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The food security

Population increase



Rice demand 

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

agricultural land will not increase

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



Hybrid rice is an effective approach to 
increase rice grain yield



•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

Wild-abortive Honglian BaotaiWild-abortive Honglian Baotai

Honglian CMS is one of the three main      
CMS types used in China

Rf1(PPR)Trinucleate stageGametophytic

Rf5/Rf6Dinucleate stageGametophyticHonglian CMS

Rf3/Rf4Mononucleate stageSporophyticWild abortive CMS

Fertility RestorerAbortive stageCMS typeName of CMS

Boro

Boro CMS



O. Rufipogon (Red awn)/LiantangZao

Hong-lian A (1974)

Hua-ai 15A (1976)

Honglian you-6
Yueyou-9 LuoYou 8

YuetaiA

The discovery of HL CMS rice

LuoHong 3A



Development of Honglian 
Hybrid Rice



Core seeds

Original seeds

Primary seeds

Fundamental seeds

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

Keep stable sterility of HL-CMS line

a standard operation protocol (SOP)



Fertility observation and purity 
identification of HL-CMS line Yuetai-A

Fertility observation showed that in a 1000-plant population, the 
sterile pollen over 99.95%; sterile spikelet over 99.98%

site date Populati
on size

Abnorm
al plant

Sterile 
plant 

ratio(%)

Checked 
spikelet

Sterile 
pollen(%)

Bagge
d plant

Bagged set 
rate(%)

Hainan
lingshui 2000.11.10 13900 0 100 228 99.98 112 0

Hubei
Wuhan 2001.07.20 1510 0 100 206 99.95 110 0

Hainan
lingshui 2004.11.28 14353 52 99.64 100 99.99 120 0.01

Hubei
Wuhan 2005.7.30 1148 4 99.65 101 99.83 115 0.02





Honglian You-6 was certificated in 2004 by Chinese 
National Crop Variety Approval Committee (CNCVAC)

The first variety Honglian You-6
was certificated in Hubei Province, in 2002    



Total of more than 
one million hectares 
have been cultivated 
in China since 2002.

Honglian You-6 was honored 1st Award of Hubei
Science and Technology Progression in 2004



Luoyou-8:
Approved by Hubei province crop variety approval committee (2006)

Approved by Chinese National crop variety approval committee (2007)

Yueyou-9:
Approved by Hubei province crop variety Approval committee (2006)

Novel varieties of Honglian hybrid rice



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

Releasing areas of Luoyou-8
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Higher grain yield
Higher grain quality 
Higher Nitrogen utilization efficiency
Better performance characters 
Wider adaptability 
Easy for hybrid-seed production
Highier resistance to high temperature 

Characteristic of Honglian Hybrid rice



• Honglian you-6 qualified the criteria 
of the third grade grain ；

• Luoyou-8 qualified the criteria of the 
second grade grain 

All HL-type hybrid rice had been 
recognized to meet the criteria of 
Chinese high eating quality

Better eating quality

Honglian you-6



Honglian you-6 increase 6.17% over elite variety at the field 
trials in Hubei Province, Grain yield potential reached to 12 

tons/hectare

Higher grain
yield potential



2007 
Luoyou-8 showed higher yield 
potential in Wuhan field 
trial,reached12.35 tons/hectare.



Wider 
adaptability

•South-eastern Asia
•Yangtze valley in China
•South-western region of  China
•Southern region of China



•Strong tillering capacity
•Compact plant type
•Straw stiffness
•More grain numbers
•Delaying aging 

Better performance 
characters

HL hybrid rice well balance the conflict of grain yield and quality



CMS lines have good 
flowering behavior:

• Longer flowering time
• Higher out-crossing rate
• Synchronous flowering 
with restorer lines

Easy for hybrid 
seed production

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.

New  germplasm development



Screen novel Rf gene 

Develope new molecular markers

Screen novel gametophytic cytoplasm 

Improve resistance

New  germplasm development



Species O.barthi
i

O.Glaber
rima

O.glumaepat
ula

O.Meridiona
lis

O.nivara O.rufipo
gon

HL-Rf ratio % 16.3 33.3 20 50 100 88.9

WA-Rf ratio % 20 0 0 0 62.5 87.5

Screening novel Rf gene from 
wild rice species

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,

Geographically, Rf distributed in Asia, 
Oceania, Latin American and Africa, 
but centered mainly in Asia. 



Screening novel gametophytic cytoplasm 
using orfH79 as molecular marker

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

Pollen phenotype of F1 and 
BC2F1 from the crosses 
between wild rice and Yuetai B 
showed HL CMS character.



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

Four gametophytic alloplasmic CMS lines were 
developed via MAS



Differences of the Fertility restoring between the 
four gametophytic alloplasmic CMS lines
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Restorer  linesSterile 
lines

Crossing results indicated that four gametophytic alloplasmic CMS 
lines showed different fertility restoring patterns.



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

Improvement of resistance of restorer and HL-
CMS lines by introducing 

Bph14, Bph15 and Pi-9 genes



Mechanism of HL-CMS



PCR detect the breakage in the mt DNA

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

Dysfunction of mitochondria 

in the pollen development of HL-CMS 
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In-gel enzyme activities of mitochondria respiratory complexes 
showed Reduction of complex V activity in the male sterile line

Reduction of complex V activity in the 
male sterile line



Tetrad uninucleate Tetrad 
Pollen 
mother cell 

YtB YtA

Microstructure observation revealed that  the mitochondrial 
membrane is getting blur during the microgenesis in HL-CMS line

Mitochondria impairment is getting severe 
during microspore development



DNA ladder

TUNNEL analysis and 
DNA ladder detection 
revealed the nuclear 
DNA breakage in 
meiosis stage, 
suggesting a premature 
PCD occurrence. 

Microspores exhibit abnormal PCD 
phenomenon in HL-CMS lines 



+49

+214

HL-CMS gene: orfH79

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
in HL and Boro-CMS 

0.5 Kb

6bp

97%     homology

BT-atp6 orf79

HL-atp6 orfH79

cox1  orf107

213bp

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



Transgenic rice

Transgenic rice of orfH79 Mimic the 
male sterile phenotype 

Constitutive 
promoter Ubi

Pollen specific 
promoter Os45

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

Ubi transit peptide orfH79 Nos

orfH79 NosOs45 Transit peptide

orfH79 recombinant vector



Genetic analysis of Fertility restorer (Rf) for 
HL-CMS

Genetic analysis showed fertility of HL-CMS 
is controlled by Rf5 or Rf6 genes



Fine mapping of Rf5 and Rf6(t) for HL-CMS



Honglian hybrid rice has bright future for 
increasing food production and benefit the world

In the 21th 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 
higher efficiency of nutrient utilization. Honglian 
hybrid rice fits to those trends and shows high 
potential.

Perspectives
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