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BWE LCEBRITEMCMAERN “Goda” RS TIEY™ &, (AW kA SRR BRI ™ E R, “Geod
i FEETHEAERORPAGESE M. TR ARRI, HAERESH S CER FDELLAE [ it i
GRFAIM f i+ & 2= BRI, 9B FT i R R R AR 0 il Rt T R 7 R Bl 09— U A ik — 5 7R 7 GAfS
SRR G RN AT X EAERIE L] . %W 5 K BLKFE (Oryza sativa) NGRS A K HIE 0 BER H B — AR, HEEZ
BT . Wi FHPRC2, NGRS D14F10sSPL1A%E 73 BEMIH) B X Jr £E 47 s 47 H3K27me 3 R ZE AL B 11, AN T 01| 20k .
MTERIBAT L 5 T B R IBNGRE ] LA R /K P T HI/KFE = 2. NGRS Rt 4 5 0 75 55 3 2 AR GID L — /N 3T AL xR,
ZHNH AP ORI T R R B R T IEB AL, I mrEm A Gty B A R E R,

XEIE KR, EEE, BANREE, HEAM
B, WA, RAEN (2020). “LrtadEdy” ik SRR S EE FOUE NI KRS R R A L Y

¢4k 55, 5-8.

R W EAT . HaR RS EEY R
oy, FILAREFREEMERKKE KLMEY - S E
)R [ & 2 —(Crawford and Forde, 2002). 20
224, Haber-Bosch& B £ A D) i A3 R AEY)
A P R RSt FH IR B T R, R T PR £ e
73 DL S 157 o ST, IR 2 A kAR E 7R
MHAEKA Z GRS, FEEFE0"ET
o N T fiRYEX— A B, 2010t B T DLR AR
BAONEERER R “ata gy (Green Revo-
lution), AAXAE PR 1 = RS GG BRI 7] B, 942 ik
HE TR R TG, HE— PR T RE e E
&7+ (Khush, 1999; Pingali, 2012).

“opiar T PR E T A
YK 77 % & (gibberellin, GA) IR A1 58 Sk
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INSENSITIVE DWARF1)45 & Ja e it 5 & 5 4 K4
il # 3¢ 7 7 DELLA % [ B{E, i DELLAZE H 68 #
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SCF (Skp, Cullin, F-box)iz R IEEmEE A 1Az &1L,
JF 1t N\ 26S & A Mg 7 b B% % (Sasaki et al., 2003;
Murase et al., 2008; Shimada et al., 2008; Harberd
et al., 2009). /KFE(Oryza sativa)Z&Ff & Fh 3= 2 ) H
RGN REE SDIKRA, 12K RE FHIRE
RARIER G, MIMIHIKRE LR, A LB R
(Sasaki et al., 2002; Spielmeyer et al., 2002). T
/NZE(Triticum aestivum) A1) F B 2258 A1 3L R Rht 1))
s DELLAEE F % % 5 X ) — S Bk RAZ R AL, 1%
P 98 {f I 4 5 1Y) DELLAER [ XE LAt B, AT 8
DELLAZE H 7E 41 g T A &R, 2 1 7 28 F R AT R
(Peng et al., 1999; Zhang et al., 2014).

IR KA S AR B PUEMR g, fH [
WARAE— A0 E B, RIS R ISR R 20k 8 3
1% (Gooding et al., 2012). %k S 3 H A&
B b UK EE Tl I R B ALK LB, R IR AFA
RKESG AR &, 3G Aol 2E 77 BUAS 1 [R] i i
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IRl T R R K, SRR AKRE S RNE
— Z 5| A 5% 7] 8 (Kong et al., 2008; Guo et al.,
2010). Hfigk 5 2 = A H R R R 1) 25 L,
BETAE PR A ARk, oAt Rt — PR "B 5 R R
FIFHRCR T JE 1 HE . 20184F, i [E B4Rt it L 5 &
B AEW2E 0 FE T 1) AR 1548 4 7E B I — ) @Y
PR, AR KRR 5 R R IE AR
Ji AL E T DELLAE [ 76 44 il Ak = 1) [F) B 4% 1) 0 R
FI S A AL (LI et al., 2018). iZHfFE—H %0,
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M DELLAZ F U #|GRF4 5 GIFL 454 - llﬂzi—’u
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F IO ISR [ A6 DR B A . IR Ak, GRF4IE 1&1&4‘:}%

H3K2 me3

=%

| = [
o ’
()

HATRT LR F AR
-

27me3 \L L) 7me
“ @ “

I A G 35 DR 3k, 3 o o 4 B T 4 B v K R
R M H A= & (Li et al., 2018).,
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Figure 1 The targets and molecular mechanisms of Green Revolution and next generation breeding

In Green Revolution, suppression of GA signaling leads to accumulation of DELLA protein that results in semi-dwarf phenotype,
but it also inhibits activity of GRF4 and subsequently decreases nitrogen use efficiency of crops. GRF4 and NGR5 provide ex-
cellent targets for next generation breeding which aims to crops with high nitrogen use efficiency and high yield. Improvement of
these two genes helps to achieve yield with low nitrogen input and break through the bottle neck of fertilizer dependent yield
increasing. The font size and color of the characters represent increase (red and larger font) or decrease (green and smaller font).
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A New Progress of Green Revolution: Epigenetic Modification
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Abstract The Green Revolution represented by the breeding of semi-dwarf crops greatly promoted agriculture yield, but
it also unfortunately led to the problem of low nitrogen use efficiency (NUE). The achievement of Green Revolution was
mainly based on modification of gibberellin (GA) metabolic or signaling pathways in crops. A previous study has found that
the central regulator of GA signaling pathway DELLA protein negatively regulates NUE through suppressing GRF4, an
essential NUE regulator, which provided a resolution for improving NUE of semi-dwarf rice. A recent study further re-
vealed a novel mechanism underlying the crosstalk between GA signaling and nitrogen response. The study revealed that
NGRS is a key gene controlling tiller number changes under different nitrogen conditions, which is inducible by nitrogen.
Further investigation established that the NGR5 suppresses branching inhibitory genes, such as D14 and OsSPL14,
through nitrogen-dependent recruitment of polycomb repressive complex 2 that promotes histone H3 lysine 27
tri-methylation in the regions habouring the branching suppressors. In addition to be responsive to nitrogen, NGR5 is also
negatively regulated by GA and its receptor GID, and overexpression of NGR5 in the semi-dwarf background is thus able
to significantly improve rice yields under low nitrogen conditions. This study not only uncovered a new mechanism of GA
signaling, but also enlightens the new generation of Green Revolution by breeding high yield crops with enhanced NUE.
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