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Rapeseed is the third largest source of vegetable oil

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

The Plant Cell, Vol. 7, 957-970, July 1995 © 1995 American Society of Plant Physiologists

Lipid Biosynthesis

John Ohlrogge®' and John Browse®

a Department of Botany and Plant Pathology, Michigan State University, East Lansing, Michigan 48824
b Institute of Biological Chemistry, Washington State University, Pullman, Washington 99164

Plant Physiol. (1998) 118: 91-101

wrinkled1: A Novel, Low-Seed-Oil Mutant of Arabidopsis
with a Deflaency in the Seed-Specific Regulatlon of
Carbohydrate Metabolism'

Nicole Focks and Christoph Benning*

Institut flir Genbiologische Forschung Berlin GmbH, lhnestrasse 63, 14195 Berlin, Germany (N.F., C.B.); and
Department of Biochemistry, Michigan State University, East Lansing, Michigan 48824-1319 (C.B.)

>700 lipid metabolism genes in Arabidopsis

An enzyme regulating triacylglycerol composition
is encoded by the ROD1 gene of Arabidopsis

Chaofu Lu®, Zhanguo Xin®1, Zhonghai Ren®, Martine Miguel®2, and John Browse>3

#nstitute of Biolegical Chemistry, Washington State University, Pullman, WA 99164; and ®Department of Plant Sciences and Plant Pathology, Montana State
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Many factors affect oil accumulation in seeds

Light Humidity Temperature
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v X m Seed development
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m Oil biosynthesis pathway
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1 =1 = 1 m Cytoplasmic effect
Transcriptional
control [ LAFL network & ast)ciated genes ] ] Ca I“bon pa I‘titioning (Oil-pl‘OtEin)
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m Source-translocation-sink
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—
Seed oil content is a key trait of rapeseed

o Oil Content Of CUItivarS in China is SRR K 575 R2008-20 15E MR B K A RmBE
averagely 43%

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

® Increasing oil content can increase
oil production (43%—50%, oil
production 116%)

EASESX:

HUAZHONG AGRICULTURAL UNIVERSITY



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

research platform

Multi-omics

Germplasm
Genome
Transcriptome
Metabolome
Database
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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




@ Genome- and transcriptome-wide association studies of
seed oil content (SOC)
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—
Re-sequenced an association population
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Mapping oil-related QTLs by GWAS

Sub-population (32)

® Mapped 27 reliable

T2 QTLs
® Analyzed the

distribution of these
QTLs in the
population
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Prediction of candidate genes by TWAS
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Prediction of candidate gene of gOC.A05.3
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Prediction of candidate gene of gOC.(05.3
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@ Multi-omics analysis dissects the genetic architecture of
seed coat content (SCC)
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SCC is an important seed trait

Histogram of SCC * 100

® 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

L)
10

24 con content ) = coat weight in seeds
ROB ® 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
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SCC-related gene modules and co-expression networks
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—
Further mining key genes
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BnaCCRL affects both SCC and SOC
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® Mining gene impacting SOC through metabolome analysis
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Mining loci/gene through metabolome analysis

i e e ® 2,172 metabolites of
3 B Sl el LA mature seeds were
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TR R R correlated with SOC
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—
Mining genes requlating SOC through mGWAS

A D
® 230 mQTLs have been RRRIESE{N TN N A I
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Conduction of triple relationship network discovers promising
genes for improving SOC

® Metabolite-mQTL-eQTL-gene
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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) Araabriﬂooﬁfsiz'e%agsgna'
BnaPMT6 Tang et al., Mol Plant (2021) B. napus
BnaCCRL Zhang et al., Genome Biol (2022) B. napus
BnaNTTT 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
BnaFAXT7 Li, et al., Mol Breed (2023) B. napus
LncRNAs Li et al., Biotechnol Biofuels Bioprod (2023) B. napus
BnaCo05.UK Li et al., Genome Biol (2023) B. napus
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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
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Summary

B Generated multi-omics data resources

m Efficient gene mining based on multi-omics analysis
B Prediction of gene function by multi-omics analysis
B Construction of regulatory network

B Precisely breed rapeseed with high seed oil content
driven by knowledge of multi-omics analysis
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