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PCR (Polymerase Chain Reaction) & F\ 272 4 2 TR O MHEEA> S DcDNA libraryii

rary %> 5 FEHE Zpick up L 72124 Dclone® 9 % 6 7 i3
aleurone B RMWICEH L T A2 BIEZF T, €0
¢DNAMDE E 1 FE12200~400bpTH B Z &A%, aleuro-
ne® mRNA & starchy £ FL mRNA {2} § % Northern
hybridization analysisD#ER L WHO 2L Loz, L
Fo#ER L Y PCRE IV 5cDNA  library 12k 18
W2 BT B A - MR RN RE T RBERERE A
HTHaBIZ EARSINT,

M¥ B L UHE

1. ##
A #FEF- . Oryza sativa,L. (cv HAHEE) % 5K
A 7(% EER T UBHAER 190 B ICERIU L 1A%
6T HBIE LA AT R VT,

Oligotex-dT30. reverse transcriptase (RAV-2) .
terminal deoxyvnucleotidyl transferase, Taq DNA
T4 DNA polymerase, T4 polynucleoti-
de kinase, T4 DNA ligasel¥. TAKARA X b, fiiglies
agarose (Seaplaque GTG Agarose) (& FMC BioPro-
ducts & W . poly I +polyC. poly (dA,dT) (IPharmacia
LKB Biotechnology & ¥ . SELECT 5L & 5Prime —*
T OBEALM, (T).(C)primer. oligo-
nucleotide adaptoriZABI 750A% W THK L 72

polymerase.

3Prime. Inc.

3. %8
PCRIZ. ZYMOREACTOR (ATTO) TAT7% »7:,
R kBN E Mupid-2 (Cosmo Bio) # ffH L 72,

4. FHi&

1) Preparation of total RNA from an aleuron layer

DA 1 fET—R A REEFECH-> TV HIKETH IV
JIZE VYY) . 3HEST L, TOEBPOITE
Px—LIZANE, FDOHI
(100mM Tris-HCl pH 9.0, 100mM NaCl,
0.1~1.0mIA A>T\ %,

QEREMFE T T L REEF Yy PTRTLIE
Th, KiZ, aleulonef DA (0.1~1Img F.W.) %
# 2% L. k& grinding buffer 200 s1,
ptocthanol 20 z1, phenol/Tris 100 1A Y DK L
THAH1.5ml tubell AL B,

@ # F A ¥ Thomogenize L 7= 1% Imin vortex . chlo-
roform % 100,151 2. 30sec vortex LK F1210mini& < o

®15,000X g, 5Smin 0 L FiE & #H L \1.5ml tubell
3, RV iLEEA 7 7 A F T phenolffii
3N RT, WEE200 12T 5,

{2 {X grinding buffer
1% SDS)

2-merca-

% = 35

®) 1iE200 1125M NaCl 5 21, EtOH 600 « 112, & <
A, K EIZ30mindE < o

®15,000X g 15min 7% L KB % PR 5,

D80% EtOHTIEH L. AV — KNy 7 THET 2,

® Otigotex-dT30 Hl elution buffer (10mM Tris-HCI
pH7.5, ImM EDTA, 0.1% SDS) 40 xUZiENT,

2) Isolation of poly (A) "RNA

(DTotal RNA sample % 65C Smin incubate L 721%, %
B ok FIZiE ERNADaggregationk 12 &<,

@5M NaCl 5 ;21,0ligotex-dT30 10 pt & 2. 37C
10min incubated %,

®15.000X g 10minyZ Lo L, LiFEZHETLH, Lk ilelu-
tion buffer 50 z1. 5M NaCl 5 1z, & <@L
37°C 5min incubated %,

®15,000X g 10miniE L7 #E L FiE &R &, LB % elu-
tion buffer 40 £ HUZET 5,

&)65TC 5min incubate L 72f%, 15,000X g 10minya-L: L
FiEEF Lv1.5ml tubell & 5,

®2,3.4,508M4% 2 l#Y KT,

(DElution buffer Tvolume % 100 1129 %, Oligotex-

dT30% SE 4B < 729 (2 phenoldlil & 2047 7% 9
® L& iZpoly T -polyC 1« g, 3M sodium acetate 10 1,

EtOH 300 s 191 %, K F1230mini# < o

15,000 X g 20miny#[» L. LB % 20 10 3M sodium
acetate|Z7AfRT A, EtOH 60 w12 Mz & <AL
ethanoliLEE # 1T\, S lDH OB ET 5.

3) First strand synthesis

MPoly (A) "RNA % &8 & L 50mM Tris-HCl pH
8.3, 50mM KCI, 10mM MgCl, , 3mM DTT, dNTP
mixture (1mM of cach ANTP), 40pmoles (T) primer,
20units RNasin, 15units RAV reverse trans-
criptase, 15 n 1D LG F T2 S min, 42°C 1hroa
BRI E4T% 9, (Fig. 1)

@Stop solution (100mM NaCl, 40mM EDTA) %16 ;1
Mz ez fFkd 5,

4) Removal of (T) primer

(DSingle-stranded ¢cDNA (31 1) 1210% CTAB 1.88 «1
2Nz & RA, EiRIZ15 miniE <

@15,000X g ]5m1nJE4L\L‘ FiEER

@B 14 10 IM NaClIZERE S A, H.0 25 il
10%CTAB 1 1z, Eifil 15mini& <

®15,000X g 15minyELs L | EEZR,

Gt % 20 11 1M NaCUZED T, EtOH 54 xR
K 12 30mint&E < o

®15,000X g 20minizE.L L., LEZKE{
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Figure 1.
Scheme of PCR-based ¢cDNA Library Construction
(T) primer:5’GGGAGGCCCCTTTTTTTTTTTTTTTTS
(C) primer:5’ AAGGAATTCCCCCCCCCCCCC3
CTAB:cetyltrimethylammonium bromide
@D80% EtOHTikB 2 BEiF L. A — FNv &7 Tl @EDTA% 20mM, NaCl%100mMIZ7% 5% X 52Nz,
T 5, RIekEILT 5,
®5 u1D H0ZEREL . —20CICRTFT %, BCTAB%* 0.4% 2% 5 X ) IZMMA, cDNA% LR &
LTl 5,
5) Oligo(dG) tailing and RNA hydrolysis @B % 20 210 1M NaClIZiEE L. poly (dA,dT)
DSingle-strand ¢cDNA preparation %, 20 p 10 it % % 250nglZ . ethanol (LB CcDNAZ% BIINY 5,
(100mM sodium cacodylate pH 7.2, 4mM MgCls, ® LB % 20 #19 RNA hydrolysis solution (50mM
0.1lmM DTT, 25nM dGTP, 1Ounits terminal deox- NaOH, 2mM EDTA) 2i&f% L65C Tlhr incubated
ynucleotidyl transferase) T 37°C 30min® oligo (dG) VN

tailing UL 2177 5 o ®3M sodium acetate pH 5.2% 3 «11Z T, FFIL,
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EtOH 70 12 ethanoliLBE %2 4T7% 9 o
@ik % 80%EtOHTHkiE. kL. 5 u1DH0IZE
f# L, BPBZ 1« Z . ROBIEDsamplek 55

6) Removal of oligo (dG) tailed- (T) primer by elec-

trophoresis

(D1 % DLREL Sagarose gel ZFRT 5,

2 eDNAD agarose gel ~DIEFF R E L MIT 5720
|2, sample % apply 3 4 lane |2 poly (dA.dT) %
125ng apply L 20min prerun%477% 9 o

@sample & 2., 1 laned {7 CTH 1 Emarker & 18H O
2 fEEINA B, CV GEERE) 50V TH1.5hr ik
95,

@marker % NIz 7-lane & 3 F 2 W Z 7zlane & (28] ) B
L markeril 5 DA % EtBr T3 4,

(Gmarker & 72 & ) (2400bp L T MEE A U O BEL | &
Th,

®% & AL 25hr TEIKEN T 2o

(Pmarker & 72 £ ¥ 12400bp ~4kbp D LA GO L |
1.5ml tubel2F8 9,

® 3 K= D TE buffer # 1 2, 65C 10min incubate L
gel B B0,

Figure 2.

7
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PCR (Polymerase Chain Reaction) & V272 4 2 FEF— R DHLEA 5 DcDNA library#§ &

w #& = 37

@=ERIZE L, %8O phenol/Tris % N X vortex &
Iminfr7Z Vv, K EIZ10minE <,

15,000 X g Smini®-Ls L, EiFEZFH L 1.5ml tubell
%3,

@ % Dphenol it £ 477% 9

@ethanol LBz TcDNAZ BN T 5,

DBRO%ELOHT¥EH, 21 L. 10 u1OH0IZEMHY %o

7) Amplification by PCR*"*'

DOligo (dG) f$ N L 7z —A$cDNAZ . 10mM Tris-HCl
pH 8.3, 50mM KCI, 1.5mM MgCl,, 0.01% gelatin,
dNTP mixture (0.2mM each of ANTP) , 80 pmoles
(T) primer, 80 pmoles (C) primer, 2.5units Taq
DNA polymerase, 100 «1DFIEFH T, 94C  2min,
60°C 2min, 72°C 4.5min, 25cycles® PCREZ177% 9,
#E 3 mineral oil TE I,

@PCRIZT 1%, AKBE%1.5ml tubelZ & 1), phenolfiiti,
ethanol K BE % 17 7% WIEIE X L 72cDNA % LY 5,

Bikig, WL, 5 IOH0IZERT b,

@1 % ONLREES Agarose gel CERKEI 21742 90
(CV 100V, 30min) (Fig. 2),

B

Agarose gel electrophoreses of the cDNA preparations.
A. A c¢DNA preparation before size selection after amplification by PCR. 1 % agarose was used.

lane M. Size marker

B. A ¢DNA preparation amplified after size selection. Conditions are same as for A.
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®10 pg/ml DEBrie i gel & AL, 10min® T %,

®cutter knife T400bp A T OB A D BEL THR <,
400bp ~ 4kbp ? FEIK % cutter knife T 6 FE5S L. #
NFN1.5ml tubell & 5,

@65C 10min incubate L gel & &M L, £NZ 10 «l
% PCR®template L TH W, LD EHFT
PCREAT% 9

@7KE100 4«1% 1.5ml tubell & U phenol/Tris% 100 p1
Mz . 1min vortex L, 7K EiZ10mini& < o

®15,000X g 5minsE s L EiE % FH L\21.5ml tubell &
b,

@phenolffith. ethanoliLBX TcDNA % [N $ 5,

O, ZERL, ENEOHO0IERL. PELTER
KENC IR RER S,

8) Removal of primers and size selection of PCR pro-
ducts

@cDNA soln. % H,0T63 #1iZvolume up L. 1M NaCl
711, 10%CTAB 2.8 «1fllz . FHimiZ10mini& <,

@15,000X g 10min® - L, EiEZEBR <, LB %14 o1
DIM NaClZEfE L 7%, Hz0 25 ¢1, 10%CTAB
1 M2 FiRIZ10minE& <

®15,000X g 10mini-L» L, kiEZBRE, LB %20 11
D1IM NaCllZ MRS 5, EtOH 60 #1001 A . ethanolif
Bx1T7% 9,

@i, B L. 25 4 IDTE buffer | ZiEfES 5,

®SELECT 5Li2 & bgel 58 % 7%\, 250bpLL F D
cDNA K Uoligo (dG) & 17z (T) primer & Bxr <,

®ethanol LB TcDNAZ BT 5,

D10 1 | DHLIZERRT 5

5" GGGAGGCCCC (T )ss
3' CCCTCCGGGG(A)4s

Tprimer

57 GGGAGGCCCC(T)4s
GGGG (A) s

pBluescript gact(yXelXdeyIXuoduelehN (KW NIGGGAGGCCCC (T) 45
SK+ S LY TY 3= TCCATGGCGCCTAGGTACCCTCCe ] P 90N

Kpni 8amH!

Xbal Sacll Ncol
Sstit

Figure 3.

w4

9) Generation of cohesive ends and phosphorylation

O#2 ;g ®cDNA % 50mM Tris-HC! pH8.8, 5mM
MgClz, 5mM DTT, 100 «M dATP, 100 «M dGTP,
2 units T4 DNA polymerase, 50 u 1D RItHA T, 37C
20min incubate L , KImfEHi 2 177% 9 o

@phenolFHi i, ethanol iLB % 1T 7% \ eDNA % [ L |
5 ulDH0IZERT 5,

@ K 4 5 8 L 72 ¢cDNA %, 66mM Tris-HCI pH7.6.
6.6mM MgClz, 10mM DTT, 0.5mM ATP, Z20units
T4 polynucleotide kinase, 20 #1® I T, 37C
30min incubate L , 5" i @ phosphorylation % 17 7%
Jo

@65C SminfL¥ L BEFE ¥ RiF &€, —20CICRET
5,

10) Preparation of vector

(DPlasmid vector (Bluescript SK+) 20 ng#% #l| [REE
F# EcoR I, Xbal TiHILL, electro elutioniZ & »
[T %,

@ Oligonucleotide adaptor, 500 pmoles %, 50mM
Tris-HCl pH7.5, 10mM MgCl,, 5mM DTT, 0.1 «M
ATP, 20units T4 polynucleotide kinase, 50 x#1? )
% T, 37C lhr®phosphorylation#4T7% 9 o

@65C DIEIRMIZ10min AN EEE ¥ KIF & 721k, 1H
BEOAL v FEYHYERICTAS E THIE L.
annealing& ¥ 5%,

@ F ECvector & adaptor %, 66mM Tris-HCl pH7.6, 6
.6mM MgClo, 10mM DTT, 0.5mM ATP, 1,400units
T4 DNA ligase, 100 1 IG5/ T, 16T 18hr
ligation UL ZIT% 9 o

()Electroelution Tadaptor % 11 L 7zvector & AL L |
30 « 1O TE buffer | &R T %, (Fig. 3)

cDNA (G )y AATTCCTT 3/

(C)u TTAAGGAA 5’

Cprimer

dATP. dGTP
Klenow enzyme

(G)iaAA
cDNA (c)\;'rruccu 57

ligation with
a vector

cDNA (G )1 ANy oy W Hwiitmat tcact PBluescript
(€)13 TTAAGGAA WK e Iy awdlg t ga SR

Noti EcoRl
Xhof

Scheme of ¢DNA insertion into the vector. cDNA was treated with Klenow enzyme to produce 6 bases long cohesive

ends, and ligated with a compatible vector, prepared by ligation of double stranded adaptor oligonucleotides
(shown in black boxes) with Xbal/EcoRI-digested pBluescript SK+ plasmid.
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11) Ligation and Transformation

O F ¥, test ligation® 1T VectorlZxf$ BcDNAD
% % %, 66mM Tris-HCl pH 7.6, 6.6mM MgCl,
10mM DTT, 0.5mM ATP, 350units T4 DNA ligase,
20 ;) DO BUBFR T, 16T, 18hr Dligation I %479 6

@phenolfliti . cthanol LBt TcDNAZ XL, 5 pldD
KIZEDT

@2 u1 % electro transformation ' 12 & D IEEMV1184 %
TR T %,

@1X10° CFU/mIE_FEdtitertZ e 5 X 5 I 2scale upL.
5 & [EAR  Cligation BUG & e 2 1T% 9 6

12) Amplification of plasmid library

O#HE L 7znitrocellulose filter # LB-Amp ™~ plate {2 @
/. BEIB - 7z Silter ¥ EiK L F Uplate i D
%, Plate &filter D FIZZERAMNAL W E ) IEE
35,

@ Plate —402% 72 1) 50,000 colonies /500 w1127 % & 9
CEPE L. LB medium Tplasmid# H#E$ %,

@spreader & i\ > Thacteria suspension 500 z21 (50,000
colonies) #filter blZ¥g—i12F &, BB v—1L
DEZXTHTIEIEMTCBERTRKTEHRTES S
%,

@Plate® U < W3R LT37C T8~ 10MEHIKE % T 5,
Over growi{d 2174, ColonyDBEENE L Z0.1~
0.2mmilZ% o7 ZATHRER LD D,

LB medium % plate #1122 & Ami 2 . spreader %
v Teolony® 29 4 &£ ) bacteria suspension & 7§
%,

® ¥ ~ v k¥ » Tbacteria suspension % [ X L |
CORNING 50m] tubelZ#8H 5, 60% glycerol % final
conc. 15% 2% 5 L IR L CiRE S,

D—fb& & - Triter W H . FX 1 132m1§ DCORNING
2mi viall25ME L —80C IR FF T 5, T mikEETH
B Eb IS RETH D,

BRBLUER

1 A+ TR DaleuronefE 05 TH ] w gD
total RNADSTE S L5, poly (A) "RNAE THET 5 &
cthanoliLBE 12 & Dloss SRS SN DT, carrierk L
Tpolyl * polyCEH W7z, — /. poly(A) "RNADFEHEL
13 7 & O sample # 1.5ml tube % HH W THHK 2 %
oligotex-dT301X ZDEAFIZ & »TH F {HEREL 72,

cDNAE K, primer D&, oligo (dG) tailing, RNA
DA, amplification|E FEARAI 1213 A Belyavsky
et al. D HFEINES TIT R > 720 LA LCTABTT
13584 1 Zprimer & R4 C 2 9, oligo (dG) tailing & 11

7= (T) primer?®, contaminated 5 &, PCRIZ & V) i
< HEIE X #ligation SIS Tvector (ZHL AR F 1L E W
background* £ UEKH E L 72, 2D ENHLPCRE
772 9 B2, agarose gel REUKENIZ £ V) primer 2 BR & |
B IZPCRFRSELECT S5L& H\27ogel 5@ % 1T - 72,
Z DS, agarose gel@m Rk Eflevel THE4TI2250bpLL
T DOCDNADT I S e VAR (2size sclectiond 5 2
EWTHRETH > 72,

A A & ¥ aleurone B ¥ 2 B cDNA library ® Ampli-
fication # 1772 9 AT DR CTHLI 2 K10071 25 % %
aleuronefB4F EMWlibrary X KK/, FOTFHHEE
{3350bpDcDNADFAAT N TV 5 T & ZFER L 72,
—Ji. Z @Dlibrary {2 & Y random {2 12clone % pick up

(AL1.2.3.6,9,10,11,12,13,14,15.16) L., #
DIRFEBH 2Tz, TORE, ALIEALBIIR S 13
#7558 —~DcDNATH - 7z, £ 72, data base T
homology secarch % ¥ 72 & 2 A, ALI2 (X glutelin
¢DNA. AL16(dprolamin ¢cDNATH 5 Z & A HIBH L 7-
DA, Fg s 0 &9 BdataldfF o e d o 7o,

— . 4 AFEFH Haleuronkd, starchPEMFL % 478
L. #NZNAOLRNAZHE L, EXKEIIH2T
NorthernF#i&4T% 5 T &2 &), AL 1,6 ,11,13,
14,153 aleuron EAF A9 (Fig. 4) AL 9 101k A
DHMBRIZBHML TV LI EPHLNER -7, AL2,
SIZEL T TE R o7z, 2D X IZPCRE
X o THESE L 72cDNA library (& B 9FE TR AR 1912
83 L 2kbpHEIE F T full length ¢cDNA cloninglZ Fo75
EMORe L e R T I EAHERS, B, FhLLE
@ K v cDNA O cloning (& J5 B #9 {Z € 5 @ Gubller-
HoffmanEZ&: A2 WV 2 HsER & E 2 5 505, #lik
BRI T A DNARH D probe & X3 5 72012
3175 Td Y RO THE DY (0. ImgHr &)
75 T eDNA libraryEAURETH 5 Z EH7REN
R EEEETHD, —FH, T T/HRLAPCREIZE
DS L 72 IR LA AR cDNA library T 0 RM7,
RGL.RGSDFAZ G XML A, ZNENT %,
3%, 1% ThhH, THETIIHELLSIAMET
¢DNA library P22 Th 6 OFRFIOE G LY S 3
~ 5 RV AR L 72 (Table 1), ZH4LIZIE2 250
HlinZEzoNb, 20—21F, HEEDoligo (dT)
cellulose column®1EH U [Zoligotex-dT30% H W 725
12 & Dpoly (A) "RNADHE NS GH SN L, b9
—Dld, THFE TICHANBIAMED A % & O A
¥E& L7z library @ 720 1A B9 L2 fF i proteinaBl
DFEHUHED  mRNADFEEEI G R b L E 2
LENb, Blb, fEREICE DL library & X
L0 AR BT RBOBRT & EHEIC L TV
L2b0DEEZOLND,
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1 2

probe AL6 AL11 AL13

Figure 4.
Northern hybridization analysis to show aleurone tissue specific expression of the cloned ¢cDNA sequences. About

0.5 #g RNA was used for each lane. 1 and 2 represent aleurone layer and starchy endosperm. respectively.

cDNA inserts obtained from the aleurone layer specific cDNA library were used as the probes.

Table 1.
Population of Rice Endosperm cDNA Clones

population(®)

RM7 RG1 RGS

22DAF rice grain
cDNA library 1.8%2 0.9% 0.2%

rice endosperm cDNA library
from a single grain 7.0% 3.02 1.0%
RM7, Proramin cDNA; RG1,RG5,glutelin cDNAs
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PCR (Polymerase Chain Reaction) % iV 72 4 A HEF—RLOHBEA 5 DcDNA librarytHHE

Db, A+ T —R % /A < B L Sk £
library * T 5 Z LU EEE o7z, DI LMD
LIONEEROCTA A TEFRREREA L D SRR
TR EbOEEZ LMD, T2, ZOHEIR,
DK - ML level CHFRMICRBT A EMET A HETE
TLIOOWMNEFETH LI EHPERLFR,

HEE S JUBRS

REFFED /-G THAR, B s
TR &7, REHFZRFEBRYY RESABER
R LTS, b, EHERNTELZ M
4 A FEERIT AT gl L KRS A e L [ £ BR
HBIZBWT TR o7,

51 B XX ®K
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ABBREVIATIONS

bp base pairs

BPB bromophenol blue

cDNA complementary DNA

DAF days after flowering

DTT dithiothreitol

EDTA ethylenediaminetetraacetic acid
EtBr ethidium bromide

kbp kilo base pairs

kDa kilo dalton

mRNA messenger RNA

poly (A) ™ 3'-terminal poly adenylyl-containing

SDS sodium dodecyl sulfate
CTAB cetyltrimethylammonium bromide
Summary

We constructed a ¢DNA library from a single de-
veloping rice grain. RNA was obtained from a sheet of
manually peeled aleurone laver from one third of a
single rice grain. Single stranded ¢cDNAs were ampli-
fied using the PCR technique after oligo (dG) tails
were introduced on the 3'-ends of the single stranded
cDNASs obtained directly from the mRNAs. The result-
ing ¢cDNAs were ligated into Bluescript SK+ to obtain
a ¢DNA library consisting of about 10° individual

clones.



