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Rapeseed production and breeding in China

Brassica genomics programs and resources in 
China

Genomics approaches for rapeseed 
improvement at Huazhong Agricultural 
University (HZAU)



Total production, planting areas, and average 
yield of rapeseed in China
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Over 90% of Brassica oil seeds is B. napus in China

Over 85% of rapeseed is grown in the Yangtze River 
Basin

Hubei: the largest rapeseed producer in China

Rapeseed production in China



Seed yield improvement through breeding 

Data collected from the yield trials of DL cultivars in Hubei province
Control=Zhongyou821

Control = Zhongyou 821

Control = Zhongyou 821
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About 1.8% of seed yield advance per year
from 1994 to 2004



Types of cultivars registered during 2000-05

Hybrids Total OP 
cultivars CMS GMS EMS GC Sub-total

217 47 107 47 12 4 170

Pollination-control systems for hybrid production

CMS (Pol CMS and Shan 2A CMS)
GMS (Dominant/recessive) : 28% 

: 63%



Planting areas of double low and hybrid cultivarsPlanting areas of double low and hybrid cultivars

Planting areas

DL cultivar Hybrid cultivar
Area
(mH)

Ratio 
%

Area
(mH)

Ratio
%

2000 7.495 3.890 51.9 2.933 39.6
2001 7.095 4.016 56.6 3.443 48.5
2002 7.143 4.572 64.0 3.549 49.6
2003 7.221 5.000 69.2 3.600 49.8
2004 7.838 5.598 71.42 5.331 68.01
2005 7.921 5.765 72.78 5.642 71.23

Total 
(mil ha.)

Year

DL: low erucic acid and low glucosinolate



Consumption and supply for vegetable oil in Chinese market

Breeding for future rapeseed
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2006-07
China produced 8.85mT
Vegetable oil
40~50% from rapeseed

Imported about 7.5 mT
vegetable oil
Processed from imports 
(soybean etc) ~6 mT

Wang, 2007
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To increase the total production
Enlarge growing areas
-potential: spare winter lands

-challenges: changing cultivation practice
price issue

Enhance oil production per unit
-Development of hybrids with increased seed yield  potential
-Higher oil content
-Disease resistance 
-High efficient nutrition uptake
-Traits  required for changing cultivation practice: lodging-
resistance; shattering resistance; herbicide resistance etc

Breeding for future rapeseed



Brassica genomics programs 
and resources in China



http://rapeseed.plantsignal.cn

Unique EST 8,462
Full length cDNA 3,526
Unique SAGE tags 23,895
Tag-to-gene

502 tags to B.napus
860 tags to Brassica

EMS mutant lines
(in M3 generation)14,700

http://www.geboc.org
SSR
Comparative mapping data

Mapping populations
Tilling populations
EST
Mutant populations

Genomics resources under developmentGenomics resources under development

Wu et al., 2007



Genomics approaches for rapeseed 
improvement at RGBL-HZAU



Rapeseed genetics and breeding 
at HZAU

Programs in basic researches and breeding applications

Starting in early 1950’s : One of the pioneer institutes of 
rapeseed genetics and breeding in China



Cultivar
development

Germplasm
development

Breeding theory
& Technology

Genetics of traits
Genomics

23 hybrids
3 OP cultivars
Growing 80-100 mH/year

Lines with target traits
Genes

Cellular & molecular 
breeding techniques

Students training

Rapeseed genetics and breeding at HZAU



Genomics approaches for 
rapeseed improvement

Heterosis utilization

QTL mapping and marker assisted selection
Biotic and abiotic stress resistance 



Pol cms system and its utilization
Development of alternative pollination control 
systems
Mapping and isolation of genes for heterosis
utilization
Understanding the biological basis of heterosis

Heterosis utilization



Pol cms system and its utilization
-Over 60% of 3-line cms hybrids 

developed in China using the  system

-Over 20 hybrids developed in HZAU
Using the system and its derivative

Hau CMS: a novel CMS from B juncea

Heterosis utilization

Hau CMS (6-102A) maintainer (6-102B)



First developed by Fu in 1975
Three line system 

in B. napus
Techniques

for seed multiplication
using salt-solution

Hybrids in yield 
trial

Self-incompatibility system

IGF1226_a

IGF1226_l

11.6

IGF1226_f
1.4

S-locus

22.8

IGF3309_b
10.3

EA31270
5.1

IGF0504_f
7.8

E440140
7.7

sNRA59
8.6

sR7223
3.2

E134220
9.6

IGF1178_b
2.1

IGF1092_c
7.2

sR0282R3.9

IGF2036_b1.2

RA2G08
3.2

pX116a
2.1

E640380

27.5



A lineA line
ms3ms3ms4ms4ms3ms3ms4ms4RfRfRfRf

sterilesterile

B lineB line
Ms3ms3ms4ms4Ms3ms3ms4ms4RfRfRfRf

fertilefertile

××

B lineB line
Ms3ms3ms4ms4Ms3ms3ms4ms4RfRfRfRf

A lineA line
ms3ms3ms4ms4ms3ms3ms4ms4RfRfRfRf

T lineT line
ms3ms3ms4ms4ms3ms3ms4ms4rfrfrfrf

××

C lineC line
ms3ms3ms4ms4ms3ms3ms4ms4RfrfRfrf

100% Male Sterility100% Male Sterility

×× R lineR line

The rGMS system:
utilizes a temporary-maintainer to obtain
a 100% sterile rate in  GMS lines (Tu et al, 2000)

Model of threeModel of three--line line RGMSRGMS

a

c d

ba

c d

b



Mapping Mapping BnmsBnms genesgenes

Bnms2 Bnms3

BnMs1

BnMs2

Arabidopsis chorosome 1

BnMs1

BnMs2

Arabidopsis chorosome 1

N7 N16

BnMs1

BnMs2

Arabidopsis chorosome 1

BnMs1

BnMs2

Arabidopsis chorosome 1

N7 N16

Identifying a syntenic
region in Arabidopsis

Huang et al. 2007
Lei et al., 2007



physical delimitation of the physical delimitation of the BnMs1BnMs1 genegene
to a 21to a 21--kb DNA segmentkb DNA segment

Recombinants among  
4,132 individuals 

SC7 SC13 SC12 SC11 SC8 SC1

18

9
7

6 4
2

recombinants
left

recombinants 
right 

6 0 0 2

BnMs1

SC10 SC9

BnMs1 was located between SC11 and SC8, the distance between two markers is 
21kb. SC9 and SC10 were co-segregated with the BnMs1 gene.

21 5 5           kb2

7 10 4    kb

Yi et al., 2007



G14       G15

Four EST homologues found within the 21 kb region in both 
Aarabidopsis and Brassica databases

Comparative sequencing of S45AB identified 2 missense mutations
for both candidate genes on Bnms1 locus, V to A and A to S for G14 
and G to R and V to A , for G15, respectively.

Yi et al., unpublished data



The The dGMSdGMS systemsystem:: Isolation of differentially expressedIsolation of differentially expressed
genes genes 

About 1200 differentially expressed clones were isolated 
between fertile and sterile plants in DGMS-line Rs1046AB,
using SSH and cDNA microarray 
216 unigenes out of over 400 clones sequenced identified, 
among which 212 up-regulated in fertile buds and 4 in 
sterile buds
178 out of 211 up-regulated homologous sequences belong 
to 17 groups, and 34 gene had no homologues in database

Wu et al. 2007 



Intersubgenomic heterosis in B.napus

B. napus were developed through crossing natural B.napus
with B. rapa or B. carinata

Molecular marker analysis  identified new types of B. napus
with partial A-genomic or/and C-genomic components from two 
napus relatives

The resynthesized materials showed greater genetic distance
from natural B. napus genotypes

The materials could be beneficial for enlarging gene pool in 
hybrid breeding 

Hybrids between
the resysnthesized
and natural B.napus
showed 
significant heterosis
(Qian et al., 2005 )

AArrAArrCnCn x AAnAAnCnCn AArrAArrCccCcc x AAnAAnCnCn



Development of markers for various traits

Identification of QTL and genes important for  yield 
and yield components

Identification of QTL for oil content and seed 
development

QTL mapping and marker assisted selection



Yellow seeds

Markers for traits related to seed quality and productivity

EA10MG16

EA03MC03
7.1

EA07MC13
6.3

EA05MC12
6.3

EA02MG08
4.7

Y
2.4

S1129
3.9

S1130
0.8

EA05MC11
7.9

EA06MG13

7.1

EA11MG16
7.1

P1

F1

P2

Seed  weight
*BnEMS4840
*BnGMS3362
*BnGMS34
*BnEMS6085
*BoGMS4686
*BoGMS2087
*BoGMS593 *BoGMS389
*BrGMS77410
*BoGMS35114

*sN12352-126

*CB10045-435
*BrGMS82537
*BnGMS44440
*sORB29A42
*BnEMS2845
*BnEMS1351
*BnEMS14-2 *BnEMS606-152
Y53
*BoEMS44-154
*BnGMS35256
*Ol12-G0460
*BnGMS5165
*BrGMS318(2)66
*BnEMS50467
*BnEMS696-272
*BnEMS2074

*BrGMS480

*BnEMS101085



拟南芥第1染色体

拟南芥第2染色体

拟南芥第3染色体
拟南芥第4染色体

拟南芥第5染色体

拟南芥第1染色体

拟南芥第2染色体

拟南芥第3染色体
拟南芥第4染色体

拟南芥第5染色体

Comparative mapping 
identified 40 conserved 
segments and 84 conserved 
islands between B.napus and 
Arabidopsis, based on 229 STS 
anchor markers.

TN genetic map: a recent 
map includes 621 loci 
developed based on previous 
version of the map with 354 
loci（Qiu et al., 2006)

Long et al., 2007



Dissection of genetic bases of seed yield component in Dissection of genetic bases of seed yield component in B. napusB. napus

Chen et al., 2007

Two populations:
258 DH lines
Immortalized F2 comprising 258 crosses

from randomly intermating of the DH lines

11 traits and heterosis
analyzed 

18 out of 88 QTL repeatedly 
detected

44 heterosis loci for yield
118 epistatic QTL
AA interaction predominantly



Mapping QTL related to Sclerotinia resistance
Identify genes related to disease resistance by cDNA

array
Tolerance to poor soil nutrition, such as boron 

deficiency
Drought resistance
Low and high temperature stresses

Biotic and abiotic stress resistance



Screening of differential expressed genes from Screening of differential expressed genes from 
sclerotiniasclerotinia--challenged challenged Brassica napus Brassica napus tissuestissues

不同功能类别EST比例示意图
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1：primary metabolism；2：energy metabolism；3：secondary metabolism；
4：disease defense；5：cell structure；6：transcription factors；
7：protein synthesis；8：signal transduction；9：unknown

Unigene 52，
Known genes 32Known genes 32，，
Disease defense related 23Disease defense related 23
(71.8%)(71.8%)

182 differentially 
Displayed clones from 2928 
Clones

62 sequences obtained 



Brassica is one of the most sensitive crops  
to boron (B) deficiency

Stunted root
Curled leaf

Brittle petiole 
chapped stem Dark-redish leaf

Flowering but no
seed-setting

Genotypic variation in response to 
B deficiency within Brassica napus

33 million hectare cultivated land
Soil available B  < 0.5 mg/Kg



QTL for B efficiency in Brassica napus

Bakow (B)

Qingyou 10（Q）
× F1 F2

Q

B

Four QTLs for seed yield under low B 
condition were detected in a F2 population

Xu et al., 2001
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FT
mi185 PA74 (102.2)
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Brassica napusComparative mapping between 
B. napus and Arabidopsis

6.6 
cM

Wang et al., 2002



Three time points examinedThree time points examined
are 3 h, 24 h and 3 d are 3 h, 24 h and 3 d 
after B starvationafter B starvation

Arabidopsis gene expression profile induced by low  B with 
Arabidopsis Affymetrix microarray with 22,810 genes

Development
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Function classification for 
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