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ABSTRACT

Increasing crop yield is a major challenge for modern agriculture. In China hybrid rice has contributed greatly
to the self-sufficiency of food supply. To meet the future demand for rice production, a series of national
programs on super-rice breeding, functional genomics and GM breeding have been established in China since
1996. We have cloned some important high yield-related gk (Ideal Plant Architecture 1),

DEP1(dense and erect panicle 1), GIF1(grain-filling 1), Ghd7(grain weight, plant height and heading date)
andGW2(grain width 2). The development of new plant type of IPA, has been proposed as a means to
enhance rice yield potential over that of existing high-yield varidf#sl, a semidominant quantitative trait

locus, profoundly changes rice plant architecture and substantially enhances rice grdiRAdeddcodes

OsSPL14 (SOUAMOSA PROMOTER BINDING PROTEIN-LIKE 14) and is regulated by microRNA

(miRNA) OsmiR156n vivo. We demonstrate that a point mutatiofOs8PL 14 perturbs OsmiR156-directed
regulation ofOsSPL14, generating an ‘ideal’ rice plant with a reduced tiller number, increased lodging
resistance and enhanced grain yield. So these yield genes have been used in super-rice and GM breeding to
improve rice grain yield. Actual yield of a japonica rice variety XS11-ipal could increase 10% over its CK
XS11.
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@ Progress of rice breeding in China

Big Question For Big Country

Time: Aug, 24, 1994
Person: Americans, Lester Brown
| Question: Who will feed China?

‘ Answer: Chinese

Food preduction muet be further improved

1.1 Threestagesin rice breeding

» High-yiddrice breedingisan eternal theme, getting great
achievement in China

Green Revolution ,1950's

( 2t/ha-4t/ha)

Heterosis, 1970’s
(4t/ha-6t/ha)

Super rice research launched
in 1996
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1.2 Super riceresearch and ideal-type breeding

1.3 Super rice strategy in China

»>High-yield breeding has tended to a plateau, since the dwarf and heterosis
breeding have taken two breakthroughs. IRRI launched a new strategy of Ideal-type
breeding in 1989 and China did the super rice research in 1996. they both achieve
some substantive results, but still have a distance away from the break.

Few tiller ( no invalid)

200-250 graing/panicle

Strong stem (90-100 cm)

Dark green, thick and erect

leaves

Strong root activity B
Growth period of 110-130 d
Harvest index of 0.6

Yield potential 13-15 t/ha

. per rice

Three-step strategy:
2000: 10.5t /ha
2005: 12t/ha
2015: 13.5t/ha

1.5 ]

Theory and application of Super Hybrid Rice |mprovement

® Gene discovery
® Molecular breeding
® Breeding by gene design

1.3 Super rice achievement in China

1.4 Challenge of rice production and yield in China

Future demand for rice production and yield in China

Yield

e Total output Increase Increase
(x10° kg)® (%)” (kg/hm?) (%)

2010 217.5 19.18 6 885 16.3

2030 247.5 35.62 7 845 32.8

*Estimated based on the per capita rice consumption of 150 kg and
the rice cropping area of 31.57 % 10° hm?; "In comparison with
1995, Chen etal., 2007,JIPB

|l Rice production demand increased year by year! ||

@ The variation tendency of rice planting area and yields in China

1Cha. 10%
30000 ¢ 20000
29000 18500
28000 19000
18500
27000 .
26000 17500
25000 17000
2001 2005 2006 2007 2008 2009
[—nlanting area
—e— yields
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2.1 Phenotype of theipal Mutant

Fine mapping and high resolution linkage analysis of |PA1

A: phenotype of ipal and TN1; B: panicle of ipal; C: panicle of TN1. Bar, 10cm.

Jiao et al., 2010,N.G.
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Functional analysisof IPA1
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Confirmation of the OsSPL 14 function

by the down- regulation of OsSPL14
under the Ri22 background

Confirmation of the OsSPL 14 function by
overexpressing OsSPL 14 in Nipponbare

OsSPL14 is the gene responsible for

ideal plant architecture

Jiao et al., 2010,N.G.

Phenotypic characterization of NIL OsSPL 14'PAYiral plants
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Potential applications of IPA1 in rice breeding
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Potential applications of IPA1 in rice breeding

» Yield test in a paddy between XS11 and NILXS11 OsSPL14%3! plants

Traits Xsu XS11-ipal

Number of panicles per plot

Number of grains per panicle

1.000-grain weight (g) 27.5+0.2
Theoretical yield per plot (kg) 4.98=0.10
Theoretical yield increase over XS11 (%) E:

Actual yield per plot (kg) 4.4420.12

Actual yield increase over XS11 (%) -

Note: The planting density was 19.98 cm X 23.31 cm, with one plant per hill.
The area per plot was 6.67 m2. Values are means = s.d.

Jiao et al., 2010,N.G.
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2.2 DEP1 (dense and erect panicle-1)

2.3 GW2 (grain width and weight 2)

NiL-depl ~ NIL-DEP1 NIL-depl NIL-DEP1

The DEP1 locus was mapped to chromosome 9. The dominant allele at the DEP1 locusis a gain-
of-function mutation causing truncation of a phosphatidylethanolamine-binding protein-like
domain protein. The effect of this allele is to enhance meristematic activity, resulting in a
reduced length of the inflorescence internode, an increased number of grains per panicle and

grain yield.

Huang et al., Nat. Genet. 2009

NIL{GW2)

i

FAZ1

NIL(GW2)

A new QTL that controls rice grain width and
weight. Loss of GW2 function increased cell
numbers, resulting in a larger (wider) spikelet hull,
and it accelerated the grain milk filling rate,
resulting in enhanced grain width, weight and yield.

Song et al., 2007, N.

2.4 GIF1 (grainincompletefilling 1)

2.5 GS3 (Grainsize3)

Mutant

Wild-type

» Grain-filling is an important trait that contributes greatly to grain weight. Therice
GIF1 gene that encodes a cell-wall invertase required for carbon partitioning
during early grain-filling

v

Fine mapping with introgression lines revealed that the wild rice GIF1 is
responsiblefor grain weight reduction

Wang et al., 2008,N.¢.
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Nipponhare

Zhonshan 97

Chuan 7

» Themajor QTL for grain length and weight and minor QTL for grain width and
thicknessinrice

» GS3hasat least four different alleles according to the coding sequence:
GS3-1 (Zhenshan 97), GS3-2 (Nipponbare), GS3-3,(Minghui 63), GS3-4 (Chuan 7),

Fan et al., 2006, TAG; Mao et al., 2010, PNAS

2.6 Ghd7 ( grains per panicle, plant height ,heading date)

NIL(mh7)  ZhenShan97  NIL(mh7) NIL(mh7)

ZhenShan97

Ghd7 has played crucial roles for increasing productivity
and adaptability of rice globally.

Xue et al., 2008, N.G
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@ Breeding strategies for super hybird rice
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3.1 Application of yield genes in rice breeding

® Application of IPA1 gene

Cultivars: Shengnong265, DEP1 contained

DEP1 has widely applied in Japonica plant-type
breeding in Northern China

Breeding nursery

New breeding lines cK
contains IPA1

IPA1 as a key gene in rice ideal plant type

@ Production analysis of single yield gene

@ Production analysis of TWO yield genes

2345678910112
NIL-IPA1
12345678 9101112
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Construction of Genotype/Phenotypedata pool

MOC1, gwp9

GP data pool

M Design target genotypes using 9311 of DEP1, Gnl,

Table 2 Design target genotypes using 9311

FM/MOC1

FM/Gn1 | FM/DEPL

Yield (T/ha)

Min. Tillers

Max. Grain No.

Max. panicle dense

Max. grain weight/plant

Plrle]| e

Max. grain weight

Breeding by design

CssL1 1
CcssL2 1 1

CSsL3 1

(9311- DEP1 . Gnl., MOC1 . gwp9; IR64- DEP1, Gnl, MOC1 . gwp9)

@ Production effect analysis of polygenic combination

What's this?

D (Super)" Rice?
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® Application of multi-genes

Pyramid Breeding and application of high-yield lines

Model of Super Rice
in the Future

Green Revolution (CK)
Taken in 1996

Super rice M2 in Hangzhou in 2011

3.2 Mid-type restorer of indica/japonica is
more beneficial to increase yield in

super hybrid rice

Development of medium typerestorelinesin
subspecies differentiation

» Medium type restorer lines in subspecies differentiation has
become more and more applied in the hybrid rice breeding
programsin China

» In the indica rice growing regions of China the breeders
adopted the methodology of introgressing japonica blood into
an indicarice background to develop indicalinous germplasms

» In thejaponica rice growing regions introgressing indica blood
into japonica rice background to develop japonicalinous
germplasms

| dentified some indica-japonica markersrelated
to mor phological index

Using marker RG345 to check DH of
indica/japonica

Indica-japonicamarkers and their locations

8 910 11 12 13 14 15 16 17 18 19 20 21

-

Note:
Marker: AMHind II; 2:Teqing; 3,02428; 4-5 and 8-10, Indica cultivars;

6-7, Japonica cultivars; 11-21,Lines of DH population
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Coefficient between markers and mor phological index

Canonical variable canonical
correlation coefficient 2value Degreeof freedom significant level
R x? DF P

1 0.8744 399.02 162 <0.001
2 0.7255 249.02 130 <0.001
3 0.6629 171.83 100 <0.001
4 0.5909 11281 72 0.002
5 0.5727 69.58 46 0.014
6 0.5180 30.31 22 0.111
7 0.0002 -1.8E-06 0 1

Relationship between subspeciesdifferentiation index of the
paternal parentsand grain yield per plant of their F1 hybrids

—— Xieqingzao B/DH plants
---a-- 064 B/DH plants

60

50

40

30

20

Grain yield/plant (g)

10  indica +» japonica

0 N —
7 8 9 10 11 12 13 14 15 16 17 18 19
Subspecies differentiation index

Chen et al., 2007,JIPB

Improvement strategy for mid-type
restorers

Excellent restorer Zhonghui8006

@ To breed mid-typerestorer using multi-backcross between
indicaand japonica.

@ Morph-index: 12-16, japonicamarker index: 0.3-0.6.

@ Successfully gained restorers: Zhonghui8006 and Zhonghui1l1,
their marker index: 0.25 and 0.39.

4 New variety protection NA001233E

@ Variety certification:
daol (Zhong9A/Zhonghuig8006)
Guodao3 (Zhong8A/Zhonghui8006 )
1-you8006 (11-32A/Zhonghui8006 )
Guodao6 (Neixiang2A/Zhonghui8006 )
Tianyou6 (TianfengA/Zhonghui8006 )

ZHB8006
Xad+xab+xal3+Xa2l

Selection for ZH8006+Xa21

- X | zhsoos
4

376 had Xa21 Plant #242

21 recombinant

Select plant X ZH8006

with fewest

donor alleles l
Plants 158 had Xa21

= #246 and 5 recombinant

#81

Plant #227X ZH8006

1 plant Xa21 with
2 donor segments 18 plants

Plant 237
BC2F2

Super ricerestorer with multi-genes

Restorer Headin  Spikelet setting 1000- Genes

gdate/d /panicle percentage/% grains

weight/g

Zhonghui8006 90 176 84 27 Xad+xab+xal3+Xa2l
Zhonghuilll 87 178 87 27 xa5+Xa21+Pi25
Zhonghui8015 90 154 89 31 Pi25+Xa21
Zhonghuil6l 92 163 88 26 Pib+Pita+Xad+xal3+wx
Zhongzul4 130 138 771 21 xab+ Pi25 +Bph15
ZhongjiaA 66 97 0 24 Xa5+Xa23
Zhongjin 2A 76 103 0 25 Pil1-+Pi2+Pi33
Zhongjiazaol7 85 125 90 27 xa5+Pi25
Zhonghui333 90 145 87 26 Xad + Xa2l




Medium typerestorer lineR9308 and its super hybrid
Xieyou 9308

No. 300 (/) x IR26 ()

Fy X C57 ()
4
|

Xieqingzao A (i) X  R9308

MAS
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Xieyou9308 Field performance of Xieyou 9308 with harmonioys -
plant type, in Xinchang, Zhejiang Province, China
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25% japonica genetic componentsin R9308 s
12.5% japonica genetic componentsin Xieyou 9308 w“‘"._. pree
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