2R 58 1) cDNA 19 46405 B 5 o ELR/INBY 23 A5 T B 48 200~2 000 bp BTE R, MK 4
A LA 2 55 58 PCR S L 75 22 6 2 50 RE i 9 FiL UK TR1 3% o o] LA 1) 550 4% B 249 1T UL B 2% 4 o T R 2 i
(9 cDNA KE i U] 52 BLR BIOR 20 A . TE W B IS S 4 0 0 SRIE AR S g v 28 25 I 24 52 9 cDNA
i TE 2 1 TR PCR P35 JE H A9 A BE R KR/ . 25 5 R 1K 19 cDNA 75 5143 A0 5 45 Fn gy 3

B3 cDNA %5 —% PCR /5 157 i 6 Bl 4 cDNA 58 —#% PCR J5 B9 57 i 46 )
(M. DL 2000 Marker; (M. DL 2000 Marker;
L. 2SS JA B —#8 PCR 4528 s L. 22D A I B9 5 48 PCR 45
2. REZWH )G A —4 PCR 455 2. R EWMAAL)E 15 5 PCR 4 5'!'%)
Fig. 3 Detection of ¢cDNA after first PCR Fig. 4 Detection of ¢cDNA after second PCR
(M. DL 2000 Marker; (M. DL 2000 Marker;
1. The first PCR products of subtracted sample; 1. The second PCR products of subtracted sample;

2. The first PCR products of control seeds) 2. The second PCR products of control seeds)
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3.4 SEBIEER cDNA TERE N

5 BT 7 R A 22 98 2% 22 1 cDNA
Ze3d MOS R FTA 28 MOS Jz v Y L Pk
KL 259 R MOS $ AR X 0 i 22 8
F A B cDNA B 5 47 AL 15 L iUk
Pl o 5 55 4 B /D R T B

AR L I 22 S R A cDNA ik — Bl 5 BERBEFRIT 2208 cDNA SCEE i K il

LU E L. (M. DL2000 Marker; 1. 301 2 I 2 58 1) cDNA 25

3.5 EZHFH PCRENEZEER MOS J 7 J&i (74 5 2. 3] 22 98023 57 B9 cDNA)
%W e A 5 B R Y i 4 B pGEM Fig.5 Detection of subtracted cDNA library after MOS

(M. DL2000 Marker;1. The products of subtracted cDNA library

T-easy B A5 L B K # | TM109 )5
after MOS;2. The products of subtracted cDNA library)

i 3 A B e B 580 A E A ke, K

6 FT 7N O HE2H e B TR 7 PCR ORI B bk 5 28 . e K PR35 S 7S sk 26 o 4 e B P 4 A BERY R/
S5 A AE 200~1000 bp Z [6], 47 A R B i F- ¥R /AN Oy 575 bp. &4t 1E i 19 580 A sk,
PCR A6 45 5 g 50— 38 255 (9 A RO BE RO 542 A~ A ve ey 93,400,

M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

K6 4T T PCR %4 (M. DL 2000 Marker; 1~48, i #% H 9 8 21 5 1)
Fig. 6 Identification of some recombinants by using PCR(M. DL 2000 Marker;1~48. Selected recombinant clones)
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TER TR S 251 cDNA SCEH L BEVLPEE T 63 A H 4 Fope kA7 I 5% . 45 3] T 30 A cDNA
FEB (L3 1 H i 17 A Sh I RE A A9 3L R 51 L 11 A S KR T D RE 1 38 R R 510 55 b 2 A 5 B AT
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*1 BEBSRENER
Table 1 Genes induced by high hydrostatic pressure

Clone ID  Length/(bp) Accession number Homology

. H47 530 X05662 Glutelin type [
Metabolism . .
. H120 501 AB016501 Glutelin
(Carbohydrate . ~ L
cabolis H139 509 AJ251899 S-adenosylmethionine decarboxylase 2
me a‘o s H149 920 AAR13692 Fe*" dioxygenase-like protein
protein storage .
) . H388 340 AF156714 Prolamin (RP5) gene
and biosynthesis) .
H416 470 AF194115 Prolamin 7 gene
H9 456 AK103694 Glyoxalase [
H102 728 D01000 Copper/zinc-superoxide dismutase(Cu/Zn SOD)
Defense response H105 434 AB059239 Glycine rich protein
(Response to H342 324 AF198626 Copper chaperone(CCH)
oxidation, protein H407 278 AAU14999 MtN19-like protein
ubiquitination) H513 951 AF184280 Polyubiquitin(RUBQ2) gene
H532 741 AK121978 Cell death-related protein SPL11
H545 500 AK101323 Heat shock protein 90 (HSP90)
L H97 934 AK102071 Arginine/serine rich splicing factor 1
Transcriptional _ - .
. H145 936 AJ575228 TA4 protein
regulation . .
H284 284 AKO067029 ADP-ribosylation factor
H128 332 ABF95824
H232 328 AKO072775
H274 556 AKO066751
H334 496 AK240743
Unk H335 341 AP008214
nlrl.OWn H370 1150 AAV44205
protem H394 496 AK122111
H467 521 AKO073700
H469 802 AKO066751
H473 591 AKO067080
H490 662 AKO067980
N | H259 335
ovel gene H557 254

4 i

P 2298 4% 58 & Diatchenko % AN 7E 1996 AFH5 24 58 Fl PCR AR 58 98 45 A e e i 2 57 5 — Fl
1) 1 15 2 57 & 38 ik PRI R L M A 1 FH T 1k 2 D 2% 28 R PP R 0 ) 4 PCR s 7 25 8 4% 28 2o i o il =
AT cDNA # DUEOE T 85, BRI T 5K FE B A 22 55 38 08 56 R B A5 2 A Rt b 38 . 904 22 08 4 58
FAREH 2 55 W8 7 ¥ W mRNA 22 % &R (DDRT-PCR) . cDNA ft % 1 2 5 73 #r (cDNA-
RDA) I cDNA 354 1 Bt K ) 22 80 (cDNA-AFLP) 45 5 AR AH o B A 53 8503 v AR BH e 23 550 0 1) 4 45
FHH T AR I R,

FEAR LG, 220 55— 48 PCR 9734 J5 A % B0 oK 4 M 22 0 42 52 19 cDNA FE i 19 & 52, H.
KNI 43 A B H 200~2 000 bp B, 17 28 22 2% 22 19 cDNA B i 1 B Uk Sy B S 40 55, LR/ 222
YA AE 200~1500 bp Z A, YA ZE 5 — %8 PCR ¥4 J5 & 22 Wk 24 58 (U FE S dE H cDNA B 1 AH X
R RIS Zad 58 481 PCR ¥ J5 . A & BE R 220801 cDNA FE & 2 BURHCIR 40 A5 . 100 7 248 28 08
FRASHFE i 1 L K P R Rl DU B EAR B 2 ] DL I 4, UL BH R R S 5 3R 8 1 3k RS B A AR B AR T
e RWESTAE S T 40 25 0 2 28 A — A AL s 22 SRR SR R I T ik

BRI PEH AR 2 Rebrikov 58 N3 H 19— Fh BEA SRS b SSH SCE AR 25 57 38 1 3 kAR
B v b R PEPE TE ) O 7 1k i F R T BAR e M1 s B A0 25 7 (R S S s b 4 T A — A4
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55 SSH AN AN [7] i 422 3k 77 50 AR L 9 7 1) 1 L IF 22 55 3R 35 19 H AR cDNA R BC#E BA PN 7 51 05 1))
RE T $EPE 1Y 50 BR 22 980 cDNA SCPE B FHPE e . FEAS 5250 v o FRATTRE B AR 28 5 B AR AR Jy 41 i) 22 8%
B4 A — B SO i TN P ) AL B KRR BT R R P S S R A cDNA SCHE 9
i, SEERAS R R, Z WA A 1Y cDNA M S TE L R SR e B AL B Uk B v BT BH B AR
H 2298 cDNA SCPE YT 5050+ b 35 Hh sl /b, d B B AR B A0 BRI 1 8 FR 35 3 3R G819 220 cDNA 3¢
JE Al BH %

TEAWE T FATTR] 00 1 22 0 2 52 235 6 B AR e PR R B RO ) A At 17 oy T A LS K e 5
R REPHE T FRIAN cDNA SCFE, IF i ik 3815 7 580 AN se %, AL PRI T 63 S E 4w
AT A3 T 30 NA R cDNA FFH) L, P A b 40 B 2 B X e 57 @ R 5 R s 9 2 H R 2w N 3|
AN SEL DA B S I By TN
4.1 SEFEREHEHXXERMNRIE

FEAME T, 52 5 5 T 283k 19 5 A A OC i 56 IR 3 22 g A e 2 11 A0 AR DG A L B 4E Glute-
lin, Glutelin type I . Prolamin 1 Prolamin 7, ZK&FH T % 29 S B4 6 2 11 04 K i T RE £ 19 T #E 55
— RINEZ A . A DB A R R KRR B AR . e S R R EL A B
SV 60%~T75% H18%~20%"" , FER T Y K ZE bR vp R L A i R B 1R A O R RN
1 187 B Ak A 4 DU AR W R AR Shs R r e Y . EARBFGE L 7R 75 MPa 19 & # K AR B L K
R v — L i AR 1A A DG R R 0 ek B Xk A T 8 Ak L 4 A EE 1S A DG Y 2 ) Glutelin,
Glutelin Type [ . Prolamin fl Prolamin 7 A9k ¥ .12 45 5 3% B i He Ab B mT 68 90 i 1 Fp - ob it ek 25
A R i o TR0 T & 2 0 B B a2 (R AR I A o) T R 0 R 2E L FRATTAE A R S G e R L TR
FE AL B S  AK A T 7 119 K 25 55 R v 6 B AIC L 3 mT B8 5 s i 0 i R 2 (4 R Al A O L RIS A B
fife Tt e AL LS K R A - R 2F RN B R R AR B R R I T R EAE L
4.2 BIEFSHMEmENAEXE R/ ERIE

TEAB S TE R R IE 2R IB B cDNA SCEEP IR RS 1 8 A5 1k 38 e R AH G By 2 A, ok 28 36 A 4
15 Glyoxalase [ . Cu/Zn SOD, CCH, Glycine Rich Protein, MtN19-Like Protein, HSP90, Polyubiq-
uitin fl Cell Death-Related Protein, 7FiX 263K 1, Cu/Zn SOD Fl CCH k% 4k M 38 AH 5¢ 1y HE 1A,
Cu/Zn SOD J& T 4 Ja& filf 52 1 He A, 4 A S0 B 25 08 1 O, Al HL O, L 35S K 9 D) RE 8 T3 B3k 248 M v 7
ik A B 3 PR A B 1 R AR . CCH & —Fh 42 & i o F AR Z W B & Cu
BT IFAZ B 4 Cu/Zn SOD, ZEHTE AL & 42 ol 8 |2 A/E NN . Cu/Zn SOD Ml CCH 15 3 %K 3k
FEI L e AL B AR L K AR AP R T RE & AR T T AR B B AR AR AR 4 R A

TN ETRATER A F R HEH TR 53T 11 D IHEEARF A0 I F 5, X 28 5 51 Ty 58 1) 5 1H 58
s RS R AV F R 2 0 FE R R TAEMAE#FITZ T,

References:

[1] Winter R. High Pressure Effects in Molecular Biophysics [ A]//Proceedings of the International School of Physics
“Enrico Fermi”,Course CXLVII on High Pressure Phenomena [CJ. Amsterdam:10S,2002:413-453.

[2] Kaarniranta K, Elo M, Sironen R, et al. Hsp70 Accumulation in Chondrocytic Cells Exposed to High Continuous
Hydrostatic Pressure Coincides with mRNA Stabilization Rather than Transcriptional Activation [J]. Proc Natl
Acad Sci USA,1998,95:2319-2324.

[3] Dixon D R,Pruski A M,Dixon L R J,et al. The Effects of Hydrostatic Pressure Change on DNA Integrity and Em-
bryonic Development in the Hydrothermal-Vent Mussel Bathymodiolus Azoricus : Implications for Future Deep-
Sea Mutagenicity Studies [J]. Mutation Research,2004,552:235-246.

[4] TIwahashi H,Odani M,Ishidou E,et al. Adaptation of Saccharom yces Cerevisiae to High Hydrostatic Pressure Cau-
sing Growth Inhibition [J]. FEBS Letters,2005,579:2847-2852.

[5] Fernandes P M,Domitrovic T,Kao C M, et al. Genomic Expression Pattern in Saccharom yces Cerevisiae Cells in
Response to High Hydrostatic Pressure [J]. FEBS Letters.2004,556:153-160.

[6] Vogel R F,Pavlovic M, Hormann S, et al. High Pressure-Sensitive Gene Expression in Lactobacillus Sanfranciscen-
sis [J]. Braz J] Med Biol Res,2005,38:1247-1252.

[7] Li G S,Bai C K,Duan J,et al. Research on Mutation in Rice (Oryza Sativa L.) Induced by High Hydrostatic



376 = H L7 i 2 Eild %22 %

Pressure [J]. Chinese Journal of High Pressure Physics,2006,20(4):421-428. (in Chinese)
RN, FURRE, B R 4F. mEORIR S SRR R R M BTSE [T, SR B2 4R . 2006,20(4) :421-428.

[8] Rebrikov D V,Britanova O V,Gurskaya N G,et al. Mirror Orientation Selection (MOS) : A Method for Eliminating
False Positive Clones from Libraries Generated by Suppression Subtractive Hybridization [J]. Nucleic Acids Res,
2000,28:E90.

[9] Sambrook J.Russell D. Molecular Clone: A Laboratory Manual(3rd ed) [ M]. Translated by Huang P T. Beijing:
Science Press,2002:93-96. (in Chinese)

Sambrook ], Russell D. 4> F F S0 H5 R (55 3 B0 [MO. #8535, 3. bt B2 i R FE , 2002 93-96.

[10] Ji W,Wright M B,Cai L,et al. Efficacy of SSH PCR in Isolating Differentially Expressed Genes [ J]. BMC Genom-
ics,2002,20:3-12.

[11] Diatchenko L,Lau Y F,Campbell A P,et al. Suppression Subtractive Hybridization: A Method for Generating Dif-
ferentially Regulated or Tissue-Specific cDNA Probes and Libraries [ J]. Proc Natl Acad Sci USA,1996,93(12);
6025-6030.

[12] LiG C,Jin L P,Xie K Y,et al. The Principle of Suppression Subtractive Hybridization Technique and Its Applica-
tion in Plant Gene Isolation [J]. China Biotechnology,2004,24(9):26-34. (in Chinese)

A BB T AF. I 22 08 2 28 (SSHD HR R e dg oy B IR 3 8 g i T LT, B A TR kAR
2004,24(9) :26-34.

[13] SuP H.Yu S M, Chen C S,et al. Spatial and Temporal Expression of a Rice Prolamin Gene RP5 Promoter in
Transgenic Tobacco and Rice [J]. Plant Physiol,2001,158(2) :247-254.

[14] Mandal S, Mandal R K. Seed Storage Proteins and Approaches for Improvement of Their Nutritional Quality by
Genetic Engineering [J]. Current Science,2000,79(5) :576-589.

[15] Bai C K,Li G S,Duan J,et al. Effect of High Hydrostatic Pressure on Seeds Germination and Seedling Isoenzyme
in Rice (Oryza sativa L.) []J]. Chinese Journal of High Pressure Physics,2003,17(4) :283-289. (in Chinese)
HSEE, X B R 45, S K R X K RS AN T8 & KR LEER s2 e [T, & R P R A% 4, 2003, 17(4) £ 283-289.

[16] McCord J M, Fridovich I. Superoxide Dismutase. An Enzymic Function for Erythrocuprein( Hemocuprein) [J].]
Biol Chem,1969,244(3) :6049-6055.

[17] Hwang I K,Eum W S,Yoo K-Y,et al. Copper Chaperone for Cu,Zn-SOD Supplement Potentiates the Cu,Zn-SOD
Function of Neuroprotective Effects against Ischemic Neuronal Damage in the Gerbil Hippocampus []]. Free Radic
Biol Med,2005,39(3):392-402.

Construction and Analysis of SSH-cDNA Library Induced by
High Pressure in Rice Seeds during Germination

LIU Xun-Cheng'?,ZHANG Mei' ,DUAN Jun'

(1. South China Botanic Garden ,Chinese Academy of Sciences ,Guangzhou 510650,China;
2. Graduate University of Chinese Academy of Sciences ,Beijing 100039,China)

Abstract: In order to study the effect of expression pattern of high hydrostatic pressure on high plant,
a SSH-cDNA library was constructed with rice germinating seeds in this paper. Suppression subtrac-
tive hybridization (SSH) in combination with mirror orientation selection (MOS) was performed
using the mRNA from rice germinating seeds treated by 75 MPa high hydrostatic pressure as tester
and the mRNA from control (seeds untreated by high hydrostatic pressure) as the driver. 580 recom-
binant clones were picked through blue/white screening. PCR detection of the recombinant clones
showed that the size of inserts mainly ranged from 200 bp to 1000 bp,and the average size of these in-
serts were about 575 bp. Among the 580 recombinant clones,542 clones (93.3%) were identified to be
effective single band ones. After sequencing some of the recombinant clones, it was found that the
genes induced by high hydrostatic pressure were mainly involved in metabolism, stress response and
transcriptional regulation. The research paved the way for studying the gene expression patterns of
rice seeds responding to high hydrostatic pressure.

Key words: high hydrostatic pressure;suppression subtractive hybridization (SSH) ;rice



