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YA bHA = VEEGEETF ipt ZRAVV=A REF VI HBREDRIE
BREFTHAS P WAV URUDLER LI-BEFEAMRZ A R OREN

RELK ', BERe' LEREA'

U BRI F A E T8 A AL E RV

TR IVE v DA S A NIRRT 2B OIRAEI T e by v 7 e a2 B 5, A Clkiltis - TEHTFEIC X
STAFHAICBIT DY A MOA = OEMBEFED, IR 52 WEEMEZ BET. (X CHENICEB S DT
E Ny - TaTGIVBEOT T ThLT I n—AGRICED S vaxy BIZ T O RE—Z =D TICT Z7a s T ) v A
HRDYA NI A =V GRRBIE T ipt 2207, A RITEAN UM Z A R 2 ER U7 BRFE T2 3REdhit L, 17 2% %2 AV
RERLUT=%Y A B A =2 % LC/MS/MS Z AW CREMT - ER LTz, T ORERIEMEIY A A =0 TH B iP R tZ BENTh 8 15,
3fELHEIC LR L QW ERmA GO, EAGHREO LRICHZWEFEEERRZVWHERICH 7. FTdblch DER, 7

7 DEEDAMITE ATRET LA X A R TED Y R - 7.

UL, SimflOmE, 53 ST RGN DK 2 A R O 7 384

LY bEmhol-. SBITFEFICBIT LML vy, T, HRrloEfELHONNCT 5.

F—U—R: A bHA=, T Iy, Waxy, BE TR AR, R

RN E L D—FTHDIYA M A =120F

MR OEE, v = — Ny EBREA, BLOFIE, 5
BOBHRA 7 8 S ESEREBERND S, AHF
TN OAEBERED 2 b, REOERFHREIC
EH L. T ABTEBICBWTREREZA
(ZHERT X BT EDRE N AR S T DR AE b
DL KRB EREY HMTEME Y — A, RESEEY
AR E > v DY, BRI ThHES
5. BRFETIZBNT, 1 M A = EHERIT
—BIC LT TS, o LD, YA M=
DSRE ORI > ZMEHEE Y v 7 Bt 2 98D 5 1E A
DT ORREICERL, ToONRE~LFEELH 2
HEEZBND. VUV EROMBREREIND AR
WEIIHE, Ty, T, XU IERES
THo., A A= BpGas T2 flRA T
HNATHNA A< AN LS FITHIM LTz & D) 3
(Gan and Amashino, 1995) °YV A " h A =%
SFECERL R o T B RA X TR OIEHEM L
72 WO H 5 (Ashikari et al. 2005). Zh

LDV A NIA = DOWEEBEZ, A FXOFEFT
A M IA = BRREIE T A2 RRAICRBLS Y,
SR SLICEMESEDL LT, A XDV L
L COMBEZ LN TEZ 20T RN EEZZ LN
L. YA MhA = BRGRIE T pti3A VT =0 b
T A77—€ (IPT) Z=— KL, YAFALT LY
1) g (DMAPP) & AMP 6o VY R_RUT=VT 5
= URY F—V it (PRMP) %469 %, iPRMP
AR FFRHERIZ L > T VU T =T T =
UVARY K GPR), A VX T7=L7T7=r (P), 7
VAT FUVRY R—U g GZRMP), hT LAY
TFURY R GZR), "R ETF (7)) ITE
X TN (K1), tZ BLOHP BNEHRA R D
A= EENDMIPTIZE AV A M A = A RBUEA
AR CH D, AWFIE I3 TR, B
AREINDITER S VNIV ET a7 I 0T T U
R DG T waxy D7 0 E—Z —ZHII S 5 3o
N A = BB T ipt ZREE LA RITEA LT
SA 2 AT L7

FUEFHFEAR S « POZIANL T010-0195 BRI T AR B AT IE IRV 241-438  ASLRFENFK B SR S ISR 5 AR AR

B7F}t. E-mail: wabi@akita-pu.ac.jp

- 67 -



WEIEN S/ FKHRSI KD = 7Y% —F L B /2015, vol. 2, 67-72

DMAPP+AMP

Bl IPTZAfLi=YAM bhA U ERRER
7IaAnNYTIILEBED ipt E&KUAS REAX
D iptd BEFERAW=. ot ipt3 1I2&>T
iPRMP MES N B, TN LARRIZEM O KB R A E
bhs.

mE & AFE

BEFHBRIEYD

Tug Vst —4— ptignaf (77
a7 T U L), BB waxy BA -7 OE—HF—
WB: ipt, 7\ waxy 817 7E—%—WA : pt3
WIEF (A R)DSFEEDO L A NT 7 MRV,
A& 2 fiix 27 % —plGI121Hm 2, #% &%
pCAMBIA1300 I/ B —= 7 &N TW5. £ 1
A ARKE & 5 0 3 amE 2 vz, B ohi-fiix
W& 1I1RT.

Y4 b HA =20

Kojima & @ J51£ (2009) (2~ 7=. BHfE#% 12 B H
ORI LIRARZER CH L. o B2 b AKRR
THIE, ML L 72, %9100 mg BV /v a=7 E—
R 8 AL T v 7 AL, T ITHREEHZETHOL
7o, ZOMEEEK SRR L. NEDOYA N
A=V BEERABT D201, BERKFET v
A MaA =2 (d-CK) ZWNEEREL L THIInL 7.
PNEHEHELL 5 72U L 6 2T D/K BN E/KFE TE & b -
T\%iP, iPR, iPRMP, tZ, t-ZR, t-ZRMP T 5.
K- NEBIEHE d-CK 2% 0.5 ng T OF N5 80%7T & b
= N UJL/1%EERR Aml Z 0%, 4°CC 1 BRI ERE L 7=,

Da=7Er—XER0KRE, 3,000g 4°CT 104y
O L7z, RiG&EIL, WEIC 80%7 & h=h
UL/ 108 1ml 22 CTHRALT v 7 AL,4CT10
SrfERE L% EEEICE L LT, R, &
O 1%EERE 700 pl 2Nz, 7TV RAVEHKET
—30CCHRIFLTZ.

ASLYVAT RIS T4—I2&kBDYSA  hA=Y
DEHFEHL & LC/MS/MS 12 & % iIE

EDT AR L —H —T1ml £ TR &= DL,
T 100%7E F= VU 1 ml TEHL L7 HLB &
TLZTTTA Lo, 1%HERE 1ml THEHL, 80%7
T b= UL/1%EERE 1 ml X2 [BCEH L, 1%
500 pl ZMMz7=. 100%7 % h=rU/ 1 ml %&&
D MCX 1T BZT 774 L, I DS 58 22 kR LS
V72 B £ THARE T I ERmBEFE L7, T 100%
A K 7 —L 1 ml/0. IM HC1 1 ml/1%FERE 1ml C A
{ELTeEMCX BT BT 774 L,80%7 & h=K VUL
/1%EERE 1 ml X2 B G L7, iPRMP 35 K O t—ZRMP
NEN SIS, [ATH T AT 5% NHy/40%7 & =k
U 1 mlX2 BT L. iPR, iP, t-ZR, t-Z
AU S5, iPRMP B LY t-ZRMP % & eyl &
Alkaline Phosphatase (54000 U/ml, 0.32 ul) 37°C
T 1 FFRIALEE A L7-. 10X TBS 93 pl. 1M HC1 46 ul
A T=%, HUB hosrna~ 7T 7 —% b
ERIBRIZAT>C,  iPRMP 35 KON t—ZRMP | U R Ak
AT iPRIBEDN t-ZR E L THIESND Z &I
b, UL ELTNR L — X —TH
ST, LCMSMS figfr & LTELTF D X DI
Agilent 6410 kY 7 /LIUEAG LC/MS/MS % FV 7.

1%EERZ 50 ul 2 1% LC-MS/MS FHOH T AF a—7
WZAREAI, WEAESRZEES < 2 & LT Zorbax
SB—C18 column [2.1 mm id X 50 mm, (1.8 um),
Agilent Technologies] #3535 L, 10uL O > 7 /L%
HEN, il L7=. ¥ L7z Buffer i,
A :0.1% Formic Acid in milliQ /K
B:0.1% Formic Acid in Acetonitrile
Thbd. FlZB->TALBORELZUTOLIIC
EZTh Lz,
Wi (43) /BO) 77— bk 0/15, 4.5/98, 12/98,
12.1/15, 18/15 TH Y, fiiflL—E D 0.4 nL/min &
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L.

RNA #H & RT-PCR

HFEF 100mg ZW T —Xv g v —T
2000 rpm, 30 VR L 7=. RNA % 1 mM
aurintricarboxylic acid 777 F Gl L 2.5 M LiCl
T & 7= (Galis et al. 2004). RQI DNase THL
B L7-1% ipt Friy72 77 4 ~—"TCTPCR #1T- 7.
pt 7oA ~—
IptUp :
GAAGAATCGAAAGGAACGAGCCGTCTA
IptLow :
ATCAACTTATCCTCCATATCTGCGTCAAGC
BUGGAFIE 95°C3 47, 1 [1], 55°C1 53/72°C3 53/95C1
308 30 (Bl Tdh 5. 458bp 2N HEINE SN 5.

R

A RIZBTEYAS P A=V LRILOLER

ipt B THAEA STV L BEERIKICE T 5
A MIA = L_XVOENERET S0, £ 1.
VR LI a AN T, —Rifi—EROR %2 3 S
BINCED T, ZTNENOBAFEA D TRHEHE HiE)
IZHE> TR Z L, #2217y, LC/MS/MS
TRE, EB&E{T-o7. 201 gHitE LY OV
A NI A = BEOFHEEZK 2 12T, A MhA
= AR RS Oy FRERIC i 5 & it EY T
BHAHIENIY A M A =2 1P R0 t-Z LR L C,
iPRMP t-ZRMP 72 £ D & 912 IPT Ik » TAERK S
N2 A B R O R 5 2 WEE LB ZME AN
ot IPT BRSO EHEDFEY OERBEN LN
WS TPRAEEMTA LD THD. WIT, WElEH
KORM & BAET S VNIRRT X —DHOX I L
4% &, Prigpt OfcE3#7T (N5-2-5) C, iP 135 5.4
. tZ 135 2.7 4%, iPRMP |34 5.0 %, iPR 1349 3.6
%, t+ZRMP (359 5.9 1%, tZR I3 4.8 5% < MH&En
72. F£72, WBiipt OfcEld#10 (WB1-G-7) T, iP %
#)8.3 1%, tZ 13 3.01%, iPRMP |%6.9 1%, iPRI% 7.4
%, tZRMP 1349 8.7 1%, t-ZR 1T 7.8 (5 Tdh~7-. #6

(N17-5-1) <°#8 (WB1-16-1-5) 72 E1L EOHE D L
VBT LSO B 7o T SDITHEKME 5% D t

METHELZEZA, LULR EE LSRRI,

iP TiI#1l (K14-2-2), #2 (K17-1-3), #10 (WB1-
®&-7) D 3 %, iPR Tld#2 (K17-1-3), #4 (K20-1-2),
#7 (N52-5), #10 (WB1-®-7) @ 4 %#k, iPRMP
Ti#2 (K17-1-3), #3 (K17-4-1), #7 (N5-2-5),
#10 (WB1-G-7) @ 4%#%, t-Z Ti3#10 (WB1-G-7)
D 1%, t-ZR TIHI#l (K14-2-2), #2 (K17-1-3),
#4 (K20-1-2), #10 (WB1-&7) @ 4 %%k, t-ZRMP
TiI#2 (K17-1-3), #7 (N5-2-5), #10 (WB1-G-7)
D 3 RIRIZE AR L L THBERENRH D Z LN
bhotz. WA L7z RHEIT ZR TIT#S
(WB1-16-1-5) Th 7=, AEEREDOMER, A
L7z iptiBfa 2 FF 2 10 268D 5 B 7 L Ok
OOV A FAA = RBWER LR/ L TWeDIiL 6
R THoT=. UEDZ END, ptiEfafaEALE
ZEIZEST, ARXOFEAZBIT LA M =01
JMIER LIV 5.

ipt-4 *DEE

SERE O OB FOERAZNE L 24,
B K#4 (K20-1-2) D 26. Tmg/ ki H#(N15-3-11) D
20. dmg/ P E THAMLTEY, A Mo A =2 L~
EOMBIR N7z,
RN Yo O EHEEFTO/-FHM

RfES | RS iz JOE—4— [EIEF

1 K14-2-2 SFE prolamin ipt

2 K17-1-3 SFE prolamin ipt

3 K17-4-1 EmE prolamin ipt

4 K20-1-2 2/@E prolamin ipt

5 N15-3-11 BARE prolamin ipt

6 N17-5-1 BARE prolamin ipt

7 N5-2-5 B AR prolamin ipt

8 WB1-16-1-5 B AR waxy ipt

9 [wB1-19-5-1 B AR waxy it

10 |wWB1-B-7 ERE waxy ipt

11 [N1-4-10 EFN none S REE R
12  |wB1-10-2-3 =N none S EEE R
13 Kinmaze £FA none WT

14  |Nipponbare B AR none WT

15 1G3-34 =P N none Ry H/—
16 1G3-29 B A none RYyH—

REH —#7 (X Pr::ipt, R#H8—#10 [ WB::ipt,
R, #12 I EEREZALBGFAIREL
THL o122 8. REEH13 IHLEHOESEE, R
HH4 (XHAEROBARE, REHIS—H16 IR 42—
arvra—LTHS.
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FlHA N IA L LAOLNBEEIC ER LR
#7(N5-2-5) 3 L O#10(WB1-®-7) O 5 Bl 1-12
WCT T U OEES ARSI, Wb B
AR Ry B —ary ha—ILEDEWVTRLILLR
Moo, I, #7(N5-2-5)8 L U#10(WB1-G&-7) D
BHEZOREZBE LA, TNENHATO
HARCEME L Y 5T ORNRho7- (M3). fET
BB T o — X — DR N o T2 ipt BIn T35
EINENCRBL LTRSS Z A 6D, 2R
AR THD.

ipt BILFDHE
A b hA =2 BRE LT & RIRE o5 3 1
(BATERL 12 HE) 2»HARNA 24 L, ipt FEA0
27T A ~—% T RT-PCR 1T\, 55 L~ LT
DRBERRT=. EREEO VIR D> T-#6(N17-5-1)
RN T, 153 DT IR R B D A TITHEBLA L
b (X 4)

F-GRERREDER

Blc 72l b U TA X ARDBAR T ipt3 &R
Waxy B+ 7 1T —4%—WA B X &5 RUTE A
L 72 AR B 7R R & 388k L 7. BIFE WAS, 5, 6,
11, 12, 14, 15, 16 ® 8 Rt HRP THSH. WB
BE—HF— L0 HERIANBRNT ERDHo TS
DA " HA = ORI DER-PEEEIND.

ng/g Fw

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3 -
0.2 -
0T+

0 4

Isopentenyl adenine (iP)
v

12 3 4 5 6 7 8 9 10 11 12 13 14 15 17

pr:ipt waxy::ipt control

ng/g Fw
7

Zeafin (t2)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17
pr:ipt waxy::ipt control

B2 EEBEYSA A ZODERLANL
FEUEYAS PHAMZV IPBEIUV U ERERBE
BARICHRERICERLTL: (R . &Y
HIFHHOWBI-&-T) DREL RILRBEEICEMN -
1-.

B3 Y4 bAAZVLRILDBENS, 2ORE
REBAKRZETILOLBER L. &% 1, A
B DORE.

12 3 4 56 7 8 910 13141517

&4 ipt-1 2 BRIEFOD RT-PCR [Z & 5 RBERHT
&% 0.054gRNAEA3ED cDNA [ZDULVT PCR %
Tof=. BEREIRI1ICETHRHUBESETT.

FE

A XBRFETFTHA MU A = OFFEB LA LTV
5 ipt-E n TR A E R 5 2 LT E .
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IPT D FISEMIT L D0 iR Z % TiEtEH 5
iPOZ ~EAEHEND. iPRZIZESFRIEIT R
WIZET 2 b DI EERMMENS < ipt BEREOH
MOERTH D Z & a2F AT 5H. £72 RT-PCR IZ X
STHE LNV HERTCELEDBEYOR& LA
NA =V DOFEBREIZITNT LN 2> T2, ipt-
RANTEF AR IO ERS KO0 ER S
WEWIH DR H T2, 7T r T IR waxy D7 R
T =TT B CIEED @S R AR
HICTHENRIEERE D ETIIME YA~
A OER-END D AHENEN S D . Z D72 pl I
IREOEDH 2, ZUEDRREETE 22008 LivZe.
ELICKHT-Y OEBTIIHERZEEZRD HITITE
S TRV, S B E R &2 BRE L Twn
SMEERH D . ipt-A 3 & AR L OBMFE 28T
LHBRFREEOT0 T 4 — Va2~ AT LAIET
AR NV RNCBT D0 2R KRE N &,
BE RIS VOB L@ s 8 RS Tn
RN LR EDTOH T IE B TRET D I &M
FeTUNARUN, LR X AW I D AR BRRAE A i 2 D LB
Wb 5.

SHRORE

1. FiizlZ WA:ipt3 Rz BFRTCTHO YA F A
=L ERIET S.

2. VA MIA = OFEREEN EH LIZREITON
THRATET DRFR S 37 GO, 7 7,
TR MERR LY U I REOMREER SN
WE AP~ T <.

3. JiifE A %< 35 7 EREE S A b L, 2 UL
PEDAFEMEIZ OV T HE AR D AEETT 5 .

4. VA M A= OEEZHEST L EBICZOER
% 52 B MU O S5 R D58 b b B 7R D
2H LRV, £ THA MU A = OiFHs
R IR 2 RGN T OsRR AR 12OV TR
TV 7T v waxyy TR —EETCA
FIZEAT HRAHIT .

HEE

AFRITFRT w27 b TRIGERIBIZE] O
Eaz T rbhiz.
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Aiming at the promotion of the sink function of rice seeds by introducing
cytokinin biosynthesis gene
Analysis of the transgenic rice plants with increased cytokinin levels as a result of ipt transgene
over-expression in seeds

Hiroetsu Wabiko', Hiroki Rai', Kenji Ueda'

! Department of Biological Production, Faculty of Bioresource sciences, Akita Prefectural University

A plant hormone cytokinin promotes sink function of the storage organs such as seeds and roots. To enhance sink
activity, we reasoned that seed-specific increment of accumulation of active cytokinin may result in increased sink
activity. Here we generated the transgenic rice plants expressing cytokinin biosynthesis genes, ipt (from
Agrobacterium) and ipt3 (from rice) under the control of the promoters of seed storage protein prolamin gene and
amylose synthesis waxy genes. Developing seeds were extracted, and cytokinin was partially purified by HLB and
MLB column chromatography, and finally analyzed by liquid chromatography-tandem mass spectroscopy;
LC/MS/MS. Several transgenic lines showed accumulation of active cytokinins, iP and tZ at 8 fold and 3 fold
higher levels than those in wild-type plants. Matured seed weight of these lines was comparable to those of
wild-type. However, the growth enhancement was recognized at early stages of seedlings of the transgenic plants
compared to wild-type plants. Further investigation is necessary for determination of quality and quantity of sink

materials. such as proteins, amino acids. and sugars.

Keywords: cytokinin, prolamin, Waxy, transgenic rice, growth
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