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H M 20 TH £ 804X, 8 1451 % J& K] )il % (Nicotiana
tabacum) il tH: LAk (Zambryski et al., 1983), %
BT MR BRI 2 R 20K, — B2 KFR
W AR Nz ws ki B AR BEAE & iR AL R 3 4k
AR H & s LR OK B Dl e J DR g R S48
NATTIZ T 30 B DR ARV 2 S 2 MR I e R T
TSRk EE R (Halpin, 2005). PRIk, Anfapks i ds . ARt
B J 18 55 2 JR O T R RS I 2, B AR T
FE T BB R AR W 22 i R W [R] ik 2 H ATt A it
DRI TR T I ) B R o R AR VR 2 X a2 T BA
ORI B I 2 2 K & Kk 241 (TransGene  Sta-
cking Il System), HI7E/KHE(Oryza sativa) 113515 78
MNE5F R A SRR AMNEEE R, B T ok
Fbrid, I EEE RARE) LK Fifii(Zhu et
al., 2017). TR AT 1 N2 4 1 2 B D9
WHREE 22, B0 R FAEH 5 7 5 ) 1 J5 3lICre
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i AR Ah, IERA AL PiaEE. RS
bR E L TR AIE T 5 % 45 4E B (Wang and
Stoner, 2008; Zhang et al., 2014). Kk, KLk,
TEH RAEDNRENE R M TT R BT OREE S AR it o 2L R
ET7H BA BEMPTRNE. ZEMPTRERY, HY
HAET 2R B A LA AR R 2%, A, B R iis
WA R Z R ER, FNEHERZHE
B, DA AN R A 4R E% B b b o0 25 D] 1) I 28 3Rk
(Holton and Cornish, 1995; Ogata et al., 2005; Gro-
tewold, 2006) . AL AN B H 73 B R I E AN 56 1
b RAEMAL 4 B(Shin et al., 2006; Ogo et al.,
2013). AL, mFEMBLER T, ARS . B e s R
RIHEAT R B R E B . Oy T TR i) R, X D 24
PR BN E S o 1 Bl EOK IR AL 18T R A &R
AR I IhRE. FEFCREL, EoK(Zea mays)IFliE
3 [F - OsB1 (Booster 1). OsB2 (Booster 2) [ 4
¥ %K OsDFR (Dihydroflavonol-4-reductase) 7t A~ [
() /KRG it B R R AR B, TR T 2 I OsC1 (Colored
1)FIR ZHAETE A A% 1)k RE KRR R 2L R 38
A TRECE R . ARt e £ HAREE D, H T 9%
KRB P AETE RIGE B 2 TR 8T 21 6 A
DR 0 1) o B DR ST, ISR I 4% 1K FE IR AL R AN R
K EAR R IBAETE R & S K 5 K 2 F H % (Soleno-
stemon scutellarioides) H [ [ 5 % K| SsF3H  (Fla-
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vanone 3-hydroxylase). SsF3'H (Flavonoid 3'-hy-
droxylase) . SsANS (Anthocyanidin synthase) .
SsDFR (Dihydroflavonol 4-reductase). SsCHS (Ch-
alcone synthase)f1SsCHI (Chalcone isomerase). It
Ab, BFFEN AT b R A BE PR 5 YR R AR 45
FIH EAKF K ZmLce (Leaf color). ZmPI (Purple leaf)
F7KFE P YR IE [ OsWD40 (WD40RY i 5 [K-F) 34N 3k
R ik = E# T MBW (MYB-bHLH-WD40) & &
Y, MAEL3ANTE AL LR 7L A R A TR B R ik
LT &G U S IR EE R ) Rk i 3 i e . K&
R 9T D22 S A IR B A e R A R
WA, B 715 A AH SR EESN, IEH VEZ S B4
K ¥ s Ml 9% % [ 2 5 H  (Holton and Cornish,
1995; Ogata et al., 2005; Grotewold, 2006). {7
R 2 Rl vh /D TR s £ 1 T3 A0 ) HARFE B, MY
FI AT SN S . i s it ae ), HE
Boue BRI . MAZTGSIRSE, W AR
SRS HEE FE, K2 TR &R TR E A6 R
ML R A B RS IR AL h Rk, I
HAE AL S AR RAEE &= KA HM R X — B FT R
RAATHE | 2 BRI BoRBE &2, IE AR
PEAR IR AR ) TR o R SR 75 1 2 2 R0 B A3

2 TGSI: — /a3, BN SEEAZEKL
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ERAMCMBL Z, WS IR 2 EE T TR
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IR R A Ak L 2 B2 LA R 3R SL AL R — 52 44
UM ) J7 v, 35T R4 2 JE IR Bk S 3R I B B TR vk
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HENSER KL H g n, AMEEE R R IA AR 2 DL AT ik
P B DAL £ BRAGER R AR G T 5 2 B %=
AR N T4 o4k (BAC) 5 7] #5404t 44
(TAC)Z: 31k 2 4 )T & (Hamilton et al., 1996; Liu
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loxPH H I AR 2 F K S8k R 58, FI AT
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SAMII i, FE DR I TS B AR a0 A& (Liu et al.,
1999, 2002). 7£ “E kK" IR RS, B FEIHIBA
TE A FR BB B — P 583, K CrelloxPE 4
A5 AN VI M Gateway 4 R G454, @2
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(PYLTAC380GW) e [al E 4, K5 10 FME LR IE N
ZAREAE, KRB TR RIE T8 M ETH &= A
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3 E{EEREERICHIER

ARPIE S, 3 FERR D A ORI B2 i 1AM ]
AR, R 23R I i R v AN ] /b 1 i 3k
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BFEILFA . B e AT m R R e AN T A R S
(Miki and McHugh, 2004; Yau and Stewart, 2013).
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I8 o E 2 e K B b i BE R 41 B (Austin et al.,
1981; Dale and Ow, 1991). HARAEFI &% E3Fh 7
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Development of “Purple Endosperm Rice” by Engineering Anthocyanin
Biosynthesis in Endosperm: Significant Breakthrough in Transgene
Stacking System, New Progress in Rice Biofortification

Li Zhu, Qian Qian’
State Key Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 311401, China

Abstract With improved transgenic technology, there is great potential for bio-fortification of crops. For complex agro-
nomic traits controlled by multiple genes, single gene transformation is insufficient, and multi-gene engineering is limited
to technical factors. Regulation and expression of metabolic modification and a series of related genes is more difficult to
break through. Recently, Chinese scientists successfully engineered sophisticated anthocyanin biosynthesis in rice en-
dosperm, which suggests the potential utility of the TransGene Stacking Il System for synthetic biology and improving
agronomic traits in crops.
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