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Rice demand rise by 40% by 2025, due to population increase and
Improved incomes

% agricultural land will not increase

L Need to develop and use technologies that lead to more rice per unit
area/time ,low the unit price



" Hatorosls




Wild-abortive Honglian
Name of CMS CMS type Abortive stage Fertility Restorer

Wild abortive CMS | Sporophytic Mononucleate stage Rf3/Rf4

Honglian CMS Gametophytic | Dinucleate stage Rf5/Rf6
Boro CMS Gametophytic | Trinucleate stage Rf1(PPR)

The three main CMS types in the world: Wild abortive, Honglian , Boro

The fertility restoration pattern of HL is similar to Boro, but different from
WA type



The discovery of HL CMS rice

Honglian you-6

Yueyou-9






Scale up of fundamental seeds of HL-CMS
for hybrid rice seed production

a standard operation protocol (SOP)

Core seeds

!

Original seeds

]

o maiy seeds

/ Fundamental seeds

Keep stable sterility of HL-CMS line




: Populati | Abnorm Sterile Checked Bagge
site date on size al plant plant spikelet d plant
P ratio(%) | °P P
lingshui
Hubel 1 5551 07.20 | 1510 100 206 110
Wuhan
lingshui
Hubel
2005.7.30 | 1148 4 99.65 101 115
Wuhan

Fertility observation showed that in a 1000-plant population, the
sterile pollen over 99.95%; sterile spikelet over 99.98%
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Honglian You-6 was certificated in 2004 by Chinese

National Crop Variety Approval Committee (CNCVACQC)
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Total of more than
one million hectares
have been cultivated
In China since 2002




Novel varieties of Honglian hybrid rice
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Approved by Hubei province crop variety approval committee (

Approved by Chinese National crop variety approval committee (

Approved by Hubei province crop variety Approval committee (




LLuoyou-8 is swiftly popularization in the
Yangtze valley during 2005-2008

Releasing areas of Luoyou-8
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Characteristic of Honglian Hybrid rice

Higher grain yield

Higher grain quality

Higher Nitrogen utilization efficiency
Better performance characters

+ Wider adaptability
Sl Easy for hybrid-seed production
+ Highier resistance to high temperature




Better eating quality

All HL-type hybrid rice had been

recognized to meet the criteria of
Chinese high eating quality
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Honglian you-6 qualified the criteria
of the third grade grain ;

Luoyou-8 qualified the criteria of the
second grade grain

Honglian you-6




Honglian you-6 increase 6.17% over elite variety at the field
trials in Hubel Province, Grain yield potential reached to 12
tons/hectare
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L uoyou-8 showed higher yield
potential in Wuhan field
trial,reached12.35 tons/hectare.
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Setter performance
characters
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Easy for hybrid
seed production

Longer flowering time
Higher out-crossing rate

Synchronous flowering \
with restorer lines |

The yield of hybrid seed production
reached to 4.5 tons/hectare




& Novel CMS germplasm development



Approaches: Biotechnology combined with
conventional breeding methods to improve the

agronomic characters of rice variety:

Strategy: Screening of novel germplasm and applied

to hybrid rice development

Resources: Wild rice and native rice varieties



e

Screen novel Rf gene
Develope new molecular markers
Screen novel gametophytic cytoplasm

Improve resistance



Geographically, Rf distributed in Asia,
Oceania, Latin American and Africa,

but centered mainly in Asia.

Number of accessions

O.glumaepat | O.Meridiona | O.nivara | O.rufipo

Species
ula gon

Apart from O. longistaminata, Rf was found in all of the other six wild rice species with
AA genome, and aggregated mainly in the two species of O. rufipogon and O. nivara,




Eight wild rice accessions were
obtained by using molecular marker
of orfH79 derived from HL-CMS

M Wil W15 W20 W21 W29 W34 W42 W46 YtA YtB

pollen of w46 F pollen of w46 BC,F; pollen of Yuetai B

x?.. '% B W o Pollen phenotype of F1 and

BC2F1 from the crosses
between wild rice and Yuetal B
showed HL CMS character.




Polleg of w46A Pollen of w46A/3S52

Four obtained CMS cytoplasms exhibit typical features of
gametophytic cytoplasm in CMS line and F1 hybrid



Sterile Restorer lines

lines

3852 M BP98 95-102 Huajing74 ~ Gumei2 R644 Yue-xiang- Zhongd13 C418 Feng-xiang- UP15 M401 MR77 BR24
zhan zhan

YtA A30.7£2.1 486+33 513+24  60.6+31| 33+04 43+35 64.31+2.2 104+47 20.5+34 57.3+2.7 0 60.8+26 50.1+42 0
B41.9+27 847+43 938+05 883x27( 0 846+26 857129 241+13 343126 81.8+18 0 90.5+20 876+17 0
€28.8+2.7 715+48 735+39  786+36| 0 59.3+28 68.4+37 137+15 294+18 735+26 0 683+18 638+21 0

W15A 46.7+53 236t41 435+04  533+24 126+.08  325+19 52101 0 335+24 42.6+34 0 634+18 437+12 326%15
78.715.6 31.3+31 34403 789+25 235+15 572+25 12401 0 57.7+17 80.1+2.7 0 86.6+29 815+19  67.6+23
62.1+4.7 238438 0 694+28 263+11  258+13 0 0 382116 66.4+35 0 724124  674+15 546124

W20A 448+1.8 50.3+22 569+36 157+21 382+13  296+11 31+01 0 374142 56.4+3.8 43.7+14  558+31 538+08 35+0.2
80.6+1.1 794+24  837+27 306*x14 582127  614x19 0 0 61.9+2.9 88.212.9 79.5+ 87.3+16 694+26 0
66.1+18 603+31 615+30 164*12 536+22 357+X17 0 0 43.7+16 69.3+43 50.7+ 67627 63717 0

W34A 60.7+48 258126 0 448+15 447426 553125 217+12 40.6+2.1 25.7+21 473+21 152+17 63725 47+01 173114
849+4.4 50.8+39 81.5+26 842426  836+42 555+ 747+2.7 546+1.4 843137 26.1+ 792+18 17403 25.6+2.0
66.413.4 41724 63.9+15 56.8+31  50.7+23 184+ 57.3+2.6 23.8+2.1 63.6+2.6 127+ 64.8+22 0 185+15

WA46A 542137 184+22 377120 481106 82%02 57.2+21 35717 72+13 372129 358+13 0 458+19 683+49 138+t16
87.5+5.2 331+19 877448  783+23 115+10  80.6+27 614%25 6.310.6 57.2+29 55.7+2.4 0 812+25 859+24 216+19
714145 344+33 708+45 548+18 21403 53.7+34  249+17 31+03 204127 316126 0 438+28 57.7+17 127+11

Crossing results indicated that four gametophytic alloplasmic CMS

lines showed different fertility restoring patterns




Improvement of resistance of restorer and HL-
CMS lines by introducing
Bph14, Bph15 and Pi-9 genes

We are developing several HL-CMS and fertility restorers lines that anti-
brown plant hopper (Bph14 and 15) and rice blast gene pi-9 by using MAS



& Mechanism of HL-CMS



Dysfunction of mitochondria

In the pollen development of HL-CMS

PCR detect the breakage in the mt DNA
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Increasement of abnormal ROS impaired
the DNA, contents of ATP and
membrane potential in the mitochondria
of microspores of HL-CMS line

Fluorescence unit

Content of ATP O Yuetai A
B Yuetai B

Meiosis Tetrad E-uni  L-uni

Developmental stage

Developmental stage
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In-gel enzyme activities of mitochondria respiratory complexes
showed Reduction of complex V activity in the male sterile line



YtB YtA

| Pollen
Tetrad uninucleate Tetrad mother cell

Microstructure observation revealed that the mitochondrial
membrane is getting blur during the microgenesis in HL-CMS line
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Yuetai A Yuetai B
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TUNNEL analysis and
DNA ladder detection
revealed the nuclear
DNA breakage in
meiosis stage,
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suggesting a premature
PCD occurrence.

Yuetm A Yoeta B




TTTCATAATTGAATAAAAACGAGGAGCCGAAGATTITAGGGGGCGGGA T AAACG
CGGAAGTGTATTGCGTTACAAAAAATGACAACTAGCATTTGTTTTTTCATTTCAT
GTTCGAATTCGTTTTTCGTTGGAAAAACCGACGCC
GAGCAGAGCTTAAAAATCTTATTTTCTTGTGCT ACA
AATCTGCTCCGATGGCTCTTCTCCACTACCCGAGGGACTAACGGTCT TT
TCATCTTCGGTGTCGTTGTAGGAGGCGCCCTGTTGITIGCTTTGCTAAAGTALICA
GGCCCCTCTGTACGACCCGGCTTTATTGGACAAAATCATAGATCATAATATAAA
AGCCGGGTACCCTATAGAGGTTGACTATTCGTGGTGGGGCACCTCTATTCGTGTA
GTCTTTCCTAAG G. CCAGGACAGTGGTGGTTTGCTCATACTTTCATA
CAAAACCATACTATGGAATTCTGGTGGACCAGGCAAATATCCCACCCCTACAAG
GTGGGAGGGCGGCCGGGAACCCGTGGTGGCGGTTCCTCCCGTGATGATCGACTA
ATGGATAAGTCGCAATGATCGACTAATGGATAAGTCGCATTGAGATATT

HL-CMS gene orfH79 is a chimeric gene, partly homologous to cox1

and orf107 with five nucleotide differences from orf79 in Boro-cms




Structure of orfH79 and orf79 have difference

INn HL. and Boro-CMS

I“ 213bp_’|

— BT-atp6 /
97% homology

6bp  coxl orfl07

Five nucleotide mutations of orfH79 resulted
In five amino acids alteration over orf79




orfH79 recombinant vector

Transit

orfH79

orfH79

PCR identification showed
that the ratio of sterile and
fertile plants is about 1:1 In
T1 generation



Segregation of fertile plants and sterile plants in BCF;

7 value for

1:1 P
segregation
CONANCGAB/MY2ZS 863 451 412 0.8812 0.250-0.500
YTA/YTB/MY23 250 134 16 0.6480 0.250-0.500

YTA/YTB/9311 360 298 262 1.1571 0.250-0.500
58.5143

<
YTA/MY239311 70 07 3 (160191 0.003 8.57

2 The value for 3:1 segregation 15 shown in parentheses

Recombination
rate (%o)

plants  fertile  stenle

S scored  plants  plants

Genetic analysis showed fertility of HL-CMS
Is controlled by Rf5 or Rf6 genes
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In the 21% century, Hybrid rice is playing important
role for increase of grain yield. The tendency of
hybrid rice development will focus on higher grain
yield, better grain quality, more resistance and
nigher efficiency of nutrient utilization. Honglian
nybrid rice fits to those trends and shows high

notential.
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