-8 R G L (TR

L1k chie & 2 B4
SECE RSPt R R L

(crystalline) % 2%

Rl

fs (@amorphous) 84 %= 2 -k % 34+ (water-
insoluble) e i3t o ks LR Ad - B FRBLEFred 4
ul 5 20-30% 2 48k (amylose) > 12 %2 70-80 % 4&kk 45 (amylo-
pectin) - ® 4&jikks 3 & ¥ 4 840 1 22,000 # «-1,4linked glucose & i
Z > #ca-16branch points #74) = & B g iy » T8+ 2 5

136, 000~3.5x10° (Martin and Smith, 1995 ; Ball et al.,1996 ; Preissand
Sivak,1998) » @ L 4As RIEE § % R @-16 A~ L hifei o ¥

57 RENICHGICH = Ep AP hE LA AT  Ts T E

10°~10° (Sunet al., 1998) o % 4 s R ¥h B 4achA F > 7 A & =

M-

# 1 (1) Cchain> &#r&— 7 5 glucosyl «:% f =4 ¥ iF 5 glucantree s
¥¥5(2)Bchan> .4 Cchan4 & 4%k p 7i&- # &~ £ ; (3)Achan >
Ehtifan il > HAEL S 548 (B]- ) (Robineta., 1974 ; Martin and

Smith, 1995) «



cluster

Bl-  tedfiend L %4 Robineta., 1974

Fig.1 Branched structure of the amylopectin molecule.

1.2 s end & X L pipk 2

ik

Jops 2 & g2 ik L i B (photosynthetic tissue) 4-

F o0 HE R B (Sinktissue) 41T s BT B B g



(amyloplast) § # > 3 H § 4 = transient starch > 4 je 4% (sucrose)i& i% |

% £ 4 & sarchgranule 2 5% fEit i s -

(-) EFaECkHEP] L& & =Bk TPER

(1) ADP-Glucose pyrophosphorylase (AGPase ; EC 2.7.7.27) :

AAs 2 & 2 eh% - 3 1 & 1T 5 - Glucose-1-phosphate # %

= ADP-Glucose > ¥ 5 AL * -

(2) Starch synthase (SS, « -1,4-glucan-glucosyltransferase ; EC 2.4.1.21):
#- ADP-Glucose 17 a-1,4 glucosidic bond 4£ .4 1 ® 4& glucan chain 7
BRI A AFEAFTET 010 F 6/8SS i
Al (Caoetd., 2000) -4 %] 5 7 /3 £l 4> & = f= (soluble starch
synthases, SSSI ~ SSSlla~ SSSIIb ~ SSSIN) 2 ik it & Pk &
= f* (granule- bound starch synthases, GBSSI - GBSSII) - = ﬁ ry
%2 ADP-Glucose it 2 ¥ s A5 » 2t ¥ g -1,4-glucoside ih& & » e
X_GBSS# ® 4&jk#> (amylose) # & =% M > @ SSSPIILE F

581 5 4ok fs (amylose) %2 A 4dis (amylopectin) 2 24 £ =
(Visser and Jacobson, 1993)



(3) Debranching enzyme (DBE):
S8 L sdji s (amylopectin A j#2 &= > 1 & 18% LK% o-1, 6

glucosidic bond- #% % 7 &t Frenk L g (Myerset al., 2000 ; Nakamuray,
2002) - 123 H L Fendk - 44 & A & isoamylase (EC 3.2.1.68) %
pullulanases (EC 3.2.1.41) = #& > isoamylase ¥ * ** X 4akk 4 2 3+pE,
e 2 & 5% >t pullulan (- BE AT B> ¢ 7 01,6 2 a-144E%) >

@ pullulanases B i 4% 14 pullulan F 52 4 2 sk 45 & 4Pk R

;i) (Genschd, et al., 2002) -

H

(4) Starch branching enzyme (SBE, « -1,4-glucan-6-glucosyltransferase ;

EC 2.4.1.18):
AR TR LoKfEE 48N L 480k 2. a-1,4- glucosidicbond 0 A 4 2t

B hxpone sy BpE 0 FEEH 2 -1, 6-glucosidic bond #: 3 48
BY - iFa-14-F RpEL Y § 4 F 0 C6 hydroxyls 25 = 4 5Lk
fi > R 4akds (amylopectin) & = P i wip g £ & «hd d (Preiss

and Sivak, 1998) » § = 42 + SBE énf 473 » SBEI 2 SBEII it

2,
A ts o

(=) &8 (B-=):
=4 = Sucrose f¢ 0 iy A ¥8 (phloem) > 5 km

ko d B

_‘ﬂ



2 REenR M i fr (Invertase > B-D-fructofuranoside fructohydro -lase; EC
32126) #% > F 5L ML e F o Sucrose+ UDP 5 #E & =
A= (Sucrose synthase » UDP-D-glucose: D-fructose 2-a-D-
glucosyltransferase ; EC 2.4.1.13) # 4% = UDPglucose + Fructose »
UDPglucose %5 UDPglucose pyrophosphorylase (EC 2.7.7.9) # % =
G-1-P> £ 55 - A7 b ol RUEE T & = kok w5 ol e § ¢
- (4 & ) @ G-1-P & phosphoglucomutase (EC 2.7.5.1) # % &
G-6-P t¢ » & d transporter i& % 1 M4~ %8 (amyloplast) ¢ - f #& %
* G-1-P > G-1-P )& AGPase & = ADPglucose -
AR - 1 G-1-P %5 AGPase £ = ADPglucose @ & # 5 d #7k e
transporter & :x 1 Jikf- 48 ¢  (Smith, 2001 ; Emeset a., 2003) -
@ {11 ADPglucose » £ 84 » Sk & = fr (& 35 GBSS g« SSS)
& = ¥ 48k (amylose) {6 0 £ 5V A Mkds & = ' SSS~ SBE

2 DBE iT%* % [ & = & 48k (amylopectin) -



Ap Am
V' N
>S5 T GBSSI
SBE
Sucrose @ DBE
1 ADPglucose [ A Y } ADPgIUCOSE
UDPglucose I
Glucose 1-phosphate e <>> Glucose 1-phosphate
Glucose 6-phosphate e <>> Glucose 6-phosphate
Cytosol Amyloplast

Bl- - spehd 2 S o F  (Smith, 2001 ; Emeset al., 2003)

Fig. 2 The pathway of starch biosynthesis

1.Sucrose synthase
2 UDPglucose pyrophosphorylase
3. phosphoglucomutase

4. ADPglucose pyrophosphorylase (AGPase)

5. ADPGlc transporters
6. hexose phosphate transporters
Ap-Amylopectin; Am- amylose




N L DA Ot EEPAR S - ¥

ERiA PP doEcoli & H v wmEAY o FRG - BIEFE RS
ek X fF i &0 T E_ glycogen synthase (Baecker et al., 1986) - k@ » &
2w o Gd AF2 A0 BF G AL z’v’%\iﬁz’iﬂf?ﬂ]ﬁ £

(Sivak and Preiss, 1998) -

2.1 B s & 5L s ek 3% 78 (gene cloning)#= 3
Bl R 0 SEA TR FTT RS BESA T i ¥ RRE A
L pEe G familyA ¥ B = + 3 (Burtoneta., 1995) (- ~ =) -
m IR A f 48P 5 bl4e: maize (Boyer and Preiss, 1978 ab; Gao et d .,
1997) ~ Arabidopsis (Fisher et al., 1996) ~ barley (Sun et a., 1998).. % 3F £
v i’aa‘;] A > SBEIl 72— ¥ » 5 SBElla%# SBEIIb - &2 1‘#‘,“;‘] ' ie 1y
MR 1 (a) A~ w|d sbellaz sbellb = &7 e Flis 5 (b) iR
PAEDF BTN oA RAE (ZFMEZ2EFFM); () sbellb s
LR b4 h maize 2 sorghum #7 3 # IR FARILE T o o@
tbarley# 7 dgor 75 2 it? o d FPHEFTEFT FLF F 2HSBE
PHAFENIRPFRAY R IEFF VA IARFESPET > LT R

3 I 258 1 SBE %87 (7% o



4- - 7 k3488 family B 2 SBE B -7 ¢# §

Family B (4 % #ic SBEI & %)

fE % P 4h 54 v
SBEI maize Babaet al., 1991
Fisher et d., 1993
Gao et d., 1996
potato Kossman et al., 1991
Khoshnoodi et a., 1996
cassava Salehuzzaman et al., 1992
wheat Morell et al., 1997
kidney bean Hamadaet al., 2001
RBE1 rice Nakamura and Yamanouchi, 1992
Kawasaki et al., 1993
SBEI|I pea Burton et al., 1995




2 3 R fAA family A 22 SBE £ 4] 8 3

FamilyA (2 % % SBEII & 4)

e

ik

18

>

éj‘;@[,?%

SBEII

maize

Boyer and Preiss, 1978 a,b
Fisher et al., 1993
Gao et d., 1997

potato

Larsson et al., 1996
Larsson et al., 1998
Jobling et a., 1999

Arabidopsis

Fisher et al., 1996

wheat

Morell et ., 1997
Nair et al., 1997
Rahman et al., 2001

barley

Sunetal., 1998

kidney bean

Hamadaet al., 2001
Nozaki et al., 2001
Hamadaet al., 2002

RBE3
RBE4

rice

Yamanouchi and Nakamura, 1992
Mizuno et al., 1992, 1993, 2001

SBEI

pea

Smith, 1988
Bhattacharyyaet al., 1990
Burton et al., 1995




2.2 & %1% 4 (genestructure) 7 3
11957 B 42 i A FI A 7 S 2 o 47 0 ks 2 RS
TH SRR R EEE 0 ¢ 7 K f# a-14 -linkages shig & 0 B4
cyclodextrin glucanotransferase ~ a-glucosidases ~ -k % a-1,6- linkages =3
& L pr (isoamylase, pullulanase) % dextran glucosid -ase ~ 8258 a-1,4 &2
a-1,6- linkages =7 neopullulanase %2 a-amylase- pullulanase ~ 12 2 %22
a-glucan #& #% «r4 &L f= (branching enzyme) & #+px 3 4 4 fis (glycolgen
debranching enzyme) - 32/ o- amylasefamily » # & 7 # 5 hielit 7
(B/a)g-barrel domain % w i /& i 3R = enif-F ® B (active conserved
region) o &#73 o- amylasefamily éhfg% » » ¥ 5 ~ BIeip I 7 %o
& B 5 region 1 53 Asp,Val,His; region 2 <17 Arg, Asp ; region 3 71 Glu §r
region4sHis, Aspo 2 ¢ = i (j248) S E ¢ o (Jespersenetal., 1993
Svensson, 1994; Burton et a., 1995) -
2.2.1 (B/a)g- barrel domain (] =)
FHAd ~ B B-strands (Brg) % o-helices(agg) T 5 5 Bo/Bo....
@iy > R - 5t cha-heice (ag) 3t %~ B B-strand 2 {5 o
222 F i MRy % B (active conserved region)

B2 4 fE2 BT a- amylasefamily shpg 2 A7) > # bt B

10



BT MERE %S (conservedregions) % = S Y ¢ ows goiRil
fi& o Kuriki et al. (1996) 45 1 » BEchw B = T 45 it 2 A FF
& & E L > g dtedirected mutagenesis 7 3 #F 0 G S S
FFSAPD) 2 %= RFHGIU(E) » #xh e L fraiE it it
B ka0 B pper anie® 4]0 3 F % o Cao and Preiss (1996) 1] * i+ £
a2 R Arg(R) A F % & 1xE€ & | I ¥ » Funane and Preiss (1996;
unpublished) » 7zid His(H) £ A 7% & 0 & 14 o (Preissand Sivak,
1998)
223 %k B 512 N- fr C-2§ s 58

WL A pEIRAR A B AR & B N- oG o
Kuriki et al. (1997) 4% 2 45 1> 1% maize BEl & maize BEII 4% & 7} A& 7]
(chimericgene) = #5 et T7 Axde + cngk Bl - k5] it & fE 5
7w rh ﬁéﬁlf{& A A W B % ¥-maize BEI /9 C =4 2 maize BEII 9
C= 914 L ermaize BEII-I Bsp HI Qig %% L 7% 4 4] maize BEI
2 maizeBEIl #EH{ & 0 2 A F endd B 12 4rfo maize BEI 4p v > &7
NCHFATEENFRBE R 4 REL ; pdanig s (chain
transfer) § %% & 1 > # maize BEIl 7 N =4 2 maize BEl 5 N = & & » #7

# 4t e maize BEI-I1 Hind 111 = BEI 4p 17 > #& # #& &< glucan 4& > 4p

11



# ¢ maize BE |- Hindlll 4= BEI 4p 2 » #i 45 # & s glucan 48> 377 N
YAk R IEA RN 0 T CE N T i HAFT R enp it

fLae 4 ~ 4 2 LAk }i—%’l&f_’”ﬁ & Mo

12



/c;;

| TN A ==

7,
7

%
AESHDC

x B *
HSHAS GFRFDGVT GEDV3

N-termina arm

HO,

B SBEI

1 1 R, SAD HA. S5,
) ;
4 ¥ {4 ¥
* ¥
HSHAS GFRFDGYT AEUNT AESHDC

Martin and Smith 1995

= ~ SBEfamilyA & B 2 A Fl5 4k

Fig. 3 Gene structure of starch branching enzyme family A and B

B-strand 2 a-helice » w12 S% H 4 7
Black bars : conserved regionsin family A and B
Green bars : conserved regionsin family A

Brown bars : conserved regionsin family B
active conserved region of family A : HSH”/sS, GFEFDGVT, GEDVS, AESHDC

active conserved region of family B : HSHAS, GFRFDG"/|T, AEV"/e'/s, AESHDC

2.3 SBEII (family A)#2 SBEI (family B) £ 3|/ ch% 8

13



2312 8B4 6

(- )N 4

Fd ek vmE o+ $2 2 KB SBEYRAR B 5| X P Hen

F1 3 3 21> SBEI e N 24 /& 7] SBEI £ > SBEIl e7N =4 7 extrarN- terminal

domain”> @m SBEI B]# 2 (Mizuno et a., 1993; Burton et a., 1995 ; Sun et

al., 1998)- 124 Choy-Fasman algorithm g i¢|> }* domain ¥ & & flexible”

HA=z3 - &= B foprolines 2 (Burton et a., 1995) - N-termind

domain # i chE & 4419 % - Hoda R v e B SBE # # p¥ & B ¢ SBE

B2k 3 B 3k ff (Burton et al., 1995 ; Martin and Smith, 1995) -

(= )it 4% B-strand ¥ a-helice & 7 loop % #

Sl (E coli) "FpE A~ L s (glycogen branching enzyme) £ %
Kk A L B A S R IR s 4 B-strand 7 &2 a-helice 7
B-strand 8 ¥7 o-helice8 ¥ 7 —» o loop & & £ B X+ » &P F i &2
pE R ARG A A R R L R B (Jespersenetal., 1993) o
Burton et a. (1995) # % 45 ! » B-strand 8 & o-helice 8 ¥ e loop » 3 -
god 11 Befpe e 2 R 5] (TeQXLPYNGKY'P) % &t ¢ SBE
family A %% > ks SBEfamily B p44 2 - Takedaet d. (1993) # 7

PERGES AL EETF M %L IF P-strand & o-helice F

14



s loop §2 5L 48k R hiEKk (Jespersenetdl., 1993) -

232 Bt HHE G
Guan and Preiss (1993) 2 Sivak and Preiss (1998) 4 # @ 45 )

d > v amylose 2 amylopectin & SBE £ % K F > I * sk e 2 0 12
iodine £2 78 57 %% & A1) & amylose/iodine complex (ODggp) %
amylopectin/iodine complex (OD s30) * B = f& complex w3 2k & » 3 IR
% SBEI f£* T amylose/iodine complex s sk & < £ 5% 5 kRl £
SBE =1+ > % R & amylose 7 & SBEI &4 & < 3% SBEII » 4p ¥
amylopectin i€ 4 primer p¥ > SBEII 7% {2 0] 7 &8 + »+ SBEI> + # §_SBEIIb;
% & v SBEIl i 4% 14 amylopectin % 5% L5 - @ SBEI B i 4F )1
amylose & 7% AL ; Tekedaeta. (1993) 4F 4 ¢ 45 ) » % SBE %
amylose i®* % 3. SBEII it #& # 1 glucan chain $ SBEI ‘&> % % ¥ 1 >
SBEII i = amylopectin e 4&£ & #ik SBElI 7& - ¢ 7 fe enigiit 33 > %
¥ it ®_%] % SBEIl £2 SBEI & conserved structural ((B/o)s- barrel domain)

LB

Lo ER A LR S R

15



Ped | P AR | dsE R $HF b
SBEI! | amylopectin ek 4 & 427 amylopectin A chain & =
SBEl | amylose £ 48 i & %#2 amylopectin B chain 714 =

(Guan and Preiss, 1993; Takedaet a., 1993; Sivak and Preiss, 1998)

2332 L TR L R pr AL
f# 4= 852 (Northernblot): 4 w2z & SBEI 2 SBEII cDNA
PR F T mE T v v Y S I > SBEI (family A) EiE &
B 5 #p > @ SBEI (family B) % senps Pl (Burtonetal.,
1995) o p 4p fe eF-35 77 % 4 rice (Mizuno et al., 1992) » maize (Gao et al.,
1996) > wheat (Morell et a., 1997) » kidney bean (Hamada et a., 2001)
% barley (Mutisyaetal., 2003)..5 » # 7 & L ez B4 d] ajkds 4 & =

AR AR A L B E M E R C LR T A P‘??‘_}}?{.O

16



S pER kG A LI

Ji

3.1 & & (Pisumsativum ; Pea)

Smith (1988) #= 3 round-* wrinkled-seeded &= & "2.5 (pea embryo)
ET Y2 SBE Fmt - BARA L R AR A or(rugosus) A FRR
= Aui RR R Z ImAFA] o d L3y e it d SBE» 3 IR
round peas ¥ § = &4 F ~ ] 2 AL amylose it 4 F B 4EA] 0 @
wrinkled peas » 3 — & kv F - H &4 L chdFi2 2 round peas (hH ¢
- BRI R AT A RA SRR E M BLE T round
phenotype &% 5 2 ¥ en% # -1 3 4 @
wrinkled phenotype =% % i 14 & st #p 13> Jaip) SBE S enid B
¥ it &7 7% &% round phenotype 78 415 M -

Bhattacharyyaet a. (1990) :% &% & e 1 (rugosus, wrinkle) £k 3R
= o g owrinkled () #&+ 4 Z 3 &>t round (RR 2 Rr) f&+ h
SBEI £ 3] > Flet 3 i 2 & 1 SBEI A Fl ¥t r A FRN I o B
Burton et al. (1995) 1 * SBEIl +u48 (Denyer etal., 1993) ** v 718
A Qtll =5 cDNA £ R E (expression library) # & £ ) SBEII
cDNA ; & 2 Bhattacharyya et al. (1990) j& ¥ ¢ SBEIl %4 & 7| 5 4F

> d AgtlOcDNA A F1E ¢ & :E ) SBEI cDNA - SBEI cDNA 2 > &

17



% 3549 bp » # open reading frame (ORF) =& & %7 2766 bp > %5 d

922 B =i fe> & 7 875 B il cna # dv F 2 47 B 'R A fk chtransit
peptide s 37 = &+ B % -] % 99.8kDa; %@ » SBEIl cDNA F]4 £ 424>
BREF"ATG" » ¥ AL B35 2 ORF & B 5 2355 bp» %G
D769 BrRAM IR IY F oA F 2~ 5 87.7kDa- #- SBEI
22 SBEIl CDNA & 2. & 8 Jov o phs Pt 3 BLRE 7| 5%
HnL B oo F (1) + 3 SBEI # SBEI 1 N 44 > - £ 121 B
ik g en i 7] (N-terminal domain) o fedgiTet B 7 Cxieitis » 5 3
i i 4 ¢5 prolines (=% = 3 SBEI 1 113-115) » * ¢ 3 + £ ¢ serine -
I & d Chou-Fasman algorithm (Peptideplot ; Chou and Fasman, 1978;
Devereux et al., 1984) 4 47 5 7= &% f;& » 74P ¢t N-terminal domain
A2 "flexible' s o (2) - B2 11 @R e R 5] (EQHLP
NGKIVP) » &5 &> SBEI (644-654) - (3) 7 3 B g ¢t A pe W IR
% SBEII (298-300) - (4) # SBEI (590-599) 2 SBEII (496-505) F 7|
g > MIR"bresk" 35 - (5) - Fd 8 BIRAM A R P
(PEGIPGIP) - 5 &3 SBEII (669-676)- ¢ ¢t » #- SBEI ¥# SBEIl cDNA
WA R R SIS B B of B8 4 o R P14 4 40 glycogen

branching enzyme 12 2 . 3 ~ §&4 ~ 5 4% ~ % 0 SBE & £t 5

18



W o %2 SBEl Btk & 4 fF family A & SBEI pljFar 5 family B

3.2 ¥ & (Phaseoluswvulgaris; Kidney bean)

Nozaki etal. (2001) ¢ # & ¥ g e+ A4 - /& SBE £ 3] -
KBE1l ¥ KBE2: #» + & ~ /] » %] 5 80kDa 2 77 kDac 5 N =3 Z_F v >
# I KBE1 2 KBE2 srdp i B %% » N3 & 7] 2" [IPRPGAGQ
KIYEIDPSLLAYRDHL" « #-} BB 7|8 ~ PR ~ & ~ ] &
3K~ BAEZ RN SBEEH# | (SBEI, SBEIlla, SBEIIb) = £t % >
3 gz s family A ¢ SBE B 4 7] 4p 02 & 2% > ]t - KBEL &2 KBE2

fFages family A %3 o D470 - fi kv TV :rrx,ért 1A 3§ % 4 amylose

“——.F&

e 4 b H U Pt E B blde pH E - Tm &2 $R $Ff (cGitrate)
g4raps (C) hF ¥ 30idif > ¥ KBEL & KBE2N 4304 B 7
2B RE @ $ iz B 43 (W4 barley BElla BEIID) ¥ chp i &

% Fltins KBEL % KBE2 8.4 ¥ - A Flig & 1 keh o "§ 15 » Hamada
etal. (2001) ¥ :# KBEL, KBE2 € #7# % % PVSBEII2, PvSBEII2-1 » :%4=
T Ed PVSBE2 EF e sK3F > g TP P FeEF oo
MRNA 5 H4r » 27 F #4562 PCRF > 52 57 kB35 £F

FLE v H P~ ixfefamily A erfp i & (%% (4 & 5 pvshe2) » ¥ — i

19



Bl % Fe > family A (& & 5 pvsbel) - #- pvshe2, pvsbel & (F4F 44> * »+ i
Fd 2 LY 2 Fe i A gl mRNA #E Hen i FIR > & 2 g i >
£ B 7] % 3360 7 pvshe2 £2 2732 bp = pvshel - pvshe2 2. ORF (open
reading frame) £ & 5 2613 bp> %48 11 870 "=z fe (PvSBE2) ¢ s &
+ & %] % 99.8kDa; @ pvshel 2 ORF % 2544 bp i %45 ) 847 B =k
f: (PVSBEL) > 77 i & 96.3KDas & % | thiev Jf o 4 = S5 A 157
fp 4 Eprlp (DAF4~16) 2z 4 A L fscnd 0 B pyshe2 1 & 4 10

FEF 3 7 en? B > @ pusbel Pl & Rt aLEp o

/—/—/T

\—\
Jet
(w

%2 (mungbean) - & % Mignaradiatal. > e flere - o &+

/J\ )’:2 ~

o
Ed

g WER o EG LA 3 At o R E
N TALNSEEPEE B BB EBA AT LR L

1A SRS ERAVIRT > FRARF AR RE 5ﬂ'%‘3ﬁ

<
n’v}\

ey
7@
@
a2
=
)]
ok
=5

AHFE IS F o POR PR

i T omI s e (% RE e < i, 199)
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o 7% (VC38A) #d na m ¥l (SaH) 2 4

HEFTHEY S (AVRDC) £ FE~Ta 22348 351 - v

{

RS

\-\fllr

R R R * AL k% E &k VC2T50A > 5~k fd
(60 su/F#E) > FHE-REZ fd BHPEL IR AR EES
4 VC2768A » 7 5 < f8 (653 #/F#E) SR IGRIER A E
BeESd i RE - ELE 2T AREFEES 0 ERF 4562
DR OBRFEL S ETRES ARG ER L S EIZ I HE P ER
HETH FERAEAR S CFEBER O RRERSL O ARTLE
d o AREBEHDL S FFT WY F AW AT FLIRES o

SR Y MBS g0 ’Fﬁﬁﬁﬁﬁf'ﬁ’ﬁ-%f o R

) = ‘11 iy (J} FERD ’f‘—"iﬁ 17]=4 1992)

EAL G 0 BE X 46-54% Mk 2 20-26% 3¢9 H (AVRDC,
1975) » H 36 Fd 758 ~ § ¢ Bak L engvept (lysing) > 2 favs 5
A fergpic o AR L RIWE L AR B (Umetal, 1990) © % & Mk
PEFRIACER ISR E PR IrERREZ G A TR

W 5 g AR RFEREF 6 Sua (RERAR ) VBT T B B T

HenB B g i T ol Sop B K GO RS s e E Y
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(Li, 2001) > &4 %+ 24 £ &
FIEES G SR RE RS G ORI (A - 53))

PEISRIRS  FFGE 7-26umy RE T E

1"1\

7 (12-48 . m) -

RN

(Hoover et al., 1991 1997) » 4 f* ;8 & & & 65°C (Li etal., 1987) -

Mokt G o <BRAE SRR G JRTF o R

)

S
na
Bt
P
N.
=
7
S
o
i
(==
>
Y

fegd o BF B <AY

S

Fp >R BRSSP HRIEL HEES AR oM REGREF 24 iF2 o
TEFBRS ER o BAJREEA 2% o a0 F PR
AT T HER BB TAF O VRET MR X A PHE o
ARB<AFT RIS HERAEE BIABFEL T AL
HE AR el HE T SRR A i K 3 &

e oo BT B~ B i o i ?‘"};‘f MR F)F TR B, TUBR A

BARHY - A FP RSP LEE K- S EREA Y S

S 1 'rig—;v m Zhuetal, 1990 Eﬂ’? %’L i ’I’n dv 1 ﬁg\llfrﬂ&p y 2L

FEAHT LG AFPIAFNE FERP FARF S BRSO
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R > BT S % B R chi RS B amylose s £ 4

&y

At 1

=3 1

32-35% > $a- Hkk e 15-30% 5 % 0 & amylopectin s 1

»

Z

50 H
A A2

7

A LG RE R e RRARY AR RETRY T

C 4| (Hodge and Osman 1976; Li et d., 1987; Hoover et a., 1997) » 7]

PR = L= C A AT N S

BT AR A I 10T L Bl 4 R
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PI & A A TARRE P O

»

Bk E N AR BEASH R ER T T R E AT}
e R @ 3 R £ AR AR SR PR ERFENE
Gk d oo ARP M EEREL ESaETEY 1 Tsay et al.
(1983) A {18 2 B imIlgx e+ 2 R Bk & = 3 M p
% » ¢ FEsucrose synthetase, ADP-glucose pyrophosphorylase (AGPase)
% starch synthase (SS)’ # I . B 7= {é (DAF> day after flowering) 11-14

X 5 sucrose synthetases7i# 155 1 & 4 » Bom % 2. e f_AGPasefrSSih

AR H e 0 BRA gt R AR R PO SR R R R ijfuii

d 3wk L% Bk & = fF (starch synthase, SS) %2 % &

JK s & £ fF (starch beanching enzyme, SBE) &4 + 2 4 k& =t ch3f
2 o TP AR 7 1395 Tsay et al. (1983) R 3 > B~ p 3t DAF 14 (B
lAx) 2 Toa T8 B+ il $8sampbari

FrEE i AT ¢ 5 CDNA g 8 A 45 o
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FoR e

B W g

1.1 &
A= 3 (X DAF14) > a7 5% e (Mgnaradiatecv. Tainanno.5 ;
VC3890A) *+ g B ¥ :cadefhd At 7a Bl 2 - 4

Frt B0C/HKREY » ¥ d B BRI REZEEHES

12 # %

AT g 24 mE R ANTP(JATPR, dCTR, dGTR, dTTP) Rp
ABgene (Epsom, U.K.) - Agra, Ampicillin, Bacto- tryptone, Bacto-yeast
extract, NaCl (Sodium Chloride), MgCl, £ p Amersco,Inc. (Ohio, USA) -
SDS, Tris-base pt-p Bio-Rad Laboratories (Hercules, CA, USA) - Smart ™
RACE cDNA Amplification Kit p&p Clontech (Pao Alto, CA, USA)-DNA
1% % =.(Gen-100 DNA ladder) pp 3 % #2243 22 2 (Taichung,

Taiwan) - SuperScript "™ One-Step RT-PCR Systems f/  Invitrogen
(Carlsbad, CA, USA) - LB Broth Miller pi-p Athena Enzyme Systems
(Maryland, USA)- *2 41 fi= ECORI, Notl & p New England BioL abs (Beverly,
MA, USA) - EDTA (N,N,N*, N*'-Ethylenedi aminetetraac -etic) p-p USB
(Cleveland, Ohio, USA) - pGEM-T Easy Vector Systems, PonATtractB
MRNA isolation systems F&p Promega Corporation (Madison, WI, USA) -
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IPTG X-Gal - p Protech (Taipel, Taiwan) - FastStart Tag DNA Polymerase
f£ p Roche (Mannheim, Germany) - Agarose fp Cambrex Corporation
(Rockland, ME, USA) - Absolute a cohol (100%:### ), Bromophenoal blue,
Chloroform/iso -amylalcohol (24/1), DEPC (Diethyl pyrocarbonate), DMF
(N,N’- dimethyl-formamide), EtBr (Ethidium Bromide), Formaldehyde,
Formamide, Glucose, KCI (Potassium Chloride), LiCl (Lithium Chloride),
Lauro-sarcrosyl, f-mercaptoethanol, MOPS (3-[N-Morpholino] propane
-sulfonic acid) , Phenol, Sodium acetate, Xylene cyanol FF pp Sigma
Chemicals Co. (. Louis, MO, USA) - Glycerol fEp Tedia Company
(Fairfield, Ohio, USA) - Gel Extraction, PCR-M™ Clean Up System,
Plasmid DNA Extraction System f& p Viogene Biotek Corp. (Taipeli,
Taiwan) - IM110 ¥ &« F th £ EE (7 - o DHSapbp 54 2 H o @

(Taipei, Taiwan) -
13 REX#A
(1) » %k 32+ (Amersham Biosciences GeneQuant pro)
(2) ¥ ik~ % 2k 3 (Alphalmager ; Alphalnnotech 1S2000)
(3) pH pad& &+ (pH meter ; Mettler MP220)
(4) kT 7 A%E (Sub-Cel GT Agarose Gel Electrophoresis Systems ; Bio-Rad)
(5) % k4 ke (Speedrefrigerated centrifuge ; Hitachi CR21)
(6) i 4 ;% 2 F 3 & 44 (Orbital shaking incubator ; Firstek scientific S300R)

(7) #H:C 2T % (Rocking shaker ; Firstek scientific RS101)
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(8) ic& &% (Microcentrifuge ; Labnet 16M)

(9) 425 A= E (Ultrdfiltration stirred cell ; Amicon model 8550)
(10) it % (microwaveoven; + f TMO-2010)

(11) & A# iF - (Biological Safety Cabinet ; NuAire NU-425-600)
(12) #< 3% (MAXI dry plus ; Heto)

(13) PCR # % (Bio-Rad iCycler)

(14) -kip4c# B (Firstek scientific B206)

(15) % ¢k k@245 (UV Box ; Uvitec)

(16) = F#k (Autoclave ; Vertical sterilizer AS-3560)

(17) 2l % % (Mode captar ; Filtair 824)

21%3+513
FI* AFFL AT IRE A F R FHRE (GCGSeqWeb) &
TRk 2 A prAp 4= F R 71 (Lookup or StringSearch) - §1* MEME
(MotifSearch) 35 ! 5 7)< conserved motif » ¢ Reading Frame ¥ 3| 4 %]
¥ N,C-z52 Boigzgen- B Motif - Bk Sig =g 2 Motif 2 2 Motif 45 #

o BOE 7 4 wlEa Primer Selection s ¢ motif 4 3% 3+ reverse primer ~ d
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motif 2 35 % 2+ forward primer » #-35 3| #+ & % & & Primer 54 Blastn (/z

RE B ) AR L g4 o

Wik sl 3 o g 7 (Taipel, Tawan) & 5 & & o @ 5l30%

1513 > 1 DEPC-H20 41 -k 15 » #5%%-20C -

5 = 8 RNA z_ 3 B8 4037

3.1 Total RNA z_ 3é B~
$# % hotphenol ;2: %+ p Shirzadegan et al. (1991)

[ ]

1.5 P % e

2. Phenol ~ Chloroform/isoamylalcohol (24/1) ~
Phenol/ Chloroform/isoamylalcohol (25:24:1)

3.2M 2 4M LiCl ;3 %

4. 0.1% Lauro-sarcrosyl

5.3 M fis e i3 i > pH 4.3 (4 ks 33 & pH i)

6.80%% 100% iFp#
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[%

g

e i)

=P8 e (100mL)

Ea | 7 £ 2 ¥k R
Tris-base 1.2114 ¢ 100 mM
LiCl 0.4239¢ 100 mM
0.5M EDTA (pH 8.0) 20 mL 100 mM
10% SDS 10 mL 1%

[3-mercaptoethanol 0.7813 mL 100 mM

£ 02 50mL k% & Trisbases W HCI A& pH 3 757 > 4e x> H i3

B AR 0 Sk E 2 100mL R E 0 3 4T g o

[# 2]

eb,.
k3
N
o
3
=
4
\3‘
5)11 2y
?‘
-w
i
«‘#\-
\—:*
O‘I
a
-
>,
4
4&:;
s
=i
1
5
>
3
o

ME T o p-80CKRBI 4SBT » 4o »RIEF UFAH
FER kR ts o der b2 R &3 7% (M 5] 4gbean/40 mL) AT B
T o R EEE 2o o NS CRIEH Y 50 B
RTAFESES S FF 0 £ 4> U284 Chloroform : isoamyl -alcohol
(241) > RF 14~ 4> 4°Cr2 15000 rpm grs 20 A~ 4d o B0 FiR o
sv ~ Z 144 Phenol : Chloroform: isoamylalcohol (25:24:1) 27 1 » 4& >
*4°C 2 15000 rpm gt 10 A48 o * Bl bR o T~ B REA

Chloroform : isoamylalcohol (24:1) » 2§ 1 4 48 > »* 4°C 2 15,000 rpm
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oo 54 '2% phenol » ¢ #H ZRE4F = = > 3B F 50k o WIS 0 3T
ik Aer B4 AMLICTH R > B3 STOC/RE 1-2 ) P §T e RNA
Ak o $F >3 4°C 12 15,000 rpm &t 30 A 4815 sk d w3 2 10 mL
2. 2M LiCl > £ 12 15,000 rpm &g 10 & 48 0 7 & Ak 3% 4 » 5mL
z_ 0.1% Lauro-sarcrosyl » ** 2 BT BT A A RNA - R B d 2mL 2
Hro g g oo A4 Imb 2 100%iFpE 2 40 ul fspeis e (3 M, pH
43) F #3522 RNA T3o0 53 4re (9 1mL/E)? - dsidzif 1
S ST0OCAREE® 4183 4°C 12 14,000 rpm s 15 & 45 0 4 KT’
ik o P~ 80% PP e A 0 £ 3T 4°C 4 14,000 rpm ds 15 4 48
o2 R FR o B RS IR ARKS o ST - RNA LB 5 5 200
uL 2. 0.1% Lauro-sarcrosyl » £ ip] total RNA k& & 2 Aje/Asg +t 1B > &
BEF -80CH * o=+ RNA @ i 2 B 20ng total RNA 5 7 fgi¥ x %

hO03, e
L1y /’1\5@3;’%? °

3.2 PolyA mRNA z_ & &
RI2: % % 5.1 biotinylated oligo (dT) “.% ;3% T (20x SSC)
¢ 22 mRNA 3’z cripoly(A) tail 7 & 44 5 > @ biotinylated oligo (dT) ¢
f= SA-PMPs (streptavidin- paramagnetic particles) s & » £ f1* gz s i

SA-PMPs> 2 %75 % (0.5x 2 0.1x SSC) &2 % s b B > & (e 1Y
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Al

%

RNase-free -k #- polyA RNA % & ) & o
[F#]
1. PonATtract® MRNA isolation systems (Promega, Cat. No. 5200 )
2. Stock solutions:
a) 1.2mL : 0.5x SSC: 30 uL 20x SSC+1.170 mL H,O (RNase Free)
b) 1.4 mL : 0.1x SSC: 7 uL 20x SSC+1.393 mL H,0
c) 20SSC
3. 0.1% DEPC-treated -k
[ )
P~ 0.1-1 mg total RNA 4 DEPC -k I % %84 % 500uL > &2 65CT™ ¥
& 10 & 45 fs 0 4c > 3 ul oligo(dT) probe # 13 uL20x SSC»R &£323 (7
*ovortex) 0 B3R E PR 244K 10 A 48 - 1 * BiF $B- SA-PMPs
J 3@ 2 0.5x SSC (300 pL/=x%) 5?’-;‘36 SA-PMPsS = =t o #-2& i 43 ek 5B~ 3
SA-PMPs*® B3 » 2 8 T KR 10448 > G427 & 2-3 L 4adEds R 3 -
= o Mgk dE e vt SA-PMPs # %J ;ﬁ-;‘fé (GLE 7* &3] SA-PMPpélet) -
2 0.1x SSC (300 ulL/=x%) 5?’-:‘36 SA-PMPs = =% » # ",$ s i%i.’% o {4 12 100 pL
RNase FreeH,O p SA-PMPs 2 3t 4! poly ARNA » £ = 12 150 uL RNase

Free Hzo /ZF\,\ é‘:}/ﬁ\_ﬂ‘ pOIyA MRNA > /P'J‘ZR K E‘i: %’ A260/A280 L /lill =>20-

w & DNA 5 Boehfl] & 2 % i
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1218 3] e PolyA mRNA 5 545 » 1% 7 e ch51 5§52 77 59 3

41 F #ixpe-R & priadl F
(Reverse transcriptase-polymerase chain reaction, RT-PCR)
(%]
1. SuperScript ™ One-Step RT-PCR Systems (Invitrogen, Cat. 10928 -042)
2.SBE 48 1315 (10 uM)
3. 0.1% DEPC-treated -k
[# )

*02mL g g @ kA4 » 25 pl 2X Reaction Mix (0.4 mM
dNTP ~ 24 mM MgSO,) ~ 10 pg-1 pug polyA mRNA ~ 10 uM 7 sense %
antisenseprimer % 1 uL 2 1 pL RT/Platinum Taq Mix> & s 4r -k 3 50 uL
R E353 o 327 RT-PCR ek 4258 % %5 ¢ (1) cDNA synthesis and
pre-denaturation : 45 °C 30 min ~ 94 °C 2 min - (2) PCR amplify -cation :
94°C 15s(%14) ~60°C 30S(# &)~ 72°C 1-3min(x #) > #4F 35=
%k - (3) Find extenson : 72°C 10min- & = = {5 » B~ 2-5uL & +
BT AFERS ©

€
1 'R &ERd 513 chTm &2 - 4.5 ™ primer Tm 52 5-10 °C »

2. W W PR S 1min/LKb d 2i2c < eoDNA £ B id:-7_o
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3. § target DNA jk & # 14 p% > 3 4« PCR amplification 0 cycles #z -
4.2 % & fshaky 5 i (polymerase chain reaction, PCR)
[ ]

1. FastStart Tag DNA Polymerase (250 U ; Roche)

2. 10 X PCR buffer
3.dNTP: dATP ~ dCTP ~ dGTP 2 dTTP(10mM ; ABgene)

4.SBE # £ 4313 (10 uM)
(%)

*02mL Fs g @ kA4~ 5pul 10x PCR buffer~10 mM dNTP &
1 uL ~ 10 uM =7 sense 2 antisenseprimer & 3 uL % 0.4 uL FastStart Taq
DNA Polymerase (250 U) » /& & 353 {5 £ 4c » Template DNA (>500ng/
reaction) » F {$ v & FPK T RMEAFE S S0pL - 27 PCRF &> 512 5 1 (D)
95°C 3min-(2)95°C 30s~60°C 30s~72°C 1-3min-> £ 4§ 35 - (3) 72
C10mine B 2-5ul F B & $ §a T A FELn o
[#%:x]
BRI ERERE 2mM (- &iER E 1.5-4mM)

4.3 P-ig x4 cDNA %z 5 7|
(Rapid Amplification of cDNA Ends, RACE)
[ %]
Smart ™ RACE cDNA Amplification Kit (Clontech Cat.K1811-1)
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TE buffer: 10 mM Tris-HCl ~ 1 mM Na-EDTA
Tricine-EDTA buffer : 10 mM Tricine-KOH (pH8.5) ~ 1 mM EDTA

[# =] 5’RACE

1.£ = % - 3% cDNA
P~ 1-3 uL (50 ng-1 pg) polyA mRNA “c » 1 uL 5°CDS primer % 1 pL
Smart 11 Aoligo > 4c/@ F"k T 3 HM 5 SuL o > 70 Che e 2 4 485 >

kg 24 480 £ 4 ~ Mix reaction (2 pL 5X first-strand buffer~1 pL 20

mM DTT ~ 1 uL10 mM dNTP Mix ~ 1 pL PowerScript reverse transcriptase
(200V)) » k84 5 10pL - iR £355 > 32 42°C T F g 1.5 pF
12 100-250 pL Tricine-EDTA buffer (kit *t57) 3> 72°CF B 7 » 48

o Helf TV o pIEEREES 0 B33 20T -

2.:2 7 RACE PCR
B~25uL & =2 % - 3% cDNA » 4 » 5 puL 10X Universal Primer A Mix
(UPM) % 1 uL antisense (reverse) primer {¢ > 2 £353 » £ 4 » MiX
reaction (43.6 uL ;& &k ~ 5 uL 10X PCR buffer + 1 uL dNTP Mix (10
mM) ~ 0.4 pL Taq DNA Polymerase ( 250 U)) » 5484 % 50 pL - i& {7 PCR
FR iEEL 194°C55-68C 10s~72C 3min» £4f 25-35=x - B~

2-5uL F A B T AR ©
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poly A+ RNA 5- mmmﬁm:ﬁﬂﬁﬁ#r
A

BD SMART™ first-strand synthe zis

e
RNADNA hybrid |, _ et

HEAAARE-T
HETTIT T ¥

RT template switching

i

5-RACE-Raady cDNA - — rf.“#'ﬁ#i,i_u

l %'-RACE PCR

¥ - I AR Ess aa s -

=
- C TTTTT=-5

Firzt round of PG
Incorparation of supprazsion
FCR invertad repaat
alamantz; ——

by Long Wniversal Primar

-k JBAARE A T
!Gﬂ'l
- VTTTTT=S
l Eannnd rnqu of PCR
ana-ape cific synthasis
F - T -Jﬂ.l.i_l.,l..l:.—_rl'
Short e
F-i—I_LF
Remaining reunds PCA
l Amplification of 5’ fragment

PR ee— —
T- 5

Double-stranded 5 -RACE fragmant

Bz ~ 5’-RACE & J& 4841
Fig. 4 Detalled mechanism of the 5-RACE reactions.
3. Nested PCR & &

% primary RACE PCR & {8 (h & # 5 smear 3 % F¥ > 4] * TE buffer #-
A 4 f-fF 50-100 & 1F 5 #047 » o © 4rehh 5] ¥ SR AR 5 ek B
FR 313 (GSP) > fie &£ £ 2. NUP(Nested Universal Primer A) » £ =&

217 RACEPCR » B~ 2-5 UL F Jo A 1 88 T XA ©
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[#2] 3RACE :

1.£ = % - 3% cDNA

P~ 1-3 pL ( 50 ng-1 pg ) polyA mRNA 4r » 1 pL 3°CDS primerA { > 4v =

Bk T S S SuL ot 70 Che e 2 A 415 > B0 kis 24480 1 4

»~ Mix reaction (2 pL 5X first-strand buffer ~ 1 pL 20 mM DTT ~ 1 pL 10

mM dNTP Mix ~ 1 uL PowerScript reverse transcriptase) * 38 = 10

uLedgwi® £353 -42°C~ & & 1.5 pF > 12 100-250 pL Tricine-EDTA

bUfferﬁ%"ﬁ » 3 72 CF f@?ln\é’&]@ ’r.‘:}E\_ ﬁi?f' I O/PJEE_L_II— 3

L 24
E {s °

w5 20 -

2.:2 7 RACEPCR

P~25ul & =2 % - 3% cDNA » 4 » 5uL 10X Universal Primer A Mix

(UPM) % 1 uL sence (forward) primer {$ > j& £353 > £ 4 » MiX

reaction ( 34.5 pL = Fk ~ 5 pL 10X PCR buffer ~ 1 pL dNTP Mix (10

mM) ~ 1 uL Taq DNA Polymerase ) » %484 = S0 uL - i&{7 PCR * J& »

2L Y .

25 194°C55s-68C 10s~72°C 3min> £ 4§ 25-35 =t B~ 2-5 uL

B R AFERS ©
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paly AT RHA 5 A AR AR AR BAAAR A T
SHETT TTTE—T!?

]
l Standard first-strand synthesis
e = B[ SMAART 1A sequence

¥ 'HAEE-HBEI:I'!,' cOMA & - A AL AR LS A

VTTTT T3 5
[ 3"-RACE PCR
5 AR AT ELS AAA T
G2

T _ HOTTTTT; v
First round of PCR
Gene-gpacific synthasiz

=————————HBAMAA T 1

T-r FTTTT T ——-5
MNext round= of PCA .
Incorporation of supprassion
PCR invertad raps at
al amnarts:

_= i
by Long Univarzal Primar
¥ e NBARRR A ——

x- %ﬂﬂ TTTT s ———- ¥

|

5- HEARARS T

¥
= EﬁP

Tee=—o——————— i TTT TTy e &

Femaining rounds of PCRE
Amplification of 3' fragmant

e ——— =
FE -5

Dauble-stranded 2'-RACE fragmeant

BT ~3’RACE & &4
Fig. 5 Detailed mechanism of the 3'-RACE reactions.
3.Nested PCR * &

% primary RACE PCR & {8 (1A # 5 smear 3 % F¥ > 4] * TE buffer #-
A 4 f-fF 50-100 & 1F 5 #047 » o © 4rehh 5] ¥ SR AR 30 ek B
FR M3 (GSP)Ee & £ 22 NUP (Nested Universal Primer A) » £ =t i&

T RACEPCR » B~ 2-5uL F & & 4788 7. A FER ©
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4.4 DNA g2 i3 2

=

1. Ultrafree-DA (Millpore Cat. 4260 Bedford, USA)

2. PCR-M™ Clean Up System (Viogene Cat. PF1001)
3. Gel Extraction (Viogene Cat. EG1001)

(2] desos 3R

$EIAP L H - iFpF . B B2 PCR-M™ (Clean Up System

FoME iR XTI 2T R

A 4 & 1 Ultrafree-DA 2% Gel Extraction i& 7 i it o

1.72 Modified TAE buffer (40 mM Tris-acetate~ pH 8.0° 0.1 mM Na- EDTA)
W PR &S CEBrgd s UV AR T P ERIE R
~ column > 5,000 xg &t~ 10 4 48 > Jc & Vid ¢ 248 > plHE sk @y

B 2-5 },lL ‘&a};}i El‘.p,\_;”‘ ’J‘ fs IFE] -20 C

2.7~ 10-100 uL PCR # #* §= 0.5 mL Px buffer ;& & 323 » #- spin column ¥

2 2mL B AL Y > 4o~ &4 (5 = p 426 0.7 mL) 13,000 rpm

oo 1 a4 F 3w 0% 2t BF DNA & e £ column + 2. membrane
1 A
=3

o ¥ % » 4v » 0.5 mL WF buffer » 13,000 rpm &t 1 4 4578 » & 3

=
"L

» £ 4e » 0.7mL WS buffer » 13,000 rpm &< 4 & 45 (5 > #-spin

column ¥ ** &7 1L.5mL 3o ¢ » £ 4 » 30-50 pL = Fok 0 2R 1-2
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& 480 13,000 rpm & 2 248 0 e B 77 DNA 23 8 > 2 FEAF

S ol Bt 2 vk (B & Be 2-5 UL B RAEILA L 1 2t -20°C -

3. ¥ RT-PCR ~ PCR ¢ RACE # # i3 1%% A & $7/x:0fs » > T p & 5
BB ISmL g s g @ & F A7 7 AZE 300mge 4e » 0.5mL
gdl solubilization buffer (GEX) » »* 60 ‘C-kig # % 10-20 » 45 > T *}
M= 27302 441 28 o #spincolumn ¥ ** 2mL fic & s g @ o
dv R RGO (F =0 5 AgaF 0.7 mL) o 2 13,000 rpm B 1 A 4 0 F
Fom A ot DNA H e 22 column 2. membrane & £ - e ~ 0.5
mL WF buffer>13,000 rpm &g 1 4 4518 F 3 o > 40 » 0.7 mL WS
buffer » 13,000 rpm &g« 30 #;t¢ % 3 7w d1 > F 2 13,000 rpm 3w 3
A AP A “,ffi“} ¥ chethanol - #-spincolumn % >t 37en 1.5 mL 3w
B 0 4 » 30-50 uL s Fk o 2R 2 448 0 13,000 rpm s 2 A 4
Yok 77 DNA 23 3% > BIH R E 2 B3 Fin s [ 180 fEs > -20

OC °

$ 1 & CDNA 2 &8 A %

5.1 T-A cloning
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(2% ]

1. pGEM-T Easy Vector Systems (Promega Cat.A1380)
2. Competent cells: DH5a % JM110
3. Gl extraction kit (Viogene Cat.GF1001)
4. LB broth Miller
5. Agar
6. N,N’-dimethyl-for-mamide (DMF)
7. IPTG (isopropyl-B-D-thiogal actopyranoside)
8. X-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside)
9. Ampicillin solution
10. NaCl ~ KCI ~ MgCl, ~ Glucose
11. *T4|f% : EcoRl ~ Notl (10,000 U/mL fi% % = |28 )

[%&pi]

1.LB/AMp H it % 4 :125gLBbroth~7.5gAgar /% f3*> 05L -k # >
/& F] 0 4 4r2 B5°C > 4r » ampicillin £ # k& 5 100 pg/mL > ) » 85
CME SR Ax ¥ » 533 47T -

2.LB i fiss % # 1 125gLB broth 73 f#** 05L -k ¥ » & ] > #5320 4
C o3 * o4 » ampicillin £ %)k & 5 100 pg/mL -

3.LB/AMp/IPTG/X-Gal F ik % £ & LB/AMp FiA R £ A+ 353 40 »
100 uL IPTG (0.1M) % 50 puL X-Gal (50 mg/mL) » & * prpe 4l o

4.01MIPTG: 1.2gIPTG 3> 50 mL & -k & 12 0.2 um filter #E i * #

ImL »%- ¢ > #3w47C -
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5. 50 mg/mL X-Gal (5-bromo-4-chloro-3-indolyl-B-D-galactoside) : 100 mg
X-Ga 3% 2mLDMF > 14es5A & dgrk > gt -207C o

6. Ampicillin solution (100 mg/mL) : 1 g Ampicillin 7%+ 10 mL & F-k &
12°0.2 um filter ¥ » & 1mL & %- F > & 53 -207C -

7.S0C 82 % i (% fisz % #) (100 mL)

=2 | 7 £ 2 kR
Bacto-tryptone 29

Bacto-yeast extract 05¢g

1 M NaCl 1mL 10 mM
1M KCI 0.25 mL 10 mM
2 M Mg?* stock 1mL 20 mM
2 M Glucose 1mL 20 mM

B~ Bacto-tryptone - Bacto-yeast extract ~ NaCl~ KCl 4c-k 3 90 mL
04 42 338 4 » M@ stock 2 Glucoser 3 pH .1 7.0
K

£ 3 100mL > 2 0.2 um filter &g > #3534 °C
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Xmn | 2002

Mae |

Sca | 1890 2707 -
1 start
f1 ori Apa 14
Aatll 20
Sphi 26
Bstf | Ky
Amp" Nco | 37
pGEM®-T Easy jacZ Bst7 | 43
Vector T 1 J"'-."CII_l 43
(301 E-brlj Sacll 44
TooTr EcoR | 52
Spel B4
ccoR | 70
Mot | 77
BstZ | 17
) Fst | a8
orl Sall a T
Nde | 97
Sacl 109
gsrx | 118
Msil 127
141
SP6

®- ~ pGEM-T Easy {“# % 1% (Promega)
Fig. 6 pPGEM-T Easy Vector circle map and sequence reference points.

PCR 7 Ji- * »Taq DNA Polymerase ¢ % DNA 73" & s 4c + % 1 3F

o} mHJ]u* # f(A) - pGEM-T Easy Vector :-» MCS (multiple cloning site)

a;

SR G - BT (3 lacZ A1) T #4E ~ DPCR A B i 7

R

FR % 9 BRGE2EILF btk o

1. PCR A 4 % i @ 44 4 34 1% A A 1/ > > T B2 17
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Gel extraction kit #-*» T 3 B AL > Pl sk 7§ 2 L X AEIL S
,J\ o
2. Ligation (3% &) : #-4 it 14 th A 4» 22 pGEM-T Easy Vector 2 3: 1 gt
PliE RS F R (B3 ul efk &4 1 pl vector (50 ng)» & & 4c ~ 5 ul
2X Rapid ligation buffer 2 1 uL T4 DNA ligase (3 U) » £ #c = F’k T 3
RA L 10l > 2T EF 1) RS > ACHRRF Ik -
3. Transformation (& 35) : ~ %]~ 5 uL ligation reactions *r » 50 pL 2
Competent cells (DH5a 2 JM110) & &£353 {5 » B3 okip? 20 & 48
{8 »42°C 4 # 40-45 §) (heat shock) » & F ikip 2 & 48 o ¥ 4r » 950
UL SOC 32 %7 » > 37°C ~ 150 rpm 2.3 % 15 ] p&is > B 1mL
% £ LBIAMP/IPTG/X-Gal Hlizss A A > 37T TR A AR o
A4 Fv &F I FAE e ¢ k) w DNA EF 5 4£3] vector >
F R ¢ FE (positiveclone) % 7 DNA @ 43| vector + - #-plate
+ 2 positiveclone #4835 2mL 7 LB & i3 % & ¢ - 37 °C ~150 rpm
RIEREA -
5. # P F 4 DNA : /| £ # P F 4 DNA £ = (Viogene) # F|« 44
DNA > £ 2 *14|f% (EcoRI & Notl ) 1£% » #-4& » §*48 F 2. DNA *

BRI LS - W ER AL L IEHR K R o
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6.5ir /4 ik s ¢ MR E R B 20 UL 4 2mL LB iR fi 22 & A 0 2 37
C ~ 150 rpm I F =35 % o B~ 800 uL Biv ¢ 200 L 80% glycerol

%352 -80°C -

5.2 # %8 DNA
Plasmid DNA Extraction System (Viogene Cat. EG1001)
=D
P-15mL jFik dpes 24 4 0t iR 0 4 250 ulL MX1 buffer #-
pellet = 73 215 » 40 250 uLMX2 bufferi® 3 » 28 T F 5 1-5 4~ 48 -
4 > 350 uL MX3 buffer i 5 t5 > 13,000 rpm &~ 5-10 4 48  #-+ i
P~% column @ > 13,000 rpm &t~ 60 #;F 3 i A1 0 4 0.5 mL WF

buffer> 13,000 rpm &< 60 ;2 3 iix 117% > £ 4 0.7 mL WS buffer- 13,000

\“‘E

rpm g 60 F5F R om Ak > 23 3 4 48 - #-column B3 - Rrendpe ¥
B s e 100 pL s ok 0 B8R 12 A 475 0 13,000 rpm gt 2 A 4 o
T8 7 7 78 DNA 253 #ip » Rl H sk i 0 3 0212 e 7 338 17 DNA
T T 0 FEIRE RS > 3 3-20°C o

i R S PE:

6.1 DNA ‘X % 88 7 A & 477



[#58:9]) -5 * DEPC-H,0 # F-k # 72

1. 50X TAE (100 mL)

P | 7 & £ ¥k R
Tris-base 2429 40 mM
Glacial acetic acid 571 mL 20 mM
0.5M EDTA pH 8.0 10 mL 1 mM

fo k22 2 100mL - RAEEmR-FR S IXTAE # #

2.6 X Gel loading buffer (10 mL)

B2 el 7 % £ ¥k R
50 % Glyceral 6 mL 30 %
2 % Bromophenol blue 1mL 0.2%
2 % Xylene cyanol FF 1mL 0.2%
k221 10mML RF30 44 F ImL A% r* -20C

3. &% (1%)

= | 7 & £ ¥k R
Agarose 0.3g 1%
1X TAE buffer 30 mL

P~ agarose 4 » buffer » ik 4o #75 f216 > "3 2 60 C» R E&323 >

4. EtBr % & (10 mg/mL) : P~ 10 mg EtBr 4 1 mL & /K5 2 - ¢ B4R

e B (BR) BT R o
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5. DNA 4+ £ £ 5 ( Gen-100 DNA ladder ) : 100 bp - 3kb % 13 % DNA

FE0 ER G 0.12 pg/pl o

(=]
R E 2 T 0 s ¥ 300mL IX TAE 1 F A%
1 > # DNA 1t &4c » 1/10 84 «rloadingdye 2 £ 323 15 » i1 » # &
R 75 REEF A FAB AR PE YR 23 AT R

EtBrigiv4 ¢ » R UV 2T BZDNA & & -

6.2 RNA ¥ fEiX M7 A o 472

BRI RNA §7 BERMAIE > 7B - 54 L2734 RNA &4~
FAABR VAT RNA Z 2B o P REE SR L

[ & 8l] -$91 DEPCHO 7# 5k 3 e
1. 10X MOPS (1 L)

B | 7 £ 2 ¥k R
MOPS 41.2 g 0.2M
Sodium acetate 6.65¢ 80 mM
0.5M EDTA pH8.0 20 mL 10 mM

4v-k 3 800mL > 14 6NNaOHF’$ pH,J_ 7.0> Q‘E“T‘loooml_’/f\‘*ﬁj‘].
BRRER S o RAEEER D HFRL IXMOPS i * o

2. 10X Gel loading buffer (10 mL)
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E2 el 7 £ 2 ¥k R
Glycerol 5mL 50 %
0.5M EDTA pH8.0 20 uL 1mM

2 % Bromophenol blue 2mL 0.4 %
2 % Xylene cyanol FF 2mL 0.4%
ook 23 10mL e R F 30448 F Iml A% #5550-20C

3. % (1.2% Formaldehyde Gel )

;4%‘ 2| ;ﬁ% £ z kR
Agarose 0.36 g 1.2%
DEPC-H20 25.5mL

10X MOPS 3 mL 1X
37% formaldehyde 1.5mL 22 M

B agarose 4ok o Mok b #IR RS 0

formaldehyde > /= & 353 > ] » 459 %

AF(H 30 A )T

232 60°C » 4 » MOPS %
R AR R RSN

4, ’H:r-r'ﬁl‘ 2@1_‘1

e &l 7 % 2 ¥k R
RNA % & x uL (20 pg)
DEPC-H20 (4.5-x) uL
10X MOPS 2 uL 1X
37% formaldehyde 3.5uL 0.22M
Formamide 10 uL 50%

M L3330 60 C-kif 10 ~4518 » = Tkip 344 (LR - &5
#) > £ 4 » 2l 10X gel loading buffer 2 1 ulL 2. 1 pg/ul EtBr -

[13E7)

TANER* R AEE 3%H0, 3% 10 ~ 4818 - £ 14 DEPC- H,O

47




B H AR E T AR Y 0 4o §300mL IX MOPS 1 E A%

1o 8- RNA R &L~ RSN 0 75 REFR T LA FRAAE T

N

R 23 T w b > 1 DEPC-HRO jfixd tf 5 4keh® g > 15 2 48

ez I o E R UV ETEZRNA G & o

% = & DNA E 7|4 47

FIPEAFLFPHEEY CPREATHE 0 R ABI
PRISM 3100 genetic analyzer and ABI PRISM 377-XL % % >

Dideoxy-Mediated Termination i 32 + & °

7.2DNA FE 7] #F 4 47
7.2.1 NCBI (Nationa Center for Biotechnology Information) Database

e xk - www.ncbi.nlm.nih.gov
Blast-#-A frenf 78 » THLE W > 30F T o 7 4y cne Fofp LR 7|

Search-# 45 & 7 s74p B 731 » bl4e accession number ~ 4~ 4. % ¥
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722 MypdFE2 AL IRE £ 3+ B 74 47 GCG
(Genetics Computer Group) Seqweb Database
4 =k gcg.nhri.org.tw:8003/gcg-bin/seqweb.cgi

Pretty- 7 15 B 7|2 £ & > 3@ 21 4p 2 (consensus) 5 7|
FrameAlign- 7% &+ &2 #7142 "2 B 7| ¥ R

MEME (MotifSearch)-& 35 & 7] 2. % % § |+ % &
GrowTree-4 +7 4= # [ erajg it B %

Map-3 45 'L 4 s 27 1=

Primer Selection-% #5 & if 151 3

Trandate-#-1%pe & 7| F 5 30 F 5 7

Revarse-# EE F w 2.3 4 B 7)
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S ~ S & =12
% = X ,ﬁ";%l’_‘;f/\

7 N

¥ - & RNA e ot 2 4 47

s & total RNA =% &% * & > &4~ 12 Clontech NucleoSpin Plant Kit

F1* column centrifugation = ;8 X B~pF » ¥ ipd 3t S T BLE

lﬂ\

: f6
SR F BB YRS D YRR B0 46.3% (Ko, etal., 2004) 5 113 A
P F1¥E 3 column F B AT B G @i g es 30 RNAC 2§58 o
% Shirzadegan et a. (1991) sr 2 4] * & %Lz Hot phenol ;2 4 B~ total
RNA > 4 @5 E5ens Bris 9% > ja% % 04mgRNA/gbean >
& 1.29%7 R T A 470 LR T 28S 2 18STRNA X "% fR2 1354
(B ~) > mEE 33 4 en& > £ & * poly dT column i& {7 Poly(A)

MRNA % it 5 (7 3 mRNA 2 16\260/,5\280L [T 20(2\ ) ’ ‘1/{:‘?\ =

0.006 mg mRNA/ mg total RNA » 12 gt i® 5 cDNA 5 78 erficds o

»
>
o
}
\3’

- & % B A L pF cDNA 2
W% 2l » L5 CDNA Bz Em s 2 5 Z FRE F]’t?

7 SBE %< % B K 3l 3+ 2 RT-PCR = 2 £ - £ SBECDNA % 7>
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L 2453% 5 DNA B 7] A B3t H1T 52 a2 - B3l > 27 5
RACE{r 3 RACE % @ & x4 B 71 » £ BIEE > & 2 cDNA A7 %% =
ek 8% s SBE £ #3411l (Mrsbell) & 2 4:3] 1 (Mrsbel) 2 > &

CDNA » 4 i 4o o

2.1 :% 72 \wsbell cDNA

211 RT-PCR
v itz % 8 polyAmRNA G 4 f* F1& RL315 (&) &

7T RT-PCR F & > 5B2~AF 1U25(2uL) TR A2 72 43 » FIRLEF I
- B2 08kbDNA £ » fe F2n8 %35 » 2 B4 F{H {8 iva
B o Fpt #-4 $ 12 PCR-M™ Clean Up System i¥ 4 it » & (v 44x » £ =
I* Flgr RL315 » 27 PCR* = 5 5B % 125(2uL) T3 x4 47
BrAd s ER- L EER B A BY R ARNE 5 08kb0.35kb
£ 01kb> H ¥ F15 0.8kb + ] 8 B (B4 ) £ &4 RT-PCR # 3|02
Z AP LAk (B 7] NE Vrsbell-0.8) » Flptsr I 3 it iE 2 /oo 5
WEFTAEVHE > FRE bell B GApin o @ EE L P B s

" 4395 Vrsbell-0.8 132 54 B 5 » %3+ 1) RACE 4r 5 RACE #7
T3 > Au L F22 R5R6-.

pLhs iR R - PR EOE 1F ehiz < Vrsbell- 0.8 cDNA» = 12 TA cloning
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* ;\3% » pGEM-T Easy vector ® > ¥ #2535 IM110 2 DH5a 5 2 - 4%
FooAI* L & AR A - # P8 DNA > ¥ 12 ECORI #-d% ~ a8t 2
DNA = > ga ez 0 (BL2) ZE-Hrd Wit~ ET R
FEIRIE 0 T & G X A 5 ¥R 4 cDNA &% (partial cDNA clone; & #
% Vrsbellp- 0.8) -

212 3 RACE

r ks v g polyA mRNA 5 i 0 f1#* 3-CDSprimer A 513 & = %

- 3 cDNA » & 4 et b — & DNA adapter :& 7 % = [F i en 3
RACE F & - S %8ki % & - |4 DNA adapter 2_ 515+ (2 2% * 313
UPM > 4 5 9) 2 Flie" RACEPCRF Jib » 58 A4 1/25(2puL) it
TAAITELE > T AEDE- A5 (smear) s Flt 0 4 TE buffer
50 B2 IRACE A4 5 #i4 - fI* F2% NUP (2% * 351+
¥ FFR) 23l3 27 nestedPCR 2% #3535 1.2kb 2 0.8kb /| 17
B PR (Bl ) A% p By TS s B It 0.8kb
BEER 12Kb HE 2 N 3VA ] 0 e pEt L2kb BB (B 5] 5L
Vrsbell-1.2) £ w0 it 2. Vrsbell- 0.8 3 307 bp <72 4F % 3= (overlap
region) > FJpt > T 2% 1L.2kb gt B ECR 722 Vrsbell-0.8 & & T i 45 =

# 3y e- 5% L.7kb 2. Vrsbell cDNA -
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213 5 RACE
12 % ik e polyA mRNA 5 545 > 5°-CDSprimer 2 SMART 11 A
oligonucleotide % 51+ & = % — " cDNA> ¥ A 5= ek o & + — X DNA
adapter - & * & — 4+ DNA adapter z_ 513 (2 2% * 3513% UPM > 5 It
i) &~ % R5R6:2F RACEPCRF & 5% 73 L5 A4 » )Tﬁiil

7HE- A (smear) &RIF h F]i SRACE A+~ (SR 5

\

1.5kb = 1) » Chenchik et a. (1996) =38 £ ¢ 35 41 RACE ehd & 3¢
1-15Kb = 4 5 3§ i i< -

@ > FRACEE F2 1.2kb 5 7] (Vrsbell-1.2)¥ Vrsbell-0.8 % & =
1 1.7 kb gt g s £ 2 (kidney bean; Phaseolus vulgaris) =n4p i &
BE 0 FIP 4 ¥ Bk A 4 v pusbell (Hamadaet al., 2001) 2 54
be BP0 X 5313 -F6 2 R5 (4 ) &7 RT-PCR > #7325 E®

7 A% 2 13kb 2+ B P B (Bl - 0 B2 A5
Vrsbell-1.3) » 5 2 R v 1 > = sbell » ¥ ¥ Vrsbell-0.8 7 125bp
EAF T 3 o Ft BB Vrsbell-0.8 L 5 sad i 0 I e Visbell-1.2

LA B2 % e SBEI 7cDNA > & (Mrsbell) » 400 ™ 7 2. B -

Vrsbell-0.8
125 bp overlap 772 N 307 bp overlap

Vrsbell-1.3 Vrsbell-1.2
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peeb s ¥R R d Vrsbell-1.3 %3 { 217 5550313+ > R18 2 R19 -
it 7 RACEPCR * & (GE¥ ~ /|- (5% 200-250 bp) » #r 1™ & j {7 3| #2342

‘&‘—:-lf'_g_mp/ _F,\o

2.2 % 78 \rsbel cDNA
221 RT-PCR
b s EER 2 shell RA {25 B2 s ap RS
Fp #-% & pvsbel (Hamadaet a., 2001) % g= & peasbell (Burtonetal.,
1995) cDNA A 3] T 55 I3 B F % > R & il 3+ F9,
F10,R13 2 R17513 (% =) ;#Bi&- #Exw ¥ - & SBE B 4
CcDNA -
2% v iE 2. polyA mRNA 5 #o4 > f1* F9 #2 R134r F10 &2 R17 =
23l % (2-) 27 RT-PCRF & &~ HJEE 0.82kb (B -+ = » & 7| &
55 Vrshel -0.82) 2 0.72kb (B-+ = » & 7|~ % Vrsbel-0.72) « | %
B S B 4is > I Vrsbel -0.82 B3t > B @ 3 EdARde it B o
@ Vrsbel -0.72 {3t 18 BB 71 5 F1b o 4 w4395 Vrsbel -0.82 Xt dil &
F11> 345 Vrsbel -0.72 %3+ 41513+ R16-# ¥ - 4 F11 2 R16 5 51+ &
7 RT-PCR F & » &7 E® 1.2kb x| en# & (B ~ > B 7| AL

Vrsbel-1.2)» 5 T & v ¥ 3 3R Vrsbel -0.82 £ Vrsbel-1.2 # B3 142 bp
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g 4F 0 @ Vrsbel-1.2 % Vrsbel-0.72 0% B F 5 124bp chE 4F 0 sk

PR EEEANEEZ % E SBEI 9cDNA 2 & 5 Aol TR B o

Vrsbel-0.82 Vrsbel-0.72
142 bp overlap . \\ 124 bp overlap
Vrsbel-1.2
222 5RACE

é{é@ﬁiﬂ ’ '_3!;’_ e d RT-PCR j% lgﬁpi‘i\‘kplﬁ ) ;'J
(VereI -082) ’ '_?]LLL E} ﬁb-ﬁ;»ﬁ" ;,J—g}:—é‘l. 59:%5{,75]_; , R143~ RlS(%\ . ) , _EE
% - - DNA adapter 2. 31 F (22 & * 3513 UPM> % it %%) - £ 7 RACE

PCR F & (‘?EEP"‘ /] (I £ 100- 150bp) » 1B 1’63;11 e 'ﬁﬁ‘i\—&pl“%‘_mP

Fpb > fmd 21 e Goei SBEI 2 SBEI CDNA W 4 > A 252 #1fE 2
Vrshell e 5’8 F #5304 i & 44 % 200bp & 7 > @ Visbel iz & 44 ¥
60bp > Faip] 5’xHIRL B 7] F i 5 GC-rich % # > F]pt & cDNA £ 7
WA 0 A L FF DR ER YA PCRF 4P 7 e GC-rich
solution (5% glycerol or DMSO; Wang and Young, 2003) - 2 3§ 4« PCR yield

% gpecificity > mmZEEFAP -

2.3Wrsbl £ Wsbll > £ cDNA E 7 Fz:d
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v

50 FEILb it F RIE® cDNA PRz ik > A5 5 F %2 cDNA
AP o Frzn Virsbell 22 \rsbel 4 %) &k p >t 7 e 44 e mRNA

transcript *& ¥ > F| gt 49718 2 e rsbell 22 Wwsbel cDNA > & /5 7]2. 5’
2Bk HilF F6-R9 2 FO-R21 (% = ~ - ) ¥4 i e polyA
MRNA i& i7 RT-PCR- % % %71 4~ W& ® 25kb (B+- =) 2 2.2kb (@~
1) A > S p BT B RS BZT T RE
z_ Vrsbell £ Visbel cDNA 5 £ 8 4 W7 = mRNA transcript %% »

% 1% CDNA #-+ r2ig— 4 2 TAcloning = 3478 » Y48 ¢ & 745 & 5%

¥ =& %2 SBE > & CDNA B 72 #4445

3.1 cDNA 2 gk it B 512 444+

311 \rsbell
KA G A JE 18 Vrsbell i % %86 % 2 £ 2571 bp cDNA » & & 3t

Genebank F #L & :xf# (accessionno.AY622199) > # & 7 42448 (ATG)
IOk BB+ (TGA) = & ORF > jw.% 11 856 B =z pk (VISBEI ; Bl
+I)FERFE 97kDa & F ~ o F-9 F o pl i 547 (g1 Blast 425 i

B7] 4 47 4 0 g3 cDNA B 7|38 4 % Bqc ¥ & o pvsbe2 (AB029548)
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2E BN E dEnA F 94%:hp I 12 > fres 2 ¢ sbel (X80009) + 89 %
AR o @ MRAR R F|3R A 0 FIRAE E PYSBE2 F-v T A 5 Ap 0
$ % 91%:nk i (4 4) 1% £ B 4% 5 VISBEI # PVSBE2 =

5 15 B vt » ASSPVDVDIPAKKTS (125-139)  * % & il ¥ 446

termina domain - 28 > » F|pt % & VISBEIl 7 N- termina domain &
¥ 21E o LRV a0 ¢ B 5 N-terminal domain e iy B 4e Rl 58 SBE &

Hupedad B3 (v AP R SBE & AT & Bk f g2 & 3+

A
=y
|
X
ad
FTS
&l
@

% 2 VrSBEIl N- terminal #&? 2 F 7] 5 M BB 7 R
5 His o6 SBEI 2+ v o Fpt i€ B & SBEI # it § w0 H s 87
PR et 2 1618 By pawr #a 0§ Fie- H AT L FEH o
3.1.2 \irsbhel
Wrsbel cDNA %% %5 % > & 5 2208 bp > # ¢ = Genebank 4L &
P (accessionno. AY667492) - Hx 7 FAcds (ATG) I 2k %45+
(TAA) = ORF > %% 4, 735 B fips (VISBEl; Bl= - ) 38 i

A48 5% 84kDapl b 6350 S bt BB A e g

%«t
Jan

%2 g8 4p AR % 0 CDNA B 7304 8 4c ¥ & ¢ pvshel (AB029549)

2 E B E A 4 95%:nip b+ > foms & < sbel (X80009) + 88%
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ARl o @ YRR F3R A > FIRArE & PVSBEL F-v T G ARy
4 % i OBl I (4 4) 0 £B WAt % E VISBEI & PYSBEL (847
aa) 2 Cxe” 112 prwfip (Bl=- +=2)-

% H b Mrsbell & Vrsbel /7] g3 R 432 cDNA A e 14
F 5 59% ik Ei e Fite R 56% (£ )0 Fletdaip]> Visbell £2 Vrsbel
B3 I mRNA 5309 & I o dp T 2 2 pvsbe2 » pvsbel
CONA > & FApfef25 60% > Yoz pele 25 57 % Bt > ¥ if4vie £
BB A ¢ B% s SBE B3 it EFritde Kms E#485E B

$E Tenk - 1% o

3.2 VISBEIl ¥ VISBEI z_ %% & 1+ % &

‘3\\-

i

Gl BT et SBEVRAR A 7] hX 2 $ B % 2 2. SBEI
gl - L3 7 & a-anylasefamily chdFjic - ¢ 35( B8/ a)s-barrea domain
oy BEitIRaiRg % (Jespersen et a., 1993 ; Svensson, 1994 ) -
FR % A% e VISBEI 4 5] 5 HSH%,S (410- 414) ~ GFRFDGVT
(474-481) ~ ®/,EDVS (532-536) 2 AESHDQ (597- 602) - # # & {#i1 %
14 > & CAEDVS e ¢ > "G L & N SBEI 43 0 A A Bl

% SBEI £ #1] (B- + =) £ Martin and Smith (1995) F 4 4p # &

(H=) -
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33 itErtrde el SBE'RAMKE | LR

FAU Pretty #2558 i (T A A2 R0 FIA f8 SBE B AR G
THAEELR (Bl o)
331N E 7

AT a‘]a J1 SBEI 4 & e N2 B 7 SBEI & & 2 H 482
SBEII N #5384 B 7| d04p 244%™ (Burtonetal., 1995) ; = 4 » 3 IR
SBEII-specific N-terminal % 7] % 3 3F % Ser® 2= 7 3 = & = B fen
Pro# & (97 PP & PPP) (Burtonetal., 1995 ; Sunetal., 1998) > @ % &
VISBEIIl 2. % 7] ] 5 PRP- Burton et a. (1995) %2 Martin and Smith (1995)
4 ¢ dp & 248 N-terminal domain ¥ & £ - 1 “flex -iblearm” > > /f

FRESBE S H Ui A SBE PR MBI d > p

3.3.2 i & B-strand ¥ a-helice BF <7 loop

% & VISBEIl 2. & 7] > & B-strand 8 & a-helice8 & -7 loop » » % IR
7 - Ed 11 BrRAp e S A 5] eQXLPNGsviP (675-685) - + B % % %
2R ) B AT 2L 100%4pF 0 @A X Bl AT T A E e iRAR > w4
7 dp diiz loop #1435 &ty 7 SBEI #2 @ SBEI R4+ £ (Burtonetadl.,

1995) > % 2 SBEI £ | 1 g » 3 "4 g B o
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%8 VISBEl 2 & 5|# VISBEI % 1 3 %7 ¢ e it VGQ

(367-369) > ¥z Burtonetal., 19953 £ 2% 4pk > ¥ 5d & 2 ffe 4+ SBE
i (Bl L 2) S5 Eore 3 IR v W s A3 SBEl;

‘b k4 - fid 8 BYRg Ll & A 7| PEGIPGIP (738-745) » 11 ¥ &

PvSBEI F 747 > » NI ASBE  * B& =240k ~ | B &7

2t 100%+4p e > X @ Tl & VISBEI & 7#® (735aa) > @ < kA

1~ 78 SBEI 7 7§ [f] 820-847 aa » #7141 % & VISBEl 7 4% £ J* BB 5 -

3.4 Fgipin 45425 (signa peptide) z *7 =

Al G gt ki1 £ > TargetP (www.cbs.dtu.dk/services /TargetP/)

(Emanuelsson et al., 2000; Nielsen, et a., 1997) % 47 % & VrSBEIl 2 VrSBEI

NP B 20 B R FER A A4 %] e VISBEI 20 Lys 47-Ser 48 - VISBEI 2. Ser

12-Val 13 ehi= % » ¥ ip 5 3 4, %475 (signal peptide) 2.7 = 5 I ¥ IR

VISBEIl z_.*» =¥ % & % g% & {417 (Burtonetal., 1995 ; Hamadaet a.,

2001) > #x@ > VISBEI PRI A2 o (R ) e s TERIS % > 0 7 i

P
7 FE R B VISBEL & VISBEN g @it ke > £5d 9 FeoN

T"-’.U kﬁ,‘{l\‘:'} }33 o
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2w ~%EEEE 252 dgna peptide 7 it i

Predicted Transit peptide Cleavage site
Mature protein aa
kDa/ a.a.
FamilyA FamilyB FamilyA FamilyB Family A Family B
Mungbean  92.3/809 83/722 47 13  Lys47-Ser48 Ser12-vd 13
Kidney bean 82/823 885/777 47 70  Lys47-Ser 48 Ala69-Vval 70
Pea 99.8/875 87.7/769 47 >57 Tyr47-Ala48 KGVSer-Val

35 &~ 7% 28 L4 SBE 2 7 it B %
145 Kimura protein-distance algorithm = ;= (Kimura, 1983) 4~

17 & 4 6 SBE R 3| 2 vk ph A 7| B enBf 3 > 22 L 4LiF 3 & (phylo
-genetic) t F it iz g o 3 2T G L BRI Y chgap i 0 T
ERap I REE - 2175 PIREE SBE frxealpmARES > 44
% VISBEIl (96.14 %) ~ VISBEI (96.76 %) (% 4 ) o M AHR B &k £ 7 A F %
Cafp M FREEE R BN ERNTE I BB M BB APT 0 R
a9 VISBEIl 2 % & PvSBEIl % g & SBEI F &>t FamilyA *£3%# > &
VISBEI B> Family B %3 (Bl= + =) 7] > ﬂﬁe R - A e A
B 4 722 Burtonetal. (1995) 34 P S icha g S p e £ 20 A7
7 41* VISBEl ¢ VISBEIl tiw=i ft & NGB F el > B G F

LERAE
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=
Sl
i
)
3;

W E A BFE BB T 2L M0 ¢ g LA B e (putative)
SBE 2. ¢cDNA RF7|> T ¥ gz §R2. K 7> & W] & & 5 Wsbell 4= Visbel -
A L CDNA B 51|81 9 4078 2 Ve A B 4 1 5

5 2 ORF > £ B % 2571 bp - 2208 bp

SN

|
W %50 856 B 2 735 B iRiA:

mEEA3E % 97kDaz 84kDa

W pl &% 547 % 6.35

W E 4 g-amylasefamily shi&F % & > 4 %] 5 HSHY,S~ GFRFDG VT -

®IA\EDVS 4 AESHDQ * % # 4 chiiit % (Bla)g-barrel domain

B > GenBank TR E:if - accessonNo. 4 &) & AY 622199 %
AY 667492
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\Wrshell \frsbel
YRS % 2. 2 £ CDNA 2571 bp 2208 bp
sl fe £ B 856 a.a 735aa
pResF ] 97 kDa 84 kDa
pl & 5.47 6.35
GenBank iy AY 622199 AY 667492
accession No.

42 A RKFEF > e

& R¥ LT 7 o rsbell {- Virsbel cDNA subclone 1) 4 s 48 - 4
pET-23d (+) (Hamadaet a., 2001; Libessart and Preiss, 1998) -~ pET-30a
(Genschd et al., 2002) ~ pET-29 (Jobling et al., 1999) % » & transform 7] E.
coli 7% i » 4= BL21 -~ BE-deficient strain KV832 ( Kidl, et d., 1987) &
yeast » 4- Saccharomyces cerevisiae - Pichia pastoris (Parent, 1996;
Romanos, 1995; Cregg, 1993) # # 3 SBE %9 & > 4 47 4 M1 SBE /%
Mo MRRRHPTE AN R ST AR DR AN X S PR o
Tsay et al. (1983) 24 > FEd A 4188 7 b3 T P ki & =
f¥% » ¢ 4% sucrose synthetase, AGPase % starch synthase &4 > %9 %
FrAEpE 2 RERT A Fla Fi8- H A 457 FFFE SBE B

AFRBAEREET AR o A Bd BN 2RSS SBE v

.EH}

E % SBE #4f - 12 Western blot g 2% I 2 £ Fy B SBE £ #£3] v

Feni M o P> 4 7 ¥ clone v SBE B 43 cDNA A4 w33t
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gene-specific probe » 41 * Northern blot 4 | %% k # £ F# £ total RNA
W SBE A F]& e R Flm ¥ 04 w9 5 SBE £ 3 A Fl i

WO AR DY R RS P AR £ S AR Pk d

A ARnEE - B A

-~

s 2o 0 ¥ 5% SBE Bt

Jtig

11 Az3Ehe 0 fEd SBECDNA A 72 354 i3 4F » JE 17 $47k 74 i ¢ SBE
e At B R o~ MR AR B R S AT B A H T B AT R
L% > £ 41* SBE tlwif ~ BE* R PA A RPM AR D HARLHE
S A H R PR A S B F o T I AT A e
#- SBECDNA 2z » {5 47 £ T JEF R fi 8P ko 4 S pFIrec g v o7

Lgoehift s kA REMITL 0 &% k2 A F G BRIk
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e drpe i B A L s E CDNA A 7

’

H % %742 cDNA 5 7] (conserved cDNA srquence)

v

Rih - il

'

% e+ 4 total RNA I & it % polyA mRNA
27 RT-PCR
(# RT-PCR # 3| chp £ 4 32— ¥ PCR%+)

v

i pRA S

v |

f TA-cloning -..
T : S
Vo e v PR K T
FRE om0

4 748 DNA -

| H

4 @5]R AR 52 Y4315 e RACE

Bl ~ E7 % = SBECDNA H7 428

Fig. 7 The procedure of cloning SBE cDNA in mungbean.
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7 R » +

%37 ~ %2 totd RNA 2 poly(A) RNA 2z % B b % %

Table 5. Isolation of total RNA and poly(A) RNA from seeds of mungbean.

Method RNA (mg) Aol Asgg Yield (%)

Hot phenol® 1.63 1.8 4.705°

R
PolyATtract™ mRNA 0,006 5 0.6

isolation systems”’

a. The data was obtained from 4 g of seeds of mungbean

b. The data was obtained from 1 mg of total RNA of mungbean
c. The data was obtained from total RNA/mungbean

d. The data was obtained from mRNA/1mg total RNA
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28SrRNA

18SrRNA

B~ ~ % & total RNA 2 7 f i 9 7 %
1402 5 % I PR 4 B~ total RNA

Fig. 8 Formaldehyde gel electrophoresis of total RNA isolated
from seed of mungbean.

Lanel : 20 pg of total RNA
Lane2 : 20 ug of total RNA
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# = ~Vrsbell cDNA % - (4513 g 4

Table 6. The gene-specific primers used in cloning Virsbell cDNA.

Name sequence Length(mer)
ITMC IGC%
SBE F1° TGGATATTGTTCACA GTCATGC 22/ 56.5/ 40.9
SBE F2° AAGATGAGG ACT GGA AAA TGG GCG 24/ 62.7/ 50
SBE F6° ATG GTT TACACCATC TCG GGAATT CGA TTT CCG | 33/ 68.2/ 45.5
SBE R1? | CTT GGGAAA TCT ATC CAT TCA GGA TGC C 28/ 65.1/ 46.4
SBER5” | AAGACGAGAATC CCA CAT CC 20/ 57.3/ 50
SBER6® | GCATTC CACTCA CAT CTT CACC 22/ 60.3/ 50
SBER9® | TCAAGGATCAACTGG CTCTGGTTCA 25/ 63/ 48
SBE R18° | ACAACC GGA AAT CGAATT CCC GAGATG GTG 30/ 68.1/ 50
SBE R19° | TGAGAAAAA CAG GAA GAGACG CTG CC 26/ 64.8/ 50

Tk R 2. SBECDNA = % B 33t 4 sl &

F - FREATIE R 2. Vrsbell-0.8 #7132+ dnested 51+

T EB R A L ﬁ%% pvsbell (Hamadaet al., 2001)z. 5’ =424 5 7] % 3+
d % = PRE AT F 2 Vrsbell-1.3 3% 3+

d #7182 Vrsbell cDNA 2. 333 3+

P oo oo
ﬂ-ﬂ_\\\Xr
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bp 1 2

800 bp

350 bp

100 bp

B4 ~ 2% 2 poly (A) RNA & #%% » 2 SBEFL 2 SBERL :

Fig. 9 Agarose gel electrophoresis of DNA fragments prepared from RT-PCR and PCR
amplification using SBEF1 and SBER1 as primers.

Lanel: 3kb ladder marker
Lane2: SBEF1 and SBER1 PCR = =t + #& #»
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bp 1 2

3000
2000
1500

1200 bp
1000

800 bp
500

100

B+ ~ 12 SBEF2 2 NPU 3 51+ i& {7 RACE 2. & 4 chif 3

AT )

Fig.10 Agarose gel electrophoresis of DNA fragments prepared from 3’RACE using SBEF2
and NPU as primers.

Lanel : 3 kb ladder marker
Lane 2 : SBEF2 and NPU

70



bp 1 2

3000

2000
1500

1000

500

100

Fig. 11 Agarose gel electrophoresis of DNA fragments prepared

from RT-PCR and PCR amplification using SBEF6 and
SBERS as primers.

Lanel: 3kbladder marker
Lane 2 : SBEF6 and SBER5
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bp 1 2

3000

2000
1500

1000

2571 bp

500

100

M- - %2 poly (A) RNA 5 4% » SBEF6 2 SBERO 5 5!+ $ti¢ {7 RT-PCR 2 + 15
18 > £ Vrsbell cCDNA &1 5 9% 48 7 7 )

Fig. 12 Agarose gel electrophoresis of DNA fragments prepared from RT-PCR using SBEF6
and SBERO as primers.

Lanel : 3 kb ladder marker
Lane 2 : SBEF6 and SBER9
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3000

2000
1500
1000

500

100

B+ = - d Vrsbellp-0.8 4 212 j7 4 DNA - 2 12 EcoRI * 14 » {4 + 2 DNA
(Vrshel 1-0.8) i 3£ ¥ &8 T 7« ]

Fig. 13 Agarose gel electrophoresis of plasmid DNA fragmentsisolated from Vrsbel Ip-0.8
and treated with EcoRl.

Lanel: 3kbladder marker

Lane2-5: plasmid DNA from JM110

Lane6-7 : plasmid DNA from DH5 «

Lane8-11 : plasmid DNA from JM110 treated with EcoRI
Lane 12-13 : plasmid DNA from DH5« treated with EcoRI
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SBEII

Mungbean starch branching enzyme cDNA

‘ Adaptor 3
5’ Adaptor
NI ORE !
o> ey — X <= L (um
UPIE/:Imb F6 F1 R5 Ep R9 MUPM
NUP F2 NUP
| |
RT-PCR : 8(|)1bp |
| |
! RT-PCR : 1387 bp | | 3'RACE : %1200 bp

RT-PCR : 2571bp

Bl = - SBEIl cDNA # 7):% 78 2. RT-PCR %2 RACE %% B
Fig. 14 Cloning SBEII cDNA by RT-PCR and RACE.
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ATG GIT TAC ACC ATC TCG GGA ATT
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G Q
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ACA
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Y
CCA GAG
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Fig. 15

Y T | S G

AAC GAC TTC TCT CGG AAA

N D F S R K

CAA GAT AAC TCT GCA TCC
D N

Q s

TAC AGC ATT AGT GAA GCA

A S

Y s | S E A

AAA CCT AAG ACC ATT CCC

K P K T 1 P

TAC AAA AGA TTG CAC GAT

Y K R L H D

ACT TAC AGA GAG TGG GCA

T Y R E W A

GIT TGG GAG ATT TTT TTG

v W E | F L

TCG ATT CCT GCT TGG ATC

S 1 P A W I

CAT CCA CAG CCA AAG AGA

H P Q P

GTA CTA CCT CGC ATT

K R

GAT

D V L P R

TTC TTT GCA CCT AGC AGC

F F A P s s

AGC CAT GCC TCA AAT AAT

H A S N N

CGT CTT TTC AAT TAT

R L F N Y

GGT GIT ACA TCA ATG ATG

vV T s M M

TAC CTG ATG CTG GCT AAT

GAT

GIC CAC ACA CTA ACA AAC

vV H T L T N

ATG GAC AAG GAT ATG TAT
M

GGA

GTA ATT CCA GGG AAC AAC

v ol P G N N

GCC ATG CAG CTT TTA GAA

M Q L L E

AAC CTC GIC TTT GIC TTC

L vV F V F

GAT GCC TTG TTT GGT GGC

A L F G G

CCT TCT AGG ACA GCA GCA

P S R T A A

CGA TTT CCG GIT GIT CCT TCG CTG AAC GIC TCC AGC CTC CGT GGC GAT CGC AGG GCA GCG TCT CTT CCT GIT TTT CTC

R

ATC

CGA

GAA

CCA

AAG

CCA

GGA

TAC

GAT

GAT

TAT

TAC

GAA

AAT

TTC

GIT

\

CCA GIT GAT CCT TGA 2571

P V D P *

856

Vrsbell cDNA 2 H % %

F P V V P s

CTT GCC GTA AAA TCT TCT

vV K S s

CAA CTT GAA ACT

Q L E T

TAC AGA CAG ATT

A A

GIG GAT GGT TCA

V D G S

GTA CAG GCT CCT

vV Q A P

CTT AGA ATA TAC

L R 1 Y

GGC TAC AAT GCT

TTT GGA

TTG GAT GCC CTA AAC ATG

G L N M

TGG GAA GTA CTA AGG

E V L R

CAT CAT GGG TTG CAG

H G L Q

ATT CAT GGG CTC TTC

L 1 H G L F

TAT CGC CTG CAA ATG GCC

R L Q M A

AGA TGG CTG GAA AAA TGT

W L E K C

ATG GOG TTA GAC AGG

M A L D R

TTG AAT TTT ATG GGG AAT

N F M G N

AGT TAT GAT AAA TGC AGG

Y D K C R

AAG TTT GGA TTC ATG ACT

F G F M T

CAT TGG CAT AAC AGT

H W H N S

AAT AGG CTC AAC CAC TCT

N R L N H S

TAT GCC CTT GCA GAT GAT

Y A L A D D

-
RIS

L

CAC

ccr

GAA

ATA

GGT

TTA

CCA

ey
G
GAG TCA CAT
E S H
GTC CAG ATT
vV oQ |
CTT AMA TCT
L K s
TTT GAT GGA
F D G
TAT CTA CTT
Y L L
GTA GCA TTC
vV A F
OCC GAG GCT
p

E A

ATT GCA GAC

GAT CTG GAA

D L E

S S L
GAT
D

S P

ACC TCA
T E
CTA GGT
L S
ATT GAT
P
ACA TTT
S
GAC TTC

N

G
CCA TAT
S
GIT GA

ATG GCC

CTG ATA

ACT GAT

AAT

GGA AAT

ACC ATT

TGG ATT

AGT

CAT
GAC TTG
D
CAA TAT
Q Y 1
TAC AGA
Y R

TTC ACT

IR AL R P4 PR R

R
S
D
\
S
R
N
S
G
S

CAA
Q
AAA

TAC
GGT
GAG

CAT

TCA
GeC

GAA

G D R R A A S L P V F L

TCC CCG TCT TCT GCA ATT GCT GAA TCT GAT AAG GIT CTT ATT CCT

S A | A E S D K VvV L | P

GAG GAT GCA CAT AAT TTA GAG GAT TTA ACA ATG GAA GAT GAG

A H N L E D L T M E D E

TCT GIG GIT TCT GIT GGC AAG AAA GTA AAT ATA CCA AGT GAT

V S V G K K V N | P S D

CCA TCT TTG CTA GCC CAC CGI GAG CAT CTT GAT TTC CGT TTC

L L A H R E H L D F R F

TCT CGT GGC TAT GAA AAA TTT GGC TTC ATA CGC AGT GCT ACA

G Y E K F G F | R s A T

AAC AAT TGG AAT TCA AAT GCA GAT GTA ATG ACT CGG AAT GAG

W N S N A D V M T R N E

GGT TCT CGG GIC AAG ATC CGC ATG GAT ACT CCC TCT GGA GIC

R VvV K | R M D T P S G V

AGC GGA ATA TAC TAT GAT CCC CCA GAA GAG GAA AAA TAT GTA

I Yy Yy b P P E E E K Y V

ATG AGT AGT CCG GAG CCA ATG ATC AAC ACA TAT GCC AAT TTT

s P E P M | N T Y A N F

GAA CAT TCT TAT TAT GOC AGC TTT GGG TAC CAT GIC

E H S Y Y A S F G Y H V

GCC CAT GAA CTA GGT CTG CTT GIT CTG ATG GAT ATT

A H E L G L L VvV L M D

TAC TTC CAT CCT GGG TCA CGG GGT TAT CAT TGG ATG

Y F H P G S R G Y H W M

TGG TGG CTG GAT GAA TAC AAG TTT GAC GGA TTT CGA

w W L D E Y K F D & F R

AGT GAG TAC TTT GGI ATG GCA ACT GAT GIT GAT GCT

s E Y F G M A T D V D A

GAA GAT GTG AGT GGA ATG CCA ACA TTC TGC CTT CCT

E b v 8§ G M P T F C L P

ATT CTC AAG AAG CAA GAT GAG GAC TGG AAA ATG GGC

| L K K Q D E D W K M G

GAT CAG GCC TTG GIT GGT GAC AAG ACA ATT GCA TTT

O O A L VvV G D K T | A F

CGT GGT ATA GCA TTA CAC AAA ATG ATT AGG CTT ATT

R G | A L H K M | R L

ATT GAT TTT CCA AGG GGT GAA CAA CAA CTT CCT AAT

I b F P R G E Q Q L P N

GCG GAC TAT TTA AGA TAT CGA GGA ATG CAA GAA TTT

A D Y L R Y R G M Q E F

CGG AAA AAT GAA GGT GAC AAA GIT ATA ATC TTT GAA

R K N E G D K V I | F E

TGC TCA ACC CCT GGG AAA TAT AAG ATT GIC TTG GAT

c s T P G K Y K | V L D

GGA TGG TAT GAT GAC AGA CCT CGA TCC TTT CTT GIC

G WYy D D R P R S F L V

GAC GAA GCT GAA CCA GTC CTT GCA GAT GAA GCT GAA

b E A E P V L A D E A E

Nucleotide and deduced amino acid sequences of Vrsbell cDNA.

The boxed highlighted amino acids indicate four conserved regions of the a-amylase family.
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# = ~Vrsbel cDNA & - 513 08 4

Table 7. The gene-specific primers used in cloning Virsbel cDNA.

Name sequence Length(mer)
ITMC IGC%
SBE F9? ATGTTTAACTGT CTGTGC CTTAAT CCGTTC 30/ 64/ 40
SBE F10? | GAG GGC TAC CTT AAT TTCATG GGC AAT G 28/ 65.1/ 46.4
SBE F11° | TTT GCA GCC CCA TAT GAT GGT G 22/ 60.3/ 50
SBE R13* | TTATGC GAG GTT CAGAGCTACTCATC 26/ 63.2/ 46.2
SBE R14° | AGACGCTGCCTGCTT CTTACAGTGTGAG 28/ 68/ 53.6
SBE R15° | CCGATA GCCAAGAGCAAGATCAACTGAC 28/ 66.6/ 50
SBE R16° | AGT GAT CTG TAT CCA CCA GAT TCCACT G 28/ 65.1/ 45.4
SBE R17% | TTA AAT TTC CCT ATC CAA AGA AGC TGC CAC 30/ 64/ 40
SBE R21% | TTA CCC CCA GAGATT AGG GCT CCT TAC TCT 30/ 58/ 50

a %% ¥z A L pz2 pvsbel (Hamadaet al., 2001) % g & peasbell (Burtonet al.,
1995) cDNA E 7] 2_ %= F B #r3k 3+ d1en5 ] 3

b. & % - FFE#TIE 2 Vrsbel-0.82 #73% 3 vhnested 51+

C. ¥ % - PFEATIEE 2. Vrsbel-0.72 #73% 3+ ehnested 31+

d. & #7i8 3] Wsbel cDNA 2. 3 =333t
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bp 1 2
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M-+ - %2 poly (A) RNA % #0058 » SBEFQ fr SBER13 & 313 #fi& 7 RT-PCR 4 &

ELE LT

Fig. 16 Agarose gel electrophoresis of DNA fragments prepared from RT-PCR using SBEF9
and SBER13 as primers

Lanel : 3 kb ladder marker
Lane 2 : SBEF9 and SBER13
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bp 1 2

3000

2000
1500

1000
725 bp

500
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B~ = ~ %2 poly (A) RNA 5 %% » SBEF10 4= SBER17
5313 &7 RT-PCR 1 » 5 A 4 chid M T AR

Fig. 17 Agarose gel electrophoresis of DNA fragments prepared from RT-PCR using
SBEF10 and SBER17 as primers.

Lanel : 3 kb ladder marker
Lane 2 : SBEF10 and SBER17
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B+ ~ -~ 1% 2 poly (A) RNA % H% » SBEF11 f SBER16 & 315 i i+ RT-PCR {4 i 7

e i F R

Fig. 18 Agarose gel electrophoresis of DNA fragments prepared from RT-PCR using
SBEF11 and SBER16 as primers.

Lanel : 3 kb ladder marker
Lane 2 : SBEF11 and SBER16
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B4 2% 2 poly (A) RNA & #7%<>SBEF9 2 SBER21 4 31+ #fi¢ {7 RT-PCR 2 PCR
- =k fs 4119 2 £ \rsbel CDNA i 3% 4 7 A )

Fig. 19 Agarose gdl electrophoresis of DNA fragments prepared from RT-PCR and PCR
amplification using SBEF9 and SBER21 as primers.

Lanel : 3 kb ladder marker
Lane 2 : SBEF9 and SBER21
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SBEI

Mungbean starch branching enzyme cDNA

, Adaptor 3’
5’ Adaptor
NI oRF |
o> —) ) < < <= <
UPM F9 F11 R13 R16 R21 UPM
o — = gm
NUP F10 R17 NUP

RT-PCR : 826 bp RT-PCR : 725 bp

RT-PCR : 1234 bp

RT-PCR : 2208bp

- - ~ SBEI cDNA A %]i% 78 2. RT-PCR % RACE % % #]
Fig. 20 Cloning SBEI cDNA by RT-PCR and RACE.

81



103

35

205

69

307

103

137

511

613

205

239

817

273

919

307

1021

341

1123

375

1225

409

1327

443

1429

477

1531

511

1633

545

1735

1837

613

1939

647

2041

681

2143

715

Bl- L+ - ~Vrsbel cDNA %z #H

ATG TTT AAC TGT CTG TGC CTT AAT CCG TTC ATT TCC GIC TCT TCA ACC GIT GCC TGC ACC TCT CAC ACT GTA AGA AGC AGG CAG CGT CTT GCA CCA CAA AAG

M F

TCA GIT

S VvV

GTA GCT

vV A

GAT CAC

CAC CAA

CGC CAT

GAT CCA

TAT TAT

Y Y

CTA GA

L G

TAC TTC

Y F

TGG TGG

w W

AAT GAA

TTG GAT

L D

N

TTC

AAC

ATG

£

eee

®

CCA

ATA

GCA

TTG

CAT

Ccrc

TAT

GIT

AAG

CAG

GC

GAT

AGT

S

C

CAG GTT

Q

GCT GA

A

GAG GAG TTT AAA TTT GAT GGA TTT CGA TTT

E

TTT AGC GAA GCA ACA GAT GIG GAT GCT GIT

E

TCT GGC ATG CCA GGA ATT GGT CAA CAA GIT

S

AAC AAG AAT GAG TAC ACA TGG TCA ATG AAG

N

GCC ATC GIT GGT GAT AAG ACT GIT GCG TTT

A

ATT GCT CTT CAG AAG ATG ATA CAC TTC ATA

TTC CCA AGA GAA GGC AAT GGA TGG AGT TAT

E

AGG GCA ATG AAC TTG CTT GAT GAT AAA TTT

R

GGA GAT CTG ATA TTT GTA TTC AAT TTT CAT

G

GAT GCT TGG GAA TTT GGA GGI CAT GGA AGA

D

\%

G

E

S

G

K

A

P

A

D

A

[

L

N

P F

S

\%

S

S

T

vV A C T S H T V R S R Q R L A P Q K

CTT GGC TAT CGG AAT CCA CTT GGA TAT GGG TTT GGT TTT GGA TTG AGA AGA TCA CTG CAC GAG ATG GTG AGC TCT CGT TTC AAG GGT

L

GAT GAC AAA TCA ACA ATA TCA TCC ACT GAG GAA

D

AGA CTG AAG AGA TAC GTA GAT CAG AAA AAG CTT

R

E

AAT CAG TTT GGT GIC TGG AGT ATT AAG ATC CCT

N

G

D

L

G

Q

Y

K

K

G

E

R N

s T

R Y

| \

G V

P

\

Y

L

S

D

R

W s

G

S

Q

GAA GGT GGA ATT GIG TAC CGC GAG TGG GCA CCT

E

Y

T

K

w

K

GIT TGG GIT GAT CGC ATA CCT GCT TGG

\

w Vv

D R

P

A

w

GAG AGA TAT GAG TTT AAA TAT CCA CGT

E

TAC AGG GAA TTT GCA GAT GAG ATT

Y

GGA TAT CAT GTA ACA AAT TTT TTT

G

TTG ATG GAT GIT ATC CAT AGT CAT

L

GAT AGA GGT TAT CAC AAG TTG TGG

D

E

E

M

N

\

L

R

M

L

w

R

R

Y

M

R

K

A

P

E

G

Q

E

N

E

Y

E

H

D

G

E

T

G

Y

D

K

G

L

E

E

E F

F A

v T

Vo

Y H

D G

D Vv

K

D

N

H

K

E

D

Y

E

E

S

L

R

A

| G Q Q

T W s

K T

Mo

N G

L D

vV F

G G

\%

H

M

A

E

w s

D

N

H

K

E

G

7

P

E

H

w

E

V

V

K

E

Y

E

H

R

i

R

TTG

cCT

[coe}

GAT

GAT

Grc

TCT

GAA

Ccrc

ACC

GAG

TCG

CCA

GTA

V

%

G

E

K

A

F

E

L

P

G F G L R R S L HEMV S S R F K G
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| E E Y E G G L E E F A K G Y L K F
GCT GCT CAG GAA GCA CAA ATT ATT GGA GAC TTT AAT GGA TGG GAT GGT TCC AAC
A A Q E A Q1 | G DF N G WD G S N
GAT GCT GAT GGA AAT CCA GCT ATA CCA CAC AGT TCG AGA GTG AAG TTT AGA TTC
D ADGNUPAI P H S S R V K F R F
TAT GCC ACT GIT GAT CCT AAC AGA TTT GCA GCA CCA TAT GAT GGT GTC TAC TGG
Y AT V D P N R F A A P Y D G V Y W
AAG CCG AAG GCC CCA CGG ATA TAT GAG GCT CAT GTG GGG ATG AGT AGC TCT GAA
K P K AP R I Y E A H YV G M S S s E
ATT CGA GCA AAT AAC TAT AAT ACA GIC CAG CTG ATG GCC GIT ATG GAA CAT TCT
I R AN N Y N T V Q L M A V M E H S
AGT AGA TCT GGA ACC CCT GAA GAT CTT AAA TAT CTG ATA GAT AAG GCT CAT AGC
S R S G T P E D L K Y L I D K A H S
AAC ATC ACC GAT GGA CTC AAT GGC TTT GAT GIT GGC CAA ACT TCA CAA GAT TCT
N I T b G L NG F DV G Q T S Q D s
CTA TTT AAC TAT GOC AAC TGG GAA GTT CTT CGT TTC CTT TTA TCT AAT TTA AGG
L F N Y A N WE V L R F L L S N L R
ACA TCA ATG CTG TAT CAT CAC CAT GGA ATC AAC ATT GCT TTT ACA GGG GAT TAT
1T S M L Y HHUHGI NI A F T G D Y
ATG CTG GCT AAT TCT CTG ATC CAC AGT ATT TTG CCA GAT GCA ACT GTA ATT GCT
M L A N S L I H S I L P D A T V I A
GGA ATT GGT TTT GAC TAT CGT CTA GCC ATG GCT ATC CCT GAT AAA TGG ATT GAT
G 1 G F DY R L A M A1 P D K W I D
TGG AGT TTG ACA AAT AGG AGA TAC ACT GAG AAA TGT GTT TCC TAT GCT GAA AGC
W s L T N R R Y T E K C V S Y A E &
GAT GAG GAA ATG TAT TCT GGC ATG TCT TGC TTG GIT GAT CCT TCT CCT ATT GIT
DE E MY S G M S C L V D P S P | V
TTA GGT GGA GAG GGC TAC CTT AAT TTC ATG GGC AAT GAG TTT GGC CAT CCG GAG
L G G E G Y L NF M G NE F G H P E
AGG CGT CAG TGG AAT CTG GTG GAT ACA GAT CAC CTG AGA TAC AAG TTC ATG AAT
R R Q W N L V DT D H L R Y K F M N
GCA TCA AGT AAA CAA ATA GTG AGC AGT GCA GAT GAT GAA GAC AAG GTT ATA GTC
A S S K Q I V S S A D D E D K V | V
ACA TAT GAA GGG TAT AAA GIT GGA TGT GAC TTA CCT GGG AAA TAT AGA GTT GCA

T Y E G Y K V G €C DL P G K Y R V A

AGG AGC CCT AAT CTC TGG GGG TAA 2208

R

J
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~

P N L W G * 735

s gk i 74 PR

Fig. 21 Nucleotide and deduced amino acid sequences of Vrsbel cDNA.

The boxed highlighted amino acids indicate four conserved regions of the a-amylase family.
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Fig. 22 Alignment of the deduced amino acid sequences of Frsbell , Virsbel
of various plants. Kidney bean SBEII (BAA82348). SBEI (BAAS82349) ; Pea SBEI (CAAS56319),
SBEII (CAA56320) : Rice RBE4 (BAAB2828), RBE1 (BAAQ1584) : Wheat SBEII (CAA72154), SBEI
(AAG27622) ; Maize SBEII (AAA18571), SBEI (AAAB2733) : Arabidopsis thaliana SBE2-2
(CAB82930), Arabidopsis thaliana SBE2-1 (NP-181180)
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Table 8 Comparison of the dentity of the amino acid sequences derived from
starch branching enzyme cDNASs of mungbean and various species.

Blast
% 2 SBEII % & SBEI
/ 856 735
E %aa %aa
Kidney bean SBEII
87IonanL (eBa:A82348) o1 39
Kidney bean SBEI
84I17nanL (eBa:A82349) o7 95
Pea SBEI
922 aa (CAA56319) 81 o7
Pea SBEI|
826 aa (CAA56320) 03 83
Maize SBEI|
792 Zea (AAA18571) 80 60
Maize SBEI
8222; (AAAB2735) o4 4
Wheat SBEII
823 aa (CAAT72154) A 39
Whest SBEI
833 aa (AAG27622) o/ 71
Rice RBE4
szllieaa (BAA82828) 76 9
Rice RBE1
8;C:)eaa (BAA01584) 58 73
Arabidopsis thali ]
S 76 58
Arabidopsisthaliana SBE2-1 73 ea

858 a.a. (NP-181180)
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0.00 1022 [ 1740 | 1778 | 1442 | 2000 | 1971 | 2201 | 1991 | 5331 | 3613 | 56.88 | 56.56 | 56.13 | 3879 | 36.00 | 1 Eidney bean SBEII

000 | 1074 | 1778 | 1835 | 1478 | 2010 | 1913 | 2291 | 1801 | 57.70 | 57407 | 3815 | 56.88 | 3613 | 5815 | 5631 | 7 Munghean SBEII

0.00 [ 1563 | 1581 | 1433 | 1950 | 10.06 | 2044 | 1837 | 58.85 | 5932 | 60.31 [ 59.98 | 5919 | 60.97 | 39.06 | 3 Pea SBEI

000 | 132 ] 2101|1582 | 1683 | 1683 | 2150 | 58.98 | 5895 | 50.11 | 57.19 | 37.07 | 38.11 | 3789 | 4 Barley SBEIl

0.00 | 794 | 1536 | 1683 | 16.84 | 2190 | 50.63 | 60.28 [ 5044 | 5751 | 5738 | 5944|3321 |5 Wheat SBEI

0.00 | 1424 | LIE7 | 1720 | 1971 | 57.70 | 5B.66 | 57.51 [ 5751 | 56.44 | 5847 | 5821 | 6 Rice RBEL

000 883 1124 ) 23,44 | 5778 | 5810 | 58.13 [ 5336 | 3400 | 3836 | 57.84 | 7 Marze SBEIL

000 | 1369 [ 2270 | 5738 | 5747 [ 3731 [ 3501 | 5458 | 5751 | 5569 | & Rics RBE3

0.00 | 2688 | 5898 | 5930 | 39.76 | 5625 | 3581 | 3731 | 37.89 | & Barley SBEMD

0.00 | 6104 | 60.72 [ 60.85 | 5732 | 3625 | 6131 | 3332 | 10 Potato SBEA

000 | 1412 | 1109 [ 2072 | 30.34 | 30.38 | 27.23 | 11 Ruce RBE]

0.00 | 1451 [ 3176 | 3262 | 3268 | 20.50 | 12 Wheat SBEI

0.00 [ 28.00 | 2339 | 27.78 | 25.84 | 13 Maiza SBEI

0.00 [EREE 1350 | 13.12 | 14 Kidney bean SBEI

0.00 | 1342 | 1848 | 15 Mumgbean SBEI

0.00 | 1949 | 16 Pea SBEI
000 | 17 Potato SBEB
#4 » #4 Distanes program % % (Kimua protein-distance alzonthm) i 3 87 Fl 45482 SBE cDNA 7§ 8 4 2 b R A5 B e o W

Table 9. Distanca between deduced zmino acid sequences of plant SBE was determned by the prozram Distance (GCG) usmg the Kimura protem-distance alzanthm,
Kidney bean SBEII (AB029348), SBEI (AB029549) ¢ Mungbean SBEIL SBEL; Pea SBEI (X80009), SBEINX20010) ; Barley SBEILa (AF064360), SBEIL
(AFD§4561) | Wheat SBEII(Y11282)  SBEI(AF286318) | Kace RBE4 (AB023498) RBE3 (D16201), RBEI(D10752) © Mlawze SBEII (LO80&5), SBEI
(UL7897)  Patato SBEA (AJO11838), SBEB(Y08736)
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Mungbean SBEII

Family A
Pea SBEI
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— Rice RBE1 TN
| — Maize SBEI
— Wheat SBEI
Family B
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Wheat SBEII
Rice RBE4
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1o.00

estimated number of substitutions per 100 amino acids

Bl- L= - Rp%eE 7 kirfiz SBECDNA /& 12 M=flfe B 71 #7427
A 2o i Ak B

Fig. 23 Dendrogram to illustrate the degree of relatedness between the plant
SBE isoforms,

89



\\\?&

e

EcE (2002 HEMRASA AR ET 2 Y MFFFY LT

\1_.
Evd
]

T E e <2 (1996) %&8 o PR IR RETSF SR EL o 2 FY
FCRt R AR ©

SR oI A (1992) BB EiTS Ao e T B T A, ARl 4
Bé s mpecnyd 77 fidR s 285

AVRDC 1975. Chemical analysis of mungbean seeds. Asian Vegetable
Research and Development Center. Progress report, Shanhua, Taiwan;
AVRDC.

Bada, T., Kimura, K., Mizuno, K., Etoh, H., Ishida, Y., Shida, O. and Aral, Y.
1991. Sequence conservation of the catalytic regions of amylolytic enzymes
In maize branching enzyme-1. Biochem. Biophys. Res. Commun. 181.:
87-94.

Baecker, PA., Greenberg, E. and Preiss, J. 1986. Biosynthesis of bacterial
glycogen. Primary structure of Escherichiacoli 1,4-apha-D-glucan: 1,4-
a pha-D-glucan 6-apha-D-(1, 4-a pha-D-glucano)-transferase as deduced
from the nucleotide sequence of the glg B gene. J. Biol. Chem. 261
8738-8743.

Ball, S, Guan, H.P, James, M., Myers, A., Keeling, P, Mouille, G, Buleon,
A., Colonna, P. and Preiss, J. 1996. From glycogen to amylopectin : a model
for the biogenesis of the plant starch granule. Cell 86: 349-352.

Bhattacharyya, M .K., Smith, A.M., Ellis, T.H.N., Hedley, C. and Martin, C.
1990. The wrinkled-seed character of pea described by mendel is caused by a

90



transposon-like insertion in a gene encoding starch-branching enzyme. Cell
60: 115-122.

Boyer, C.D. and Preiss, J. 1978a. Multiple forms of a1- 4aD-glucan 6-glucos
-yl transferase from developing Zea mays L. kernels. Carbohydr. Res. 61.:
321-324.

Boyer, C.D. and Preiss, J. 1978b. Multiple forms of starch branching enzyme
of maize: Evidence for independent genetic control. Biochem. Biophys. Res.
Commun. 80: 169-175.

Burton, R.H., Bewley, J.D., Smith, A.M., Bhattacharyya, M .K., Tatge, H., Ring,
S, Bull, V., Hamilton, W.D.O. and Martin, C. 1995. Starch branching enzymes
belonging to distinct enzyme families are differentially expressed during pea
embryo development. Plant J. 7: 3-15.

Cao, H., James, M.G. and Myers, A.M. 2000. Purification and character-
ization of soluble starch synthases from maize endosperm. Archives of
Biochemistry and Biophysics. 373:135-146.

Cao, H. and Preiss, J. 1996. Evidence for essential arginine residues at the
active sites of maize branching enzymes. J. Prot. Chem. 15: 291-304.

Chen, X.H., Liu, Q.Q., Wu, H.K., Wang, Z.Y. and Gu, M.H. 2003. cDNA
Cloning and Sequence Analysis of Rice Sbel and Sbe3 Genes. Zhongguo
Shuidao Kexue. 17: 109-112.

Chenchik, A., Mogadam, F. and Siebert, P. 1996. A new method for full- length
cDNA cloning by PCR. In: A Laboratory Guide to RNA: Isolation, Analysis,
and Synthesis. edited by PA. Krieg, pp. 273-321. Wiley-Liss, Inc.

Chou, PY. and Fasman, G.D. 1978. Prediction of the secondary structure of
proteins from their amino acid sequence. Adv. Enzymol. 47: 45-148.

Cregg, J.M., Vedvick, T.S. and Raschke, W.C. 1993. Bio/Technology. 11: 905

Denyer, K., Sidebottom, C., Hylton, C.M. and Smith, A.M. 1993. Soluble

91



isoforms of starch synthase and starch-branching enzyme also occur within
starch granules in developing pea embryos. Plant J. 4: 191-198.

Devereux, J., Haeberli, P. and Smithies, O. 1984. A comprehensive set of
sequence analysis programs for the VAX. Nucl. Acids Res. 12: 387-395.

Emanuelsson, O., Nielsen, H., Brunak, S. and von Heljne, G 2000. Predicting
subcellular localization of proteins based on their N-terminal amino acid
sequence. J. Mal. Biol. 300: 1005-1016.

Emes, M.J., Bowsher, C.G, Hedley, C., Burrell, M.M., Scrase-Field, E.S.F. and
Tetlow, 1.J. 2003. Starch synthesis and carbon partitioning in developing
endosperm. J. Exp. Bot. 54 (382): 569-575.

Fisher, D.K., Boyer, C.D. and Hannah, L.C. 1993. Starch branching enzyme |
from mai ze endosperm. Plant Physiol. 102: 1045-1046.

Fisher, D.K., Gao, M., Kim, K.N., Boyer, C.D. and Guiltinan, M.J. 1996. Two
closaly related cDNASs encoding starch branching enzyme from Arabidopsis
thaliana. Plant Mol. Biol. 30: 97-108.

Fisher, D.K., Kim, K.N., Gao, M., Boyer, C.D. and Guiltinan, M.J. 1995. A
cDNA encoding starch branching enzyme | from maize endosperm. Plant
Physiol. 108: 1313-1314.

Gao, M., Fisher, D.K., Kim, K.N., Shannon, J.C. and Guiltinan, M.J. 1996.
Evolutionary conservation and expression patterns of maize starch branching
enzyme | and I1b genes suggests isoform specialization. Plant Mal. Biol. 30:
1223-1232.

Gao, M., Fisher, D.K., Kim, K.N., Shannon, J.C. and Guiltinan, M.J. 1997.
Independent genetic control of maize starch-branching enzyme llaand I1b.
Isolation and characterization of a she2a cDNA. Plant Physiol. 114: 69-78.

Genschel, U., Abdl, G, Lorz, H. and Lutticke, S. 2002. The sugary-type
Isoamylase in wheat: tissue distribution and subcellular localisation. Planta 214:
813-820.

92



Guan, H.P. and Preiss, J. 1993. Differentiation of the properties of the
branching isoenzymes from maize (Zea mays). Plant Physiol. 102: 1269-1273.

Guan, H.P, Baba, T. and Preiss, J. 1994. Expression of branching enzyme 1 of
mai ze endosperm in Escherichia coli. Cell Mol. Biol. 40: 981-988.

Hamada, S,, Ito, H., Hiraga, S., Inagaki, K., Nozaki, K., Isono, N., Yoshimoto,
Y., Takeda, Y. and Matsui, H. 2002. Differentia characteristics and subcellular
localization of two starch-branching enzyme isoforms encoded by asingle
genein Phaseolus vulgaris L. J. Biol. Chem. 277: 16538-16546.

Hamada, S., Nozaki, K., Ito, H., Yoshimoto, Y., Yoshida, H., Hiraga, S,,
Onodera, S., Honma, M., Takeda, Y. and Matsui, H. 2001. Two starch-
branching-enzyme isoforms occur in different fractions of developing seeds of
kidney bean. Biochem. J. 359: 23-34.

Hodge, J.E. and Osman, E.M. 1976. Carbohydrates. In “Food Chemistry” pp.
102-114. Fennema, O. R. Marcel Dekker Inc., New York.

Hoover, R,, Li, Y.X., Hynes, G and Senanayake, N. 1997. Physicochemical
characterization of mung bean starch. Food Hydrocolloids. 11: 401-408.

Hoover, R. and Sosulski, FW. 1991. Composition, structure, functionality, and
chemical modification of legume starches: areview. Can. J. Physiol.
Pharmacol. 69: 79-92.

Jespersen, H.M., MacGregor, E.A., Henrissat, B., Sierks, M.R. and Svensson,
B. 1993. Starch- and glycogen-debranching and branching enzymes:
prediction of structural features of the catalytic (p/a)g-barrel domain and
evolutionary relationship to other amylolytic enzymes. J. Protein Chem. 12:
791-805.

Jobling, S.A., Schwall, GP,, Westcott, R.J., Sidebottom, C.M., Debet, M.,
Gidley, M.J., Jeffcoat, R. and Safford, R. 1999. A minor form of starch
branching enzyme in potato ( Solanum tuberosum L.) tubers has a major effect
on starch structure: cloning and characterisation of multiple forms of SBE A.
Plant J. 18: 163-171.

Kawasaki, T., Mizuno, K., Bada, T. and Shimada, H. 1993. Molecular analysis

93



of the gene encoding arice starch branching enzyme. Mol Gen Genet. 237:
10-16.

Khoshnoodi, J., Blennow, A., Ek, B., Rask, L. and Larsson, H. 1996. The
multiple forms of starch-branching enzyme | in Solanum tuberosum. Eur. J.
Biochem. 242: 148-155.

Kiel, JA.K.W.,, Vossen, J.PM.J. and Venema, G 1987. A general method for
the construction of Escherichia coli mutants by homol ogous recombination
and plasmid segregation. Mol. Gen. Genet. 207: 294-301.

Kimura, M. 1983. The neutral theory of molecular evolution. Cambridge
University Press. Cambridge, UK.

Ko, Y.T., Chang, SKK., Chen, H.C. and Li, Y.C. 2004. GBSS activitieson
mungbean (Vigna radiata L.) starch granule and analysis of its total protein

profiles. & AL ¥ * H 2 5 5415 42(2): 132-139

Kossmann, J., Visser, R.GF., Muller-Raober, B., Willmitzer, L. and Sonnewald,
U. 1991. Cloning and expression analysis of a potato cDNA that encodes
branching enzyme: evidence for co-expression of starch biosynthetic genes.
Mol Gen Genet. 230: 39-44.

Kuriki, T., Guan, H., Sivak, M. and Preiss, J. 1996. Analysis of the active
center of branching enzyme Il from maize endosperm. J. Protein Chem. 15:
305-313.

Kuriki, T., Stewart, D.C. and Preiss, J. 1997. Construction of chimeric enzymes
out of maize endosperm branching enzymes | and I1: activity and properties. J.
Biol. Chem. 272: 28999-29004.

Larsson, C.T., Hofvander, P, Khoshnoodi, J., Ek, B., Rask, L. and Larsson, H.
1996. Three isoforms of starch synthase and two isoforms of branching enzyme
are present in potato tuber starch. Plant Sci. 117: 9-16.

Larsson, C.T., Khoshnoodi, J., Ek, B., Rask, L. and Larsson, H. 1998.
Molecular cloning and characterization of starch-branching enzyme Il from
potato. Plant Mol. Biol. 37: 505-511.

94



Li M. 2001. Research advance in chemical composion and pharmacological

action of mung bean. + /5 ¢ %& #3pzk 5 47-49

Li, C.Y., Chu, Y.L. and Chang, Y.H. 1987. |solation and characterization of
mungbean starch. In Mungbean, Proceedings of the second International
Symposium. Bangkok, Thailand, 1987. Asian Vegetable Research and
Development Center. p.528-535.

Libessart, N. and Preiss, J. 1998. High-level expression of branching enzyme |
from maize endosperm in Escherichia coli. Protein Expr. Purif. 14: 1-7.

Martin, C. and Smith, A.M. 1995. Starch biosynthesis. Plant Cell 7: 971-985.

McCue, K.F., Hurkman, W.J., Tanaka, C.K. and Anderson, O.D. 2002. Starch
Branching Enzymes Sbel and Sbe2 from Wheat (Triticum aestivum cv.
Cheyenne): Molecular Characterization, Developmental Expression, and
Homolog Assignment by Diffferential PCR. Plant Mol. Biol. Rep. 20: 191-192.

Mizuno, K., Kawasaki, T., Shimada, H., Satoh, H., Kobayashi, E., Okumura, S.,
Aral, Y. and Bada, T. 1993. Alteration of the structural properties of starch
commponents by the lack of an isoform of starch branching enzymein rice
seeds. J. Biol. Chem. 286: 19084-19091.

Mizuno, K., Kimura, K., Aral, Y., Kawasaki, T., Shimada, H. and Bada, T. 1992.
Starch branching enzymes from immature rice seeds. J. Biol. Chem. 112:
643-651.

Mizuno, K., Kobayashi, E., Tachibana, M., Kawasaki, T., Fujimura, T., Funane,
K., Kobayashi, M. and Bada, T. 2001. Characterization of an isoform of rice
starch branching enzyme, RBE4, in developing seeds. Plant Cell Physiol. 42:
349-357.

Morédll, M .K., Blennow, A., Kosar-Hashemi, B. and Samuel, M.S. 1997.
Differential expression and properties of starch branching enzyme isoformsin
developing wheat endosperm. Plant Physiol. 113: 201-208.

Mutisya, J., Sathish, P, Sun, C., Andersson, L., Ahlandsberg, S., Baguma, Y.,
Pamqvist, S., Odhiambo, B., Per, A. and Jansson, C. 2003. Starch branching

95



enzymes in sorghum (Sorghum bicolor) and barley (Hordeum vulgare):
Comparative analyses of enzyme structure and gene expression. J. Plant
Physiol. 160: 921-930.

Myers, A.M., Morell, K.M., James, M.G. and Ball, S.G 2000. Recent progress
toward understanding biosynthesis of the amylopectin crystal. Plant Physiol.
122: 989-997.

Nair, R.B., Baga, M., Scoles, GJ., Kartha, K.K. and Chibbar, R.N. 1997.
| solation, characterization and expression analysis of a starch branching
enzyme |1 cDNA from wheat. Plant Sci. 122: 153-163.

Nakamura, Y. 2002. Towards a better understanding of the metabolic system
for amylopectin biosynthesis in plants: rice endosperm as a model tissue. Plant
Cell Physiol. 43: 718-725.

Nakamura, Y. and Yamanouchi, H. 1992. Nucleotide sequence of acDNA
encoding starch-branching enzyme, or Q-enzyme I, from rice endosperm.
Plant Physiol. 99: 1265-1266.

Nielsen, H., Engelbrecht, J., Brunak, S. and von Heijne, G 1997. |dentification
of prokaryotic and eukaryotic signal peptides and prediction of their cleavage
sites. Protein Eng. 10: 1-6.

Nozaki, K., Hamada, S., Nakamori, T., Ito, H., Sagisaka, S., Yoshida, H.,
Takeda, Y., Honma, M. and Matsui, H. 2001. Mgjor isoforms of starch
branching enzymes in premature seeds of kidney bean (Phaseolus vulgarisL.).
Biosci. Biotechnol. Biochem. 65: 1141-1148.

Parent,S.A. and Bostian,K.A. 1996. Yeasts. pp.121. Academic Press, London

Poulsen, P. and Kreiberg, J.D. 1993. Starch branching enzyme cDNA from
Solanum tuberosum. Plant Physiol. 102: 1053-1054.

Preiss, J. and Sivak, M.N. 1998. Biochemistry, molecular biology and
regulation of starch synthesis. Genet. Eng. 20: 177-223.

Rahman, S., Abrahams, S., Abbott, D., Mukai, Y., Samuel, M., Morell, M. and
Appels, R. 1997. A complex arrangement of genes at a starch branching

96



enzyme | locus in the D-genome donor of wheat. Genome 40 40: 465-474.

Rahman, S, Regina, A., Li, Z., Mukai, Y., Yamamoto, M., Kosar-Hashemi, B.,
Abrahams, S. and Morell, M.K. 2001. Comparison of starch-branching enzyme
genes reveal s evol utionary relationships among isoforms. Characterization of a
gene for starch-branching enzyme Ilafrom the wheat D genome donor
Aegilops tauschii. Plant Physiol. 125: 1314-1324.

Robin, J.P, Mercier, C., Charbonniere, R. and Guilbot, A. 1974. Lintnerized
starches. Gel filtration and enzymatic studies of insoluble residues from
prolonged acid treatment of potato starch. Cereal Chem. 51 389-406.

Romanos, M.A. 1995. Advancesin the use of Pichia pastoris for high-level
gene expression. Curr. Opin. Biotechnol. 6: 527-533

Salehuzzaman, S.N.I.M., Jacobsen, E. and Visser, R.GF. 1992. Cloning, partial
sequencing and expression of a cDNA coding for branching enzyme in cassava.
Plant Mol. Biol. 20: 809-819

Shirzadegan, M., Christie, P,,and Seemann, J.R. 1991. An efficient method for
isolation of RNA from tissue cultured plant cells. Nucleic Acids Res. 19: 6055

Sivak, M.N. and Preiss, J. 1998. Branching enzyme. Adv. Food Nutr. Res. 41.
89-106.

Smith, A.M. 1998. Mgjor differences in isoforms of starch-branching enzyme
between devel oping embryos of round- and wrinkled-seeded peas (Pisum
sativumL.). Planta 175: 270-279.

Smith, A.M. 2001. The Biosynthesis of Starch Granules. Biomacromole- cules.
2: 335-341.

Sun, C., Sathish, P, Ahlandsberg, S. and Jansson, C. 1998. The two genes
encoding starch-branching enzymes |laand I1b are differentially expressed in
barley. Plant Physiol. 118: 37-49.

Svensson, B. 1994. Protein engineering in the a-amylase family: catalytic
mechanism,subrate pecificity, and stability. Plant Mol. Biol. 25: 141-157.

Takeda,Y., Guan, H.P. and Preiss, J. 1993. Branching of amylose by the

97



branching isoenzymes of maize endosperm. Carbohydr. Res. 240: 253-263.

Tsay, J.S., Kuo, W.L. and Kuo, C.G. 1983. Enzyme involved in starch
synthesisin the devel oping mung bean seed. Phytochemistry 22: 1573-1576.

Um, S.H., Song, Y.O. and Cheigh, H.S. 1990. Compositions of lipid class and

fatty acidsin lipids extracted from mung bean starch. Journa of the Korean
Society of Food and Nutrition. 19: 87-93.

Visser, R.GF. and Jacobson, E. 1993. Towards modifying plants for atered
starch content and composition. TIBTECH. 11: 63-68.

Wang, X. and Young, W.S. 3rd. 2003. Rapid amplification of cDNA ends.
Methods Moal. Biol. 226: 105-115.

Yamanouchi, H. and Nakamura,Y. 1992. Organ specificity of isoforms of
starch branching enzyme (Q-enzyme) in rice. Plant Cell Physiol. 33: 985-991.

Zhu, J.H., Haase, N.U. and Kempf, W. 1990. Starke 42: 1-4.

98



Bgll
Mwol A=ill
B=adl | Bs=siEl
Apol Cwidl I | BstEII
EcoRI Bam&T | I 1 Pl
Taps051 B=mBIL | | 1 DpnI
Beel Tail 11 | 1 Hgal FrnudHI
Hpyl8BIIT | Hpall BpmI T=pGRI| I 1 | | ¥nlI| MboII| DdeT
EpyET Bval | |ITagl BsaWl| ScoSTMI  HpyCHATV || | |Begl MeaIl| TaaI| Ppil
I [ | | 11 [ 11 1 I |
L AT T TR A R I IO e AR T T GAT TICC eI T T T o I To e T R R G T T CAG O U T CE T e CGA T O AT GCAEFCGTCICTTOCTIGTTIIITCTCAGARR AR 110
Eb=I
Hboll MnlI
HinfI| Hpy18B8III|
TEiT| B=stRTI| |
HpylBsI I FokI| |
Brzall | Il DpnIll|
Es=MII 1 | MiooIl I HE=I MaeI |11
EspCHI | | Ppil | I T=pS0ST HpylddIII | 1111
FmnIl 1 | Fall | | Hpyl8BIII I Hpy | SmlI | | 1111
N | | o | I | Lrrrn
111 CEACTTCTICGEARRR T O T T TARR A TC T T CA DA T T T GAT T O CC eI C T T AR TIGC TEAA TC A TAR T TCITATTOCTCARGATCARGATRARTT 220

MnlI
Tap5091

EsaMIT
E=cETI E=plMI|
DponI| BstE5I| |
BstESI Moo ||
EpyCHAV S£aNI Il Mael MnlI Mboll

Cwridl

E=sSI CwiJIl TspDTI

| 2fcI |MaeIll SanI

221 CTECATCITGRCACA T AT T A A T T e T I AT AR O T O A G A T AR T AR T T T AGREEAT TTARCA A TECARGATCRCCATARRTACRCECATTASTGARSZCA 330
EstlI
ScxFI
EslI|
BfaTl PaplI] |
MaeIII Alul] Alul TapDTI SemAll |
BEarT | CwiJI| HphI CriJI Ddel | SeyD4I] |
11 | I 1 1
231 A R L LA A A T T A e TR s TGS T IO T eI G e T TIC T T I GO AR G AR R S T AR TATACC ARG TEAT AR CTARACC TARGACCRATTCCOOGACTIRG 440
II
I
Ca
B=tETI BfaT]| BAmel
DpnI| BeceI| | M=eT
Es1I AlwI Mbel || EheI| | S£aRI HpylE8I HpyCH4Y T=pS058I | TspDTI
| I I | [
441 TECIGGR A AR T T T A G T AT O AT C T I Te e T A O AT O e T A R T TTGAT T TCC ST T TOGEACARTACAR R ACR TIGCACCATGARATTARTARCTATIC S50
Dde=I
Alull
CwidI|
Mwol |
BssHIL | |
ScrFIL | | I
Emel580I | |
B=plZEEI | |
E=pGI | |
Apol Mol ExsI D41 | |
Isp5S05L TspDTI | T=pRI H1laTW| | |
| |
|

551

Hpyl88T1

Ebvi TapS08L =T Hinfl |

AR GE T TR T AR T TT I C T O I e AT AR AR R T T TG e T T A TAC G CAG I Gl TR AGG O T T AC TTACRGAGAG TEFE CAC CT G RAGC TRARGTCAGTAGTR:

|
GRAC TG GRATIGAGTITGETCIT TGRS

TopS0ST
hI HpyEI CspCI|
CaplI Bee | BasFS5I| FokI|

€€l ATTEGAGRITTCAACAATIGGAATICARRTGCAGATGTALT TITTTIIGCCRAACRAT CTGRATGETICACCRICARTICC 770
H1aIIll
CwiRII | BomI
FatI | Eco5THMI
Acil | | 1
BcivI | | 1
B=cKTII| | | |
DpnIll | | 1 Epol
HindI|]| | | 1 T=pS08I
Bac¥I (11 | | 1 E=clI |
[ | 1 ZexFl |
I | MlyI 1 E=al P=pEl | 1
I | Flel 1 B=tETI Cmp&I| | I Acil
CwiAIT | Avral 1 I 1 I | HinfI | 1 DpnI| BarGI| | Hl1aIWw] | I BslIl
FatcI| |MnlI | N | HpylBBIII | | | Mool || AlwI TatI| |Cwidl | | EphI |
[N I B R | [ | 1 11l | 1 1 | | [
Tl TG T I G I AR A T OO R A T A TAC T T TR T ARG C A T A T TO T G TTEGATC AT TTICTE TACAGEIICCTEETGARATTCCATATRAZDG 260
MnlI
EarI|
EstETI ||
CpnI 11 MboII el
AlwI Mbol | |1 Bs=lI FekI | EasFSI DdeI |
| [y | 11 |
881 GRARTATACTATGATCC OO CAGARCAGGA LA A A T AT T AT TCARR A TCC ARG CARAGRCACCARAR TCAC TTAGAATATACGAGTCACATGT TGEAATGRGTAGTCCG 590

99



B=tKTII

Dpnl|
CwiJI BslI 1 TspS00I
HlaTV| Mool I HdaT ]

R=al
CespEl
TatI|
I

y1E88II

Bfal
H1laIII
HoylBBITI CwiRII |
MnlI | FatI| | Beel
BovwI| | Ms=I HpylS6I CwddIl 11 | TspDTI

1101 TGO AGCTITGEETACCRTETCACARA T TTCT T TR ACC TAGC RGO CGRATI TGRRAC TCCACAGERAC TTAAATC T T GATACACER AGCCCATGRACTRAGEICTECTITE 1210

H1laTII Ecel
H=pl MaeIIT
Beel | T=p45L
FokI | EagHI |
HpyBI H1laIII CwiRII| | ScxFI |
E=al| CwiRII | AE1IIIN] | E=aJl| |
C=p&I|| FatI] | EstF31 NN FPap&I| | |
BsrGI|| |CwidI| | I Beoel CwiJI| FasIll | 2I| | |
yLEAL TacIll| M=alIll | MnlI| Ha=III| F=iIll | Fokl EasESI |11 |
I 1 1 1 (NN | o
1211 TTCIGATGEATAT T G AC R AGC AT G I AR R T AR TR T TT A TGO TAR A A TR T T IGA T EEARC TEAT AGTCATTACT TCCATCC TEGGTCACGEEETTATCAT 1320
DdeL
Alul B=al
HinfI Bee¥YI Szal
TEiL CwidI C=p&I] T=pDTL B
EstFSI FokI T=pS0B8I Bael TasI||] CwidI B=tF3I FokI TagI|
| | | 1 | | |
1321 IGEATGTEEEAT eI T ITT AR T TR T GGAR G TG EARG TAC ARG TATCIAC T TIC AR TR R A GA TG TG TECATGRAA TACRRGCTTTEACGEATTTCEATT 14230
HoyEI R=al
B=al]| HlaT ] HpyCTH4III Scal
HintI C=pfI|| CvwiAII 1 EaxI |CapEI |
Ha=TIII B=rzI| || Bs=pMI| | T=p509I |TspRI| iy
T=pGHI | TasI| || FatcI| | Es=aml T=pRI ITatI] | 2£aMI S£aNI |
| L I | | | | 1 | |
1431 TERTGGTGITACAT AR TGATCTACACTCATC AT T TG AGETAGCATICACTGEARETTACRGT TACTTTGGTATGE AR TGATCITGATEC TGTGETTTATC 1540
MnlI
BanII|
BEspl286I|
CwidI |1
=pDTI H1laIIIl | | |B=adl
CwidI CowiBTT | | | |Bwall
CacBI FatI| I | IlEaxI| MaeTIX MbEaII
| MEoITIl | | 113apl|Cwidl | HphI | Baml Becl
(] (A | [ | [ |
1541 TERTGCTEECTRAT AT T AT TCATGEEC T T T O e O ARG T T TAC AT TG IGARCA TG T AT oRAA TG CCAACATT U TGO TTCC TACACRAGR TEETGETETIT 1650
Hpy CHAT
E=zDI |
CrdidI| |
HaeIII| I
M=cT | I
EaeI || | Hpyl#BITI
B=1T | || | SmlI |
BpyCHAY | | 1 | Hinfl [
CacBI | I 1 | | BpuEI TEil | | MnlI Bsrl Hpy8I Beel
|

el
1gs51

MboIl
Cwidl |

BeplHI |
B=e=MII| |
[N

CdelI |

PleI|

H1laIII||

Bcll

Mbol

CwriAIT
HoylSBIIT

Hinf£l

|

i
il
il
il
il
il
s
1

tu.

176l ARGATGECIGERARA AT TCTRGCT TAT U TGRGAGCT CATEATCAGGCCTIGE T TELTGROAS

100

|
|
| Becl
|

T=pDTL

1 |
T T TR A T O T e AR T O T T e A G A A T e T T AR T T O T O A A G A A A A R T A GG Te AR A A TEEECGATAT TETCCACRCACTAACARRIAG 176D

N1laIII
HindI
CwilAII|
FatIl|
1

|
AR TTECAT TTIGE T TGATCEACARGEATATGTATGRCTTCATE: 1870



BstsFTI
DpnIl
HnlI|
CwridI Hin4I ||
HaeIII Sccl Mool ||

| (N
CETTAGRCAGGCCATCTA

H1aIIT
CwiATI
E=aJT |

Btgll
FatI|
Hcol|
FtyI|

BslFI
Cwidl

FokL

1871 T AT A A T eI e T A TAG A T T A A A A A T A T T AR T I AT TACC AT R A TTEE I G TFARGEFIAT TTGARTIITATEEE 1580
B=seMII
Es=spCHI
BatMI |
2erFI |
I |
I 1
I |
BspCRI || I 1
Eael || I E=all 1 HpyTH4III CacAl
E==MTI| || || Suyl EpyET EphI I 2T
o I | I 1 | |
1881 ARTGAGTTIGECCATCC I GAGTEEAT TR TT T ARG T GAR AR AR C T T O T AR T TC A TAR T ICCAGEGARC R AC TACRGTTATGATARA TCCAGGCEARG 2080
Alul
CvddJI
Frnu4HI
HpyTH4T| HM1laIII
H1laIII| E=plHI |
Ts=I| CwiRII |
CwiRII || HpylBBIII |
Fatl 1 S=eMII| |
CwidI| 11 EspHI| |
Tagl ApoI EatRTI I 11 FatI| | BsiHEAT
EcoRV | Tsp309T Tagl 11 11 HinfI || | Bspl2B6I
MooIl MnlI | | Baml | ConI| I 1 T=pDTL TEiL | | Blpl 1
S£aRI H=eT | | 1| BEpyTHYV | | Meol || Il 11 BbovI | MboII | | DdeIl |
N 1 (.
AGCRATGCRRGRATTTGRTCGAGD .

2081 RTTTGACTIGEGA TTTAGRASAARASTTTEER
HT
Bk=I BiwI widI|
MooII T=pDTI I HpyTHEIII EpylBEI| T==I|
| | I |
2201 CGGRRRAATERAGETEACARA ST TATAA T CTTIGRRREEEGCARCCTCETCTI IGTC TICART TTTCATTGECATARCAST TATICAGATTACAGAGTTESC 2310

S£aMI| Fall CwidI CwrdJI I DdeI | Bzel BstFfSI
[ 1 | | 1 1
2211 TeCICAADCCCTGEGARETATARGATTGTCTTGEAT
1
E=sETI EpyrCHAV 1
Alwl Deal| Bovwl | 1
FokI Mool || FauiHI EB=tRPI | | 1
TspDTI | TagIl ||HMnlI HpyTHEV Bfal TeeI| MweI | | B=aBI| || |CwidI Hpyl8EI o Bsrl
I ol | | 1 Il | | 111 1 1 | | |
2421 TGATGACK A TC I TTCT TG T TAT GO A C T T TAGGACAGC AT AGT TTAT G OO T TECAGR TEATGATC TR AT AT CC TTTCAGROGARGTTGARDCAG 2
AlwLl
Alul EsxI BstETI
CwddL CvidIl Dpnl
HpyCH4YV Mwol TspDTI| | MboI |

| | I [ ]
2531 TCCITGCRAGATGRAGCTERAACCAGAGCCAST TGRITCTTE?

Enzymes that do cut and were not excluded

Enzymes that do not cut

AccBaL, AciL, AT, AN AT, Apol, Asal, A=Sl, Aval

Az, Aarll, Accl, Acl, Aoul Afel, AAIL Agel Ahdl, Alsl AT Alol Abw?TL Apal,
Apall, Ascl, AspCNI, Avall Astll

Basl, Banl, Banll, Bbal, Bov, Becl, Boeal, Boivl, Bell, BEal, B, BipL Bmel 560,

Bl Bpml, BpuEl Bsal, BsaBl, Bsall, Bsa W1, BsalIL, BseV1, Bsifl BsiHFAL Bsll
EsIFT, Beml, BzmAl BemBl BsnaF] Bepl286L, BspCNI, BspEL Bsphl, BepMI, Bal.

BsrDI, Bl BssSI, BetAPL BstFSL BstKTL Balll, BstYl, Brgl Bisl

Bamiil, Doel, Binvil, Begl, BEBL BELL Bmzbl, Banl, Bpll, BraliL DeaAL Beail
BsaXI, BseRI, Bszl, BsiWL, BsrBL, BsrF1BssHIT, BstBl,
Bsud6L BreZl

BaUL BaXIL BaZ17L,

Cacll Cspfl. CspCT. CuiAll Ciall

Clal. Diral. Dralll. Dirdl

Didel, Dpnl

Eagl. Ecil, EcolCRI EcolIL EcoO108T

Eael, Earl EcoiTMI, EceFl EcoRV

Faul, Fsel Fepl, FrpAl

Fall, Fatl FrodiHL Fokl

Haell, Hhal. HinP'1I, HincIl, Hpal, HpyQ0T Easl

Eaelll, Hzal, Andl, Hindlll, Hini, Hpall, Bphl, Hpyel, ¢
Fpry Hpy

Mhul, MspAlI

Mael, Marl, Mol WeolIW, Notl, Mul, Neil

I I CHAV, Epnl
MaaIll. Mbol MboIl. Mfel MhI Mmel, Mnll Mscl Msel MsIl Mwol
Mcol Mdel, Khel, Mlalll MIa[V.

Pacl, Pfol Pmel Pmll, Ppuldl, PshAT PspOMI. BspXI. Bsrl Pstl, Pvull, Rsrll

Tazl, Poil, BAMI, Dlal, Ppil,

Sacl, Sacll, Sall, sanDl, Saud6l Soil, SOl Siol, SerAl, Smal, SuaBl, Spel, Sphl, SIi,
Sepl, Swal

Sapl, Scal. ScrFL, SexAlL SHNL SfL Smil, Sl S, SavD4L

Tagll, Taul, Tthl111

Tail, Tagl Tatl, ThIL Tsel, Tsp43L Tsp3081 TspDTL TspGWL TspRI

bal, Xcml, Xhol, Xmal Zral

Xmnl

B =+ ~ Frsbell cDNA &R %) &8 t7 {3 [&) 3%

Fig. 24 The map of Frsbell cDNA sequence with restriction enzyme cutting sites pointed.
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fit sk —

=el |
TspDTI | Hgal
TapGAI | | TepRI|  FrudHI Denl
HpyCH4III 1 1 | Tael EbwI MboI |
M==T | | HEoII MnlI | CacBI | EpyTHAV AIfI I
| 1 | | | | 11 | | |
1 ATGITTARCTGTCIGT GO I TR T O G T I AT T I O G T e T T TC AAC CG T I G L T ACC I TCACAC TG TAAGR AT AGEC AGCGTCTTECACCACAARRGTCAGTICA 11
Mool
IspRI
Bas3I1 EanII
BeeIl | E=iHFAI
BpwTH4V] | BaplZEBEI
E=sETI 11 acT
Brsl 1 Rlul |
ConI| 1l CvidI |
B=tETI E=sgl MooI || 11 EcoICRI | HphI
| | | I 1l [ |
11l TCTTGCTCIIGE AT O T O A T T A TA T e TT TG T I TIGeA T L eAGAAGA T A TeC A GAGR TG TEAGE TCTCGT TICARGEEIGTAGCTGTIATGACTG 220
T=pRI
DdeI |
HindI | SfaMI
MnlI | | AlwI| BssKII
E=sFSI | | T=pGWI || BasETI DpnIl
B=pCHI| | | E=1FT | || CpaIl B=1FII|
FokI Be=eMII| | | | DdeI BexFI | | |[MboI || CvrddI MooIl || Earl
| | |

221 ATEAC AR T A A A T T A TC A T A AA T A T T A AR C A TTeECATCTTITC TRTIGATCOGT COCTARRGCC

Tail
S=aiIl |
ZnaBI |
|
|

¥

231 ARRTACGTAGATCAGARAR A GO TTAT TeAAGARTATCARCES

MnlI
|

EpylESIII |

HMooIIl |3mlI |

Apol
T=sp505I
TspDTI |
|
I
I

| |
CICT TeRCEARTITGOCARAGETIATTTCE

| |
TATARRCGATCRCITCARRTATAGACTGAAMG 330

R=al
Apol CspEI
IT=p508I Mool
Fall BpuEI | M=el T=pS08I |Hpyd

|
TITGGRITTARCAGRCRAGRRACETGGAATTGTEIA 440

Mwol
Hoyl88III |
EarI| I
E=pMI | I
BpullIl| |
DdeI|| |
e
e
Eme=15501 [ I
BaplZBEI [ I
HlaIv| [ I
SBanI || [ I N
BslI [l [ A . Bami T Fokl Ba=lX
EbvI | I [ N EsmeMII B=tESl | EE£1MI S£aNI
B=tUI | | 1MwoIl ||| | BE=pCHI ol E=sFSI 11 XemI | M=e=I
Bcil | | [ 1T=eIl ||| |T=p508I] M=mel Bocol |HLaIV | FokI | 1 E8IIT Alwl
11 | 11 [ I 11 | | | 11 I 1 | |
421 COECGAL =R T T T CA ARG AR R A TTA T TR A T T T TAA TR T e e GA T e T T AR CC A CAR A TE R AR AR AR TCRCTTTEETETC TEEAGTATTA 550
BEstEFSL
BstKI
Hsl1
M1aIII|

B=tKII B=tETI
Hoyl38III DenI| |
=Y ] AluT TagI| HinfI MinaT I B=pMHI| |
MboI || Becl | E=aEI CviJI  HpyCH4III || Ecil TEil FokIl | 11 B=aXI Mool
11 | | | (| B | (]
S5l ARRICCC I A TG I A T AR T O A GO TA T AC CA A C AT TC R AGAGTEAAGT ITAGRTICCECCR CEATEEAGT TTEEETIFATCECATACCIGUTTEEATCARA €60
BmrI
BstKII |
DpnIl |
BstEII HlaIv]| |
DpnI Bl BsrI]| ]
Meal B=1I BamHI| || 1
T=pRI FoudHI EL1MI Alwl [RRN! |
CH4III | H4V| HdeI | HpyEI|Esc¥INlI 1
AlwI Alwl | Izsel| Becl | ZecI| | HooIlll | IHpylBE CviJI
| | | N | | I e 1 | |
€6l TR AT T IGATC AR ARG I T T AR T AT AT AT T I CTAC TG RATC CACCACTTICRAGREE TATGRETTITARATATCCACGTOCACCRARARGCORRA 770
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S=adl

Btgl
HlaIv | M1aIII
CwdJI | CoriAIT |
HaeIII| | FatIl | HpyTHEW
EzaQl108T]] | TapGWI| | Apol |
SauSeI|| | MnlI CrddI 11 | MnlI Tsp3058T | Tagl
| |

| |
GG A A TR A TR G TCA T T e EGA T AT AT T TR O TO G A TR A A C T T TACR GEGAR T I TR EA TGRGA T TTIGCCCOCTATTCGRAGCARAATRACT

T71 880
Cwidl
HaeIIT
1
E 1
Alu 1 HlaIvw
CwidI 1 HpylE8IIT
M=pAlI 1 BE=tETI| B=tKIL
Bwuall ] DpnIl| DpnI|
Eccl 1 EglII |11 BglII ||
HpyCH4III | 1 EcoRV BatYI |11 B=tII |1
Ece®AI | | 1 S£aNT HesI |1 MoaI ||
[ . 1 | I 1l Il
28l ATAATACAEI ARG TeA TG eI T A TR A T T T T AT TAT G ATCE I TTGEAT AT CA TG TARC AR AT I T TTTIGC TETCAGCAGTAGRTCTGEAACCOCTGRREAT 550
Bfal Bsrl
Acul H1laIlI|
EcoS7HMI CriII ||
HpylBEI FasI I MlyI
MeoII | EccT H=1T| 11 Flel
H=el | | Cwidl CwiJI|| HpyCTHAV | BE=stFSI FokT| | | |HpkI Beel | HinfI CwidI
! | | | 11 I | 1 1 ! | 1
851 CTIARRATAT TR AR T ARG T AT AU T A AT TECAGE T T I TeA T AT I T AT ATAC TCAT G U AGTAR TARCATCRCCCATERACTCRATGECITTGRATET 1100
CwiJI MnlI
Ha=III M1laIII
M=cI Hinfl CoildlI | BpmI HpyBL Berl BmzI
Ea=I | TEil FatI| | EceSTMI AccI| H=el MboIIl  |EmnI]
11 | (R | I | [ I
1101 TeECCAR T TR AR GA T T TR T T A T o e T e CAGE TAGAGE I TA T A AR I T T e A TACTAGRC TATTTAR C TAT GO CAACTGEEAAGTICTTCEITTCCITT 1210
HinfIl
TELL
H1aTIII
Tagl CwiAIl
BAwraT| B=aJI|
PapXI| Apol Begl|
SmlI| Bcc FasI|
XhoI| T=pS08I
M=l CvadIl | Drall Ecc
IspS09T M¥nll 11 Me=aT || B==kZT TagI| Ma=TTT I E=rDT
| 1 Il [y | 1 | !
1211 TR AR ARG e T e T A GGG T AR A TT TR I GeA T I TCRR T T TeA T e eR e L AR CA T AR T TG TAT C AT CACCATCEARTCARACATIGUTTITACREEE 1320
S£aNI
|
I
[
HpylE8I || [ ]
HpylBETI AlwI 111l 11
C=pCI | T=pS05I | (I [ ] T=pSOEI
C=pCI SfaNI Z£aNI | | CwidI | | 111l 11 |
Pmi SspI T=pDTI | B=tFS5I | FokI | CacBI I | MleI || 1 |
I I | I 11 ! I | [ | 11l 11 |
1221 GRATIATAATGAR T AT T T T AGCGR A AR A A T GA T T T T C T AT U TR T o TeEC TAR TTC TC TeATCCAC A G TATT TTEOCAGRTGOARI TG TAATTGOIGA 1430
E=lI
FELMI
Tsp309T |
BAeoul 11
BatHI | |
EcoSTHI | |
cxFI | |
HlaIIT | | |
HspI | 11 Cri
Fap=L | | | Be=aJI|
Sch | | |
SeyDel | | |
CacBI | | | |
CoidTIIl | | | | T=pS08I
FatIll I I | IE HoyCTHSIII | Cwidl
MeaII||1 | 1 | | 1 | E=hAT Efal
[

1
1431 AGRRIGTTICIGGECA TGO CAGaR AT E T A A T T T T AC I GERR I T T I T TR TAT C T TAG I CATEEC TATCCCTEATARR TEERATTEAT TACTTGRAGR 1540

—_———————H

1541 ACRAGE

KemT

CwidI |

HaeIII |

BE=tHI | |

ScxFI | |

BEslI| 1 |

EspeIll 1 |

SuypD4I] | 1 |

H1aIITIll| 1 |

CviRIT  II0D 1 |

E=pCKI T=pRL Fatl Her 1

TspDTI EmaMII DideT | CwridI| 1111 I |
| | | I 1 [N 1
TEEAGT TIGACAAA TAGGAGR TACAC T GAGRART G TG T I T CCTATGC TEAARGO AT GRS CAGETCA
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EsthPI

MwoI
Hl1aIII T=plTI

H=pl E=tKTI EarI

HpokhI CwiRII | DpnI| E=rDI HoylS8EI

Boc HopCH£III| Mol BstESl Fokl Fatl | AlwI Mool || MEoIX| Sapl

| 1 I | 1 | (I | 11 I

1651 GETGATARGACT I IGCE T I T T AR TG A T ACG AR A TG TA T I TG A TG T O T TG I IGG T T A TC I TC T TAT T I TRAG I GRAGECAT TECTC TTCAGR R

Hpall
HpylBEIII
E=aWI|

T=p3081
T=pDTI
CviJI| M==I| FatI]

I I Il

17€1

=sRTI

-

E=agl HMbcl ||

BoiVI | BsaBIl ||

=pRL | | BspCRII ||
HinfI| | | B=eMII|l ||TapDTI
T£2Il | I¥phI |11 |IDd=I |

g 1
Ha=III 11
M=cI 1
Ea=T | 11 Bieel B=tFST
BsxrDI 11 | |1BccI E=1I | E=sxDT |

GATACAC T AT A AT A T G AT TAGG T CAGA G TAC T TAR T T TCA T GG A A TEA G I T TGO CATCCCGACT G GAT I GATTICCCARGAGRRGECARTGERATEEA 1870

BemI

Apol

T=pS08I

T=pDTI ]
|

T=pDTI BsrDI

1871 GTIATGRGAAGTECAGEC CICAGTGoAATC TG TGEATACAGATCACCTGAGATACARGTITAT A I TTATAGGEIAATGARACTTGITTGRTGATRARATTTICOS 1960
TspDTI T=p508I
Btal Mooll =pDTI |
HpyBI T=pRI E=gl | Z=eRI |
SfaNI HpyCHAV Bb=I | || MnlI FokI | MmaT
I 1 [ | | | |
183l T T AT AR AR A A T T R AGT e AR T EA T R R A AR T TR TAG T I T TR G L GRGCAGR T IGATAT ITGTATTCRARATTT TCATCCRGAGRAT?
E=stNI
F=pGIL]| |
JeyD2Il | Hinsl EanIl
BstEST I | BsplZEEI
Ha=III | I 2pol Cwd 1 Cwdidl |
T=p43I | 11 MnlI Earl 1 MooII |
FdeT TspDTI | I I TepS505T FasI 1 HlaIW| |
1l
ACC

1 ATATGARGEETATAAAGT IGGATEIGACTT?

2201 GGEEEGTRAR ZZ08

IR AR T A TR G T TE AT TR TAG L AT LI T EAR T T T AGE I CAT S rARGRETARGEAGCCCTARTCICT

2200

Enzymes that do cut and were not excluded

Enzymes that do not cut

(Aarl, Accl, Acil, Acul Al AN, Alwl, Apol, Aval, Avll

Asll, AcchsL Acll, AfI, AfII, AANL Agel, Abdl Alel Alol, AlwNI, Apal, ApaLl, Asc,
Asel, AsiSL AspCNI, Avall

Banil, Banl, Banll, Bosl, Bovl, Bocl, Boeal, Boivl, BEL SEEL Belll, Buel S50
BmzBI Byl Bpml, Bpuldl, BpuEl BsaAl BsaE , Bsall, Bza'WI, Bsa®d, BeeMIT,

Bael, Bbel. BowCL, Bezl, Boll, Bzll, BIpl, Bl Bpll, Beal, Boet L BaiEl, BiWl, BarBl
BaFL Ber(l, BssHIL BetBI, BefEll, BstZ1 7T, Bsu36l, BigZl

BzeFI Bs siHELAT, Bsll, BsIFL, Baxl, BsmAT BsmBI, BsmFI, Bspl286I, BspCHIL,

BspEl, BspHI, BspM, Barl, BsrDI, BssSL, Bt APT, BstFSI, BstkTI, Bsihl, BstUL, BstXI,

Bst¥T, Beal, Bisl

Cactl. Cap6l, CspCl CuiAll Chall Clal

Diel Dl Diral Dralll, Dirdl

Eael, Earl, Ecil. EcolCEL Eco5 7ML EcoO108L, EcoRV

Eagl, Ecoll. EcoRl

Fall Fatl. FoudHI. Fokl

Faul. Fsel, Fspl, FopAl

AT, ], Hincll, Emell], Bmil, Hoall, Bphl, Hpyel, Bpyl88L, SpylGeil,
. HpyCHAIV, HoyCH4V

Hzell, Hnal, Fanb 11, Hpal, Bpyool

. Dlbol, MbolL My, Miel, Mull. Mscl. Msel M:ll MspAll Mwol

Ka:l, Epnl

Meol Wdel, Wialll, MaTV, Nsil Nspl

S

BfIMI. Plel, PshAT Psil, PspGL, PspXI, Pyvull, Esal

Mael, Marl, Moil, WeebIV, Mhel, Notl Ml

Sacl, Sapl. Saul6l, SaFl, SGNI, Smil, SnaBI, Sphl, Sspl Sevi, StyD4I

Pacl, PasI, Peil, Piol, Pmel Pmll, Ppil, Ppull, BspOMI, Perl, Pstl, Byul, Rsrll

Tadl. Tagl Tatl TAI Tsel. Tsp45SL TspS08L TspDTL TspGWI, TipRI

Sacll, Sall, SanDl, Sbfl, Scal, SexAT Sfcl, SAI Sfol. SgrAl Smal Spel Srfl Stul, Swal

eml, 3ol Xmnl

Tagll. Taul, Tth1111

Xbal, Xmal Zral

i

L]

B —-+ & ~ Vrsbel cDNA &Y R4 88 1y 4 &)

Fig. 25 The map of Frsbel cDNA sequence with restriction enzyme cutting sites pointed.
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# 3 SBEII cDNA (Vrsbell) R B2l 8 5 3£ NCBI §# B a9 F 1o #

Enzyme Accession no. Species Full length Matched Matched Identity Reference
(amino region length Ya
acids) (location) | {(amuno acids)
SBEIL BAAB2348 Phaseolus 870 1-870 796/871 91 Hamada et al.. 2001
(AB020548) vulgaris Biochem. J. 339 (1):
(kidney bean) 23-34
SBEIIa AABGT316 Zea mays 814 108-809 506/702 84 Gao, et al., 1997
(U65948) (corm) Plant Physiol. 114 (1): 69-78
1,4-alpha-D-glucan | AAB17086 Triticum 729 38-720 575/602 83 Kroeger. et al.,, 1996
6-alpha-D-{1.4-alph | (U663 76) aestiviim online Submission
a-D-glucanotransfe (wheat)
rase)
SBEIIa AACGOTS3 Hordeum 734 43-734 581/692 83 Sunetal. 1998
(AFD64560) vulgare Plant Physiol. 118 (1):
(barley) 37-49
SBEIIa AAKI6822 Triticum 768 77-768 570/692 83 Rahman et al., 2001
(AF338432) aestiviim Plant Physiol. 125 (3):
(wheat) 1314-1324
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SBEIL AAB33385 Zeq mays 738 40-735 557/687 81 Guan. et al., 1994
(cormn) Cell. Mol. Biol.
(Noisy-le-grand) 40 (7):
081-088
SBEI CAAS56319 Pisum sathum | 922 1-865 713/873 81 Burton et al., 1995
(X80009) (pea) Plant J. 7 (1): 3-15
SBEIL AAATBSTL Zaa mays 799 110-7%6 354/687 80 Fisher. etal., 1993
(LO80OGS) (corm) Plant Physiol. 102 (3):
1045-1046
SBEIIb AAPT2267 Sorghum 803 69-800 564732 77 Mutisya, et al., 2003
(AY304540) bicolor I. Plant Physiel. 160:
(sorghum) 021-930
1.4-alpha-glucan AABO3100 Arabidopsis | 800 24-800 616/806 76 Fisher. et al., 1996
branching enzyme | (U22428) thaliana Plant Mol. Biol. 30 (1):
isoform SBE2.2 07-108
precursor
SBE EBE4 BAARZS2E Orvzasativa | 841 39-841 620/810 76 Mizune et al., 2001
(AB023408) (rice) Plant cell Physiol 42 (4):
349-357
SBEIIb AACGO754 Hordeumn 820 87-826 5651751 75 Sunetal, 1998
(AF0643561) vulgare Plant Physiol. 118 (1):
(barley) 37-49
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SBEIL CAAT2154 Triticum 823 32-823 605/811 4 Nair, etal., 1997
(Y11282) agstivim Plant Sci. 122: 153-163
(bread wheat)
SBE2 AAGITE23 Triticum 823 32-823 606/811 4 McCue et al.. 2002
(AF286319) agstivim Plant Mol. Biol. Rep. 20
(wheat) (2): 191-192
SBEIL BABG4912 Ipomoea 868 1-866 645/874 73 Kimura and Saito, 2001
(AB071286) baratas online Submission
(sweet potato)
RBE3 BAAQ3T738 Ornyza sativa | 825 19-825 602/828 72 Mizuno et al., 1993
(D16201) (rice) J. Biol. Chem. 268 (25):
10084-19001
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# 3 SBEI cDNA (Visbel) % #2 ik 8 /7 5| fe NCBI § & 6944 § 1o #

Enzyme Accession no. Species Full length Matched Matched Identity Reference
Protemn (amino region length %
(Nucleotide) acids) (location) (amino acids)
SBEI BAAB2340 Phaseolus 847 1-722 688/722 95 Hamada et al., 2001
(AB029549) vulgaris Biochem J. 339 (1): 23-34
(kidney bean)
SBEII CAAS0320 | Pisum sathum 826 8-716 594/710 83 Burton et al.. 1995
(X800010) (pea) PlantJ. 7 (1): 3-15
1.4-alpha-glucan | CAA40463 Solamam 861 75-734 544/660 82 Poulsen and Krerberg. 1993
branching enzyme (3[69803) ruberosim Plant Physiol. 102 (3):
1053-1054
1.4-alpha-glucan CAAS4308 Manihot 852 1-732 574/732 78 Salehuzzaman, et al., 1997
branching enzyme (X77012) esculenta online Submission
(cassava)
SBE AADS0279 Sorghum 832 50-721 505/674 74 Hsieh, et al., 2002
(AF169833) bicolor online Submuission
(sorghum)
SBEI BAAO1584 COryza sativa 820 43-715 405/674 73 Nakamura and Yamanouchi,
(D10752 (japenica 1992
cultivar-group) Plant Physicl. 99: 1263-1266
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SBE1 AAPGEOO3 Oryza sativa 820 43-715 405/674 3 Chen, et al, 2003
(AY302112) {japonica Zhongguo Shuidao Kexue
cultivar-group) 17: 109-112
starch branching AAPTII68 Hordeum 775 14-664 478/651 73 Mutisya, et al., 2003
enzyme I (Y304541) vulgare J. Plant Physiol. 160:
(barley) 021-930
starch branching AAG2T622 Triticum 833 49-726 486/679 71 McCue, et al., 2002
enyzyme 1 (AF286318) aestiviom Plant Mol. Biol. Rep. 20
(wheat) (2): 191-192
starch branching AAD30187 Aegilops 820 46-722 474/679 69 Fahman, et al., 1997
enzyme I (AF525764) tauschii subsp. Genome 40 (4): 465-474
Strangulate
(wheat)
starch branching BAB40334 Ipomosa 696 8-651 304/651 60 Abe and Onehi, 2001
enzyme (AB0D42937) batatas online Submussion
(sweet potato)
RBE4 BAAB2RIR Oryza sativa 841 162-804 388/650 59 Mizuno, et al., 2001

(AB023408)

(rice)

Plant Cell Plysiol. 42{4):
349357
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