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Vegetable oil sources ： palm, soybean, rapeseed,
peanut, maize, sunflower, cotton, sesame, olive, tea

Rapeseed is the third largest source of vegetable oil

Song et al., J Exp Bot (2021)第 2 页



Ohlrogge and Browse, Plant Cell (1995); Focks and Benning (1998); Lu et al. PNAS (2009)
Chapman and Ohlrogge, JBC (2012)；Song et al., J Exp Bot (2021)

Plant oil biosynthesis
>700 lipid metabolism genes in Arabidopsis
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Many factors affect oil accumulation in seeds

Yang et al., Plant Communications (2022)

 Oil biosynthesis pathway

 Seed development

 Transcriptional regulation

 Environmental factors

 Cytoplasmic effect

 Carbon partitioning（oil-protein）

 Source-translocation-sink

……
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Seed oil content is a key trait of rapeseed

 Oil content of cultivars in China is 
averagely 43%

 Huge potential to improve oil 
content (over 60%)

 Increasing oil content can increase 
oil production （43%→50%，oil 
production ↑16%）
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Multi-omics 
research platform
 Germplasm
 Genome
 Transcriptome
 Metabolome
 Database

Mechanism of 
seed oil content
 QTL mapping
 Gene cloning
 Molecular 

mechanism
 Metabolic 

pathway
 Regulatory 

network

Innovate
germplasm

 DNA marker
 Prediction 

model
 Breeding 

technology
 Germplasm

Breeding 
application

Our focus: molecular mechanism and regulatory 
network of seed oil content trait in rapeseed

第 6 页



① Genome- and transcriptome-wide association studies of
seed oil content (SOC)

② Multi-omics analysis dissects the genetic architecture of
seed coat content (SCC)

③ Mining gene impacting SOC through metabolome analysis
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Re-sequenced an association population

 Seed oil content (SOC)
varies a lot

 Genomic variations of 505
accessions

 Seed transcriptome (20 DAF)
of 309 accessions

 Seed transcriptome (40 DAF)
of 274 accessions
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Mapping oil-related QTLs by GWAS

 Mapped 27 reliable
QTLs

 Analyzed the
distribution of these
QTLs in the
population

 Evaluated the effect
of each QTL
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Prediction of candidate genes by TWAS

A B

C

 605 （ 20 DAF) and 148 （ 40 DAF)
genes significantly associated to SOC

 61 genes simultaneously identified in
two stages

Tang et al., Molecular Plant (2021)

20 DAF 40 DAF
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Prediction of candidate gene of qOC.A05.3
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Tang et al., Molecular Plant (2021)

 PMT6 negatively regulates SOC
 PMT6 functions downstream of 

key TF-regulating SOC

Prediction of candidate gene of qOC.C05.3
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① Genome- and transcriptome-wide association studies of
seed oil content (SOC)

② Multi-omics analysis dissects the genetic architecture of
seed coat content (SCC)

③ Mining gene impacting SOC through metabolome analysis



SCC is an important seed trait

 Rape seeds are mainly composed of
seed coat and embryo, and embryo is
the main tissue storing oil and protein

 SCC represents percentage of seed
coat weight in seeds

 SCC negatively correlates with SOC
 Reducing the seed coat content can

increase the oil content of seed
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Genes significantly associated with SCC

Zhang et al., Genome Biology (2022)
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Phenylpropane pathway



SCC-related gene modules and co-expression networks
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Further mining key genes

Zhang et al., Genome Biology (2022)第 17 页



BnaCCRL affects both SCC and SOC

Zhang et al., Genome Biology (2022)

 首次证明了CCRL具有肉桂酰辅酶A还原
酶活性

 CCRL是参与种皮木质素合成的关键酶
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① Genome- and transcriptome-wide association studies of
seed oil content (SOC)

② Multi-omics analysis dissects the genetic architecture of
seed coat content (SCC)

③ Mining gene impacting SOC through metabolome analysis



Mining loci/gene through metabolome analysis

 2,172 metabolites of
mature seeds were
quantified by LC-
MS/MS

 131 marker
metabolites were
identified to be
correlated with SOC
(r>0.2)
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Marker metabolites correlated with SOC
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Mining genes regulating SOC through mGWAS

 230 mQTLs have been
identified

 23 mQTLs on A01, A03, A08,
A09, C02, C05 and C07 were
detected by more than 5
SOC-correlated metabolites

 6 mQTLs co-localized with
our previous mapped SOC
QTLs
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Conduction of triple relationship network discovers promising 
genes for improving SOC

 Metabolite-mQTL-eQTL-gene

 444 QTLs, 3,813 genes and 127 SOC-
related metabolites
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Validation of a key gene impacting SOC
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Validation of a novel gene impacting SOC
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Successfully cloned more than 10 genes

Gene Publications Verification

BnaNPC6 Cai et al., New Phytol (2020) Arabidopsis, Camelina, 
and oilseed rape

BnaPMT6 Tang et al., Mol Plant (2021) B. napus

BnaCCRL Zhang et al., Genome Biol (2022) B. napus

BnaNTT1 Hong et al., Cell Rep (2022) B. napus

BnaPPT1, BnaPPT2 Tang et al., J Adv Res (2022) B. napus

BnaNTT2 Xia et al., Mol Breed (2022) B. napus

BnaBASS2 Tang et al., Plant Biotechnol J (2022) B. napus

BnaA09.SCL31 Tan et al., Genome Biol (2022) Arabidopsis

BnaFAX1 Li, et al., Mol Breed (2023) B. napus

LncRNAs Li et al., Biotechnol Biofuels Bioprod (2023) B. napus

BnaC05.UK Li et al., Genome Biol (2023) B. napus
第
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Integrate multi-layered data to establish the gene 
networks involved in seed oil accumulation
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Construction of  comprehensive molecular regulatory 
network for oil synthesis

Tan et al., Genome Biology (2022)第 28 页



 Generated multi-omics data resources
 Efficient gene mining based on multi-omics analysis
 Prediction of gene function by multi-omics analysis
 Construction of regulatory network
 Precisely breed rapeseed with high seed oil content

driven by knowledge of multi-omics analysis

Summary
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