
• Brassica genome structure and evolution

• Genome framework for association genetics

• Establishing marker-trait associations
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GENOME RELATIONSHIPS BETWEEN SPECIES – “U’s TRIANGLE”
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MULTIPLE ROUNDS OF POLYPLOIDY/DIPLOIDIZATION

• Model system for the
impacts of polyploidy on
the structure of plant
genomes

• Molecular genetic
analyses, particularly
comparative, will be
problematic
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GENOME MICROSTRUCTURE IN “DIPLOID” BRASSICA SPECIES

Example (Brassica oleracea)

• Triplicated genome – paralogues

• Extensive collinearity between
protein-coding genes in Brassica
and Arabidopsis

• Extensive interspersed gene loss

• Evidence for transduplication of
genes/gene fragments
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COMPARATIVE ANALYSIS BETWEEN BRASSICA SPECIES

Comparison of genome microstructure
across orthologous genome segments
in B. oleracea, B. rapa and both
genomes of B. napus

• High collinearity between protein-
coding genes in A and C genomes,
as represented in diploids and
B. napus, but some breakdown

• Considerably more interspersion of
transposon-related sequences in
gene space of C genome
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POLYMORPHISM TYPES IN A POLYPLOID
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A1 A2

A3 A4

A5
A6

A7 A8

A9 A10

Brassica rapa: 284 Mb gene space sequenced 41,174 gene models

GENOME SEQUENCING
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Brassica rapa genome sequences aligned to A. thaliana and related to AK

GENOME – SCALE COMPARATIVE ANALYSIS
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Differential gene loss from Brassica rapa paralogous genome segments

A. thaliana genome (Mb)
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GENOME – SCALE COMPARATIVE ANALYSIS
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Brassica oleracea: 540 Mb gene space sequenced 44,940 gene models

GENOME SEQUENCING
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• Brassica genome structure and evolution

• Genome framework for association genetics

• Establishing marker-trait associations
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GENETIC VARIATION

• Genetic variation controls productivity and quality of crops

• Both gene sequence variation and gene expression variation are important
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USE “FUNCTIONAL GENOTYPES” FOR MAPPING

mRNA
3,000,000,000 bases of

sequence per plant
(~ one complete human genome)

Unigene reference sequence



• Established reference sequence based on the 94k unigenes
(EST assemblies) used for the community Brassica microarray

• Conducted Illumina sequencing runs on two cultivars
(Tapidor & Ningyou 7)

• Used components of M.A.Q. for sequence alignment and SNP calling

• Bioinformatics processing of data for the detection of putative SNPs

SNP DETECTION USING ILLUMINA SEQUENCING
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INTEGRATED SNP DISCOVERY AND ASSAY

Transcriptome SNPs distributed throughout gene space

Can be converted to DNA-based assays for marker-assisted selection

NOT dependent upon having to first discover polymorphisms before
analysis of sequence variation

Adapted bioinformatics pipeline to simultaneously identify polymorphic loci
(positions within Brassica unigene reference sequences), assess suitability
for use as markers across panels of lines and produce scoring strings
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UNIGENE-BASED ALIGNMENTS BASED ON BLAST SIMILARITY

SNP ID AGI code
B. rapa
Scaffold Position

Unigene:SNP coordinate

Alignment to AGI models
Alignment to genome sequences

Allele scoring strings
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TNDH linkage map with 21,323 SNP markers in 527 recombination bins

LINKAGE MAP CONSTRUCTION USING mRNA-seq
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GENOME ANALYSIS USING mRNA-seq

Analysis of
collinearity with the
genome of
Arabidopsis thaliana
via 9,169 anchoring
unigenes
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UNMAPPED UNIGENES ORDERED BY MAPPED SEQUENCE SCAFFOLDS

Use BLAST to identify B. rapa and B.
oleracea genome sequence scaffolds
corresponding to linkage-mapped unigenes,
assemble into preudomolecules
representing the B. napus genome.

Use BLAST to identify best match
between sequence of every unigene and
the pseudomolecules representing the B.
napus genome.
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61,613 unigenes anchored to A genome
64,292 unigenes anchored to C genome

UNMAPPED UNIGENES ORDERED BY MAPPED SEQUENCE SCAFFOLDS
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BEST UNIGENE SEQUENCE MATCHES TO A AND C GENOMES

Rearrangements between A and C genomes (as represented in B. napus)

48,442 unigenes
collinear between
genomes

(BLAST-mapped 1E-30 to
both genomes, filtered to
exclude those with
inconsistent cross-genome
matches for both flanking
unigenes)
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Good (but not perfect) collinearity between diploid-based and B. napus-
based pseudomolecules representing the B. napus genome

BEST UNIGENE SEQUENCE MATCHES TO RAPESEED GENOME
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• Brassica genome structure and evolution

• Genome framework for association genetics

• Establishing marker-trait associations
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ASSAY OF SNPs ACROSS DIVERSITY PANELS

Transcriptome SNPs identification and scoring as for mapping populations
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Tree construction
across 83 B. napus
accessions with
101,644
transcriptome
SNPs.

RELATEDNESS ANALYSIS
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POPULATION STRUCTURE ANALYSIS

STRUCTURE analysis across 83 B. napus accessions
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ASSOCIATION GENETICS

Linkage Disequilibrium analysis
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VISUALISING MARKER-TRAIT ASSOCIATIONS

Genome-Wide Association Scans: “Manhattan plots”

Significance of
Association

Log scale

Hypothetical position in genome
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EXAMPLE OF ASSOCIATION GENETICS USING TRANSCRIPOME SNPs

Clusters of highly
significant
associations coincide
precisely with the
positions of the
genes known to
control the trait

Validation experiment: Linkage Disequilibrium analysis for erucic acid
content of seed oil (53 B. napus accessions)
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Genome-wide
association scan
for SNP markers
in 125,905
hypothetically
ordered unigenes

ASSOCIATION GENETICS USING TRANSCRIPOME SNPs: GLUCOSINOLATES

Trait of unknown basis: Linkage Disequilibrium analysis for glucosinolate
content of seeds (53 B. napus accessions)
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CORRELATE GENE EXPRESSION VARIATION WITH TRAIT VARIATION

Genome-wide
regression for
expression
variation in
125,905
hypothetically
ordered unigenes

Trait of unknown basis: Regression analysis for glucosinolate content of
seeds (53 B. napus accessions)
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• Association analyses provide molecular markers to support breeding

• Associative Transcriptomics often identifies causative gene variants

IDENTIFICATION OF CANDIDATE GENES

C2 A9
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Markers associated with variation are predictive of quantitative trait values

TRAIT PREDICTION

GEM-based prediction of seed glucosinolate content

Predicted glucosinolate content
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R2 = 0.56

SNP-based prediction of seed glucosinolate content

Predicted glucosinolate content
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