Strategies and Practice toward the Challenges to rice production

Development of Green Super Rice
Severe damages by pests and diseases, and
indiscriminate applications of pesticides

Pressure for high yield and over use of chemical
fertilizers

Qifa Zhang Water shortage and drought
Low productivity of marginal lands
National Key Laboratory of Crop Genetic Improvement Pressures for improvement of grain quality
Huazhong Agricultural University Ever increasing demands for increasing yield
Wuhan, China potential

Damages by insects and diseases and

pesticide use in rice Consumption of nitrogen and

phosphorus fertilizers in China

Major pests > g i .
Leaf-folders and stemborers [l © 20 e Nitrogenous fertilizers (http://faostat.fao.org/) :

Plant hoppers ; - ; - 25.43 million tons in 2002

Maé?rtdiseases 30.0% of world total (84.75 million tons)
asl

Sheath blight i b W Phosphate fertilizers (http://faostat.fao.org/) :

'—eaft.’"9m . _ - 9.92 million tons in 2002
Excessive application of chemical pesticides 29.6% of the world total (33.55 million tons)

Severe damages to the environments
Heavy economic costs to the farmers
Harms to the health of farmers and consumers

The total consumption is projected to be 60
million tons by 2030 (H K EAER & BIED

Trends of grain production and fertilizer
consumption in China in the last 30 years Negative impacts of over-fertilization

500 75000
70000
1000
65000
3500

Low efficiency of utilization

Eutrophication of ground water, rivers,
lakes and the seas

High cost to the farmers
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Reducing the quality of the products




Water use and drought in rice Chinese scientists call for a “second

green revolution”
Agriculture uses about 70% of the water

consumed in China, of which about 70%o is used Th Is of “ d lution”
for rice production € goals oT "second green revoiution

Drought is occurring more frequently than ever Less input
before I ;
More production

Better environment
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Green Super Rice Three stages of development

Pesticide spray minimized

Fertilizer application greatly reduced
Water saving and drought resistant
Superior quality

High yielding Drought resistance (8-10 years)

Minimizing pesticide spray (3-4 years)

Large reduction in fertilizer application
(5-8 years)

The strategy of the program

GOAL 1: Minimizing pesticide use

Adequate genetic (gene) resources
Technology matured
Lines and cultivars already available

Main constraints are in policies and
extension systems

Integration of science,
technology, germplasm and
breeding




In the pipeline: additional genes and
transgenics

More genes

CrylAb

CrylAc

CrylCa

Cry2Ab

Cry9C

Shuffling products of these genes
Transgenic rice with multiple resistances
as a strategy for resistance management

Transgenic rice
with two genes for
resistance:

Transgenic rice with Bt gene driven by a Brown planthopper  [cmen  Tom o | mestmasimm:Trwems
H H'S . 1 [ 234
green tissue specific promoter resistant genes o T BT e o R A
reported in the ASD? bph2 12 R R s s | 3639
1 Rathu Heenati Bph3 6 R R R R |40
Prhcs:GUS: green literature Babawee bphd 6 R | R|R|R |02
tissue specific Zhang Q 2007 PNAS ARC 10550 bphs s s s R |43
104:16402-16409 Swarnalata Bph6 s s s | R |43
12 bph? s [ s | s [r[a
Chin Saba bphs R [ R | R | -Ju
Balamawee Bph9 12 R R R 44,45
o jensis [ Bpht0 | 12 | R | R | R 46
0. officinalis | Bph11 9 - E a
0. officinalis | bph12 3 48
Prbcs: C I’leZ 0. eichinger Bph13 2 R R - - |49
BS Bph14 3 R R - - 50
transgenic rice 85 gs | 4 [ R IR [ -] - [50
0. officinalis | bph1s 4 51
B14 Bph17 4 R [rR| - | -[=
0. officinalis | Bph17 3 - [ - [r]s
\ 0. australiensis | Bph18 12 BPH pop on Taebaekbyeo | 54
Lin et al. unpublished Z - = Qianjiang, Hubei, by GC He AS201 bph19 3 [R] -] -[s




Identification of brown planthopper

resistance genes BPH resistant version of
Zhenshan 97 by marker-
Chr3 Chr 4 assisted selection (14 days
s after infestation)

11.
- He YQ unpublished
MRG2346 T Road3
MRG2320—T*8—> | . Bphl4
MRG5949 1.3 RI%%8

8
MRG2684 %

Field resistance to BPH of
plants containing
Bph14/Bph15 developed by
MAS at maturity stage

PCR-based marker selection system developed for Bph14/ 15 He GC unpublished

Reactions of NILs to isolates of Pyricularia grisea Pyramiding of Pi-1 and Pi-2 by MAS
NILs Gene Infection strains Resistangg/ﬂf)requency chré
C101LAC Pi1 82.7
C101A51 Pi2 85.3 45| vzossia w I 2%
C104PKT Pi3 24.0 - vossaL L ross
BL1 Pi1+Pi3 89.3 . L
BL2 Pi1+Pi3 90.7 i IEYRE S [
BLS Pi1+Pi3 933 = IS o [
BL3 Pi2+Pi3 94.7 w -
BL4 Pi2+Pi3 933 o2] 15
BL6 PiL+Pi2+Pi3 97.3 - - e
CO039 (ck) None 0
ZS 97/BL5 CO39/C101A51
Zhenshan 97 Unknown 38.7 He YQ etal.
Chen et al. 2001 Plant Disease

Pyramiding of Xa21 and Xa7 by MAS

chr.11 bacterial blight resistance

chr.6
—G1465

[ RG1109

Hybrids and cultivars carrying
these genes are at the stage of

c50 AFLP1415

c133

varietal trials and production
demonstration.

[ _RG103
) Xa2l
30 J ‘28

—ABY STSP3

—CDO534

Chen et al. Crop Science, 2000, 40: 239-244
Zhang etal, Plant Breed. 2006, 125, 600-605




GOAL 2: Reduction of fertilizer
application

Objectives seem well defined
Researches are under way

Prospects are clear

Improving uptake efficiency

Improving root architecture

From passive to active absorption by
enhancing transporter activity

High-affinity transporters (uptake under low
concentration conditions)

Low-affinity transporters (uptake under high
concentration conditions)

Ammonium transporters in rice

OsAMT1-1 AF289477/AAL05612 532aa
OsAMT1-2 AF289478/AAL05613 497aa
OsAMT1-3 AF289479/AAL05614  495aa
OsAMT2-1 ABO051864/BAB87832 486aa
OsAMT2-2 ABO083582/BAC65232 498aa
OsAMT2-3 NM_190448/NP_915337 500aa
OsAMT3-1 NM_190790/NP_915679 498aa
OsAMT3-2 XM_469225/XP_469225 353aa
OsAMT3-3 XM_469749/ XP_469749 299aa
OsAMT4  XM_470358/XP_470358 479aa

Reducing fertilizer application:
technical definition

Adequate uptake under field conditions
of low nutrient concentrations (uptake
efficiency)

Efficient utilization of the absorbed
nutrients (utilization efficiency)

Improving the utilization
efficiency: the N case

Goals
Improving the efficiency of use and re-sue
Reducing the loss in recycling
Approaches

Modifying the genes involved in N assimilation
pathways to improve the utilization efficiency

Discovering and identification of genes useful for
improving NUE

Genes involved in N-assimilation pathways

Ammonium assimilation

Glutamine synthetase (GS1,
GS2)

Glutamate synthase (NADH-
GOGAT, Fd-GOGAT)
Glutamate dehydrogenase
(GDH)

Ammonium transport and
transfer

Aspartate aminotransferase
(AspAT)
Asparagine synthetase (AS)

From Buchana et al. 2000




;‘?;ﬁfég"fg Identification of genes for NUE based on
SEAL .
WEENFE. BW germplasm

i HRE

}

Mapping populations

% Y

Marker genotyping Phenotyping

Zhou et al. Gene mapping and identification

unpublished |

[ utilzation ]

Low N stress
screening under
rain-off shelter

Core collections constructed by using diversity
of whole genome SSR markers as the criteria
Accs. Core collection Mimi-core collection
in the

bank  Acc. % %  Acc. % %
No. diversity No. diversity

Rice 61479 3074 5 89.9 300 05 66.6
Wheat 23135 1160 5 90.1 231 10 69.1

Soybean 28809 1439 5 91.0 280 1.0 71.0

Data source: Prof. Jia Jizeng (2004)

Construction of
mapping populations '
R ! ™ Donors with specific target traits
large grain(569)
~| large panicle (350 grains/panicle) *
+| long grain (>12mm)
| excellent grain quality
oferance to drought
g oléfrance to low temperature
£ ‘durable resistarice to pest

ST R < N

: Single seed decent

. Recombinant inbred lines (RILs)
Photo by Lian XM et al. i

DH populations




QTLs identified for low N tolerance using
Zhenshan97/Minghui 63 RIL population

QTL Exp Chrom Interval LOD Var (%)

NUE1 RG173-G1128b 3.16 5.8

NUE1 RG173-G1128b 2.67 41

NUE2 1 RM237-C922 4.07 7.8

NUE2 RM237-C922 5.53 9.9

NUE3 C86-RG236 3.08 5.6

NUE3 C86-RG236 4.15 6.4 -0.021
NUE4 G4001-C1003B 2.78 .6 -0.020
NUE4 2 G4001-C1003B 4.03 5 -0.023
NUES Rg393-C1087 X 0.016

Lian et al. 2005 Theor Appl Genet 112:85-96 ) Lian et al. Theor Appl Genet 2005

Large scale introgression of genetic

Overexpression of OsPTF1 increases P efficiency diversity into local germplasm

Genotyping using
markers

WT 3551 35S2

—— Pyramiding,
new germplasm
and cultivars

Gene mapping and
identification
Yi et al. 2005 Plant Physiol

Expression profiling
under low-N stress
conditions

V\‘} V\‘} Rice cDNA Microarray
Control Stress for 2 h

Stressed Control

Total RNA Total RNA Hyb,,dlza“onl

| !

Identifying genes involved in early response to
low-N stress by microarray

Control Stress for 9.d ]

Cy5-labeled Cy3-labeled
Mix

11520 cDNAs of unique sequences on chips




Genes selected from the chip results for functional testing

i T Utilization of the mutant library
CHIPITGM s Ranbindngpron for discovering genes for NUE

CHIP18-01 53 Hypothetical protein
CHIP19-J06 23 expressed protein

CHIP20-H17 64 Centromere protein The mutant |ibrary has three built-in
CHIP20-K18 33 Putative carnitinelacylcarnitine protein or mitochondrial carrier protein . . . . .
family strategies for functional identification of the
CHIP22-H13 22 Unknown protein or Zinc finger protein
CHIP14-FO1 6 33-Kdasecretory protein / protein kinase-related protein genes
CHIP05-E09 0.35 H-transporting ATP synthase chain 9-like precursor > H
CHIP15-B08 0.26 Atranbp1b/Ran binding protein 270 ' 000 In de pen dent tranSfo rmants
CHIP19-H19 .2 Unnamed protein generated
CHIPO1A21 unknow

CHIPD1GOS 8 xyloglucan endotransalycosylase More than 20,000 flanking sequences
CHIPO1H10 X lipid transfer protein currently isolated

CHIPO1101 X unknown

CHIPO3K02 . photosystem 11 oxygen-evolving complex protein 2 precursor M utant I | nes were scree ned fo r var | ous
CHIP04A09 putative elicitor-inducible protein s

CHIPO7M18 3. putative resistance protein traItS

CHIPOBEO9 putative ubiquinone/menaguinone biosynthesis methyltransferase

Mutations at

) T T 0 ; various
The Work|ng E”ha”ﬂ._{ TATA_GAL-VP16 || UAS [mGFPI GUS|—|— K \ ) stages
LB ¢ * RB { albino seedling;

E;;?ecr:]ple of the 000\/‘ 0% e @ W | o | - i

with branches
on the culm;

softer-stems;

semi-dwarf and
later flowering;

Q0 /
UAS|  GeneX | —— - . bushy tillers;
. more sensitive
o® y to cold stress;
.. °® 7 . smal{)er .
Three strategies for functional / - grains per
analysis of the rice genome panicle;
. changein
. . \ anicle
1. Insertional mutagenesis \/ ﬁmrphology;
2. Enhancer trapping ft i.  thinner grains;

3. Ectopic expression Wau et al. 2003 Plant J. 35:418-427 ) A { @ ) é’r‘&frkt'éig?gms

T-DNA insertion mutant libr

GOAL 3: drought resistance

Urgent
Complex

Traits and targets have not been well
defined




Improving drought resistance of
irrigated rice

Targeted stages: reproductive and
maturity stages
Mechanisms

Drought tolerance (shoot)

Drought avoidance (root)

Mapping and identification of genes
for drought resistance

Mapping and breeding population

Zhenshan 97 (irrigated hybrid
parent)/IRAT109 (upland)

203 RILs, F7/F8

The map of QTLs for drought tolerance and avoidance
Yue et al. Genetics 2006

DR Phenotyping of the mini-core collection

Traits phenotyped: DR, root,
WUE

Xiong LZ etal.

Drought stress of RILs for QTL mapping

Separation of the QTLs
for drought tolerance
from drought avoidance
by PVC pipe test

Yue et al. Genetics 2006

Genetic improvement of root depth by QTL
introgression

ZS)

Candidate gene R4

Xiong LZ et al. unpublished




Transgenic rice of a candidate gene R4 for
gMDR4-2 showed longer root than WT

R4
(IRAT109)

r4
(Zs97)

Deletion in the cDNA of
R4 in ZS97

Xiong LZ et al. unpublished

Expression profiles of genes
under drought stress

Materials
Zhenshan 97: hybrid parent (irrigated rice)
IRAT109: upland rice

Transgenic rice with
enhanced drought
resistance

Encoding a
transcription factor
Its over-expression
enhanced resistance
Regulating stomatal
closure

I Severe Stress £1Mild stress [1Mild stress (PVC) O No stress

Seed setting (%)

Hu et al. PNAS 2006

A drought tolerant line found in screening the T-DNA
mutant library

Drought responsive genes selected for
transgenic analysis

PP2C, ABA
signaling, ...

i Transporter,
antiporter, ...
Known function ABA synthesis, Protein
proteins for OA, anti-oxidation

Genes from various sources used for transforming
rice for testing drought tolerance

Xiong and Zhu, unpublished

is-epoxycarotenoid . ~ Qin and Zeevaart, 2002; luchi et
dioxygenase Water status regulation al., 2001; Thompson et al., 2000
Vacuolar Na*/H* :
Choline oxidase Novel osmoprotectant E?l;?;}o;)aellaz 10998' 2000;
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Grain yield of T1 transgenic families from each construct under normal
and two drought stress conditions

Grain yield (g/plant)® Relative yield®

controlled field:
drought resistance

Drought testing in
PVC pipes: drought

tolerance

Photo by Xiong LZ

wild type (ZH11)
Actin1:CBF3

HVA22P:CBF3
Actin1:5082
HVA22P:50S2
Actin1:NCED1
HVA22P:NCED1
Actin1:NPK1
HVA22P:NPK1
Actin1:LOS5
HVA22P:LOS5
Actin1:ZAT10
HVA22P:ZAT10
Actin1:NHX1
HVA22P:NHX1

Normal
growth

3255198
17.65+0.89**
14.59+0.67**

17.7010.89**
15.9140.81**

29*
18.50+1.07**
17.421.10%*

17.7620.90*
13.05+1.01**

Drought stress
in field

7.64£0.23
3.74+0.30*

4.80£0.25%
4.3610.33*
7.30£0.31
4.890.28%
3.98+0.28*
2.78+0.19**
5154027
7.81%0.39

6.62£0.39
6.08%0.25
6.75£0.28
3.56£0.25%

Drought stress
in PVC

21114092
13.7640.62**

124240524
12.32£0.61%
9.9640.55%*
13.14+059%*
13.96:£0.73**
14.73£0.60
14.360.69%*
13.2340.61*
11.1040.66**
54%*
510
12.57+0.56%*
9.97£0.49%*

Drought
stress field
PVC

0.65

Dmu( ht
ield

0.21 0.78**
0.33**
0.25
0.46**
0.21
0.18
0.15*
0.30*
0.47**
0.34**
0.41%*
0.39**
0.38**

0.27*

. .. Ghd7, a major QTL for plant height, heading date
GS3, amajor QTL for grain size and gain number
= o
» Grainsize: a trait ﬁ"‘w W @"\\ ZN
both for yield (grain iy - % -;...p_
weight) and quality 3 g
(grain length) N
« Encodes a i
transmembrane |
=T
protein \ "z b~ " o
« A premature —
termination results e e
in large grain
TNFRNGFR family
cystene-rich domuin
Cell membrane Trapsnsemhrane region
Fan et al. 2006 Theor Appl Genet P
region RSty i Xue et al. 2008 Nat Genet

S5, HIEANT /] RMEK

KB )24
dae et
S

Chen et al 2008 PNAS

S/ Sep (Fortia)

el Pty ssaeil

Combinations of genes and approaches for the

Green super rice
Traits to be

" improved:
Transgenics

MAS

Insect resistances

Disease resistances

Traditional
breeding

Drought resistance

Quality
Super rice Yield

Zhang Q 2007 PNAS 104:16402

Nutrient efficiency

development of green super rice

Genes from 1\
non-rice sources /

Genes based on
rice germplasms
N

Genes based on
functional genomics ,

11



Perspectives

Development of green rice is of paramount
importance to the sustainability of agriculture,
environment and human society.

The task is multidisciplinary and requires
collaborations of scientists working in different
areas and countries.

Arduous but no alternative.
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