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Comparative genomics

Use of comparative data from a “model” genome to identify genes
responsible for important traits in another species
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Arabidopsis Brassica napus
Genome size 120 Mbp Genome size
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Genome alignment At — Bn
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Exploiting synteny: Examples
1. Potentially gene-linked SSR markers for
allele-trait association studies:

Identification of markers and key genes
associated with seed glucosinolate content

2. QTL dissection and Arabidopsis resources
for identification of candidate genes for a
“phenotypically difficult” trait:

Seed colour and fibre content

Seed glucosinolate content

Around 30 genes are known to be involved in glucosinolate biosynthesis in
Arabidopsis leaves and/or seeds. This corresponds to potentially hundreds
of gene copies in the polyploid oilseed rape genome

Which of these genes control seed GSL biosynthesis in B. napus?

What are the key genes that regulate the biosynthesis of aliphatic and
indole GSLs?

Can we find new allelic variation for different copies of these genes?




Homoeologous BnQTL for GSL content
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QTL-linked markers have copies in four regions on At chromosomes 4 & 5

Candidate genes for GSL biosynthesis?

At4 At5
0.00 0.00

7.70 MAM1/MAML

8.56" || "CA72  Methylthioalkylmalate
Synthase (MAM1/MAML)
Altered Tryptophan elongates methionine chain
15.08-f-aTRa  REQUlAtiON 4 (ATR4) during aliphatic GSL
16.63 Wis7 hydroxylation step during biosynthesis
' P indole GSL biosynthesis
Three At chromosome regions 2451~ -ATR1

&4 Altered Tryptophan

containing RFLP sequences from 24.91 PW141 Regylation 1 (ATR1)
. . 25.26 pO119

major GSL-QTL also contain regulates indole GSL

important genes involved in indole homeostasis
and aliphatic GSL biosynthesis




“Potentially gene-linked SSR markers”

Arabidopsis-Brassica integrated database

Search for SSR motifs (*) in Brassica sequences with high homology to
regions containing At candidate genes
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Marker-trait association?
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12 well-functioning, polymorphic SSR
primer combinations identified in GSL
candidate gene regions

4 additional SSR markers from major
QTL for seed GSL content

Tests for association with seed GSL
content in 96 genetically diverse
B. napus gene bank accessions

Adjustment for population structure
using genome-wide data from neutral
SSRs to control for false positives

Vegetable
forms

: Spring
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Winter
oilseed types
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Trait association of gene-linked SSRs

For all of the candidate genes investigated we

(=2
found flanking SSR sequences with significant ?Ev 100 |
associations to seed total GSL content \E%
g .
All of the QTL-linked SSR markers also showed 8 H
significant trait associations in the gene bank %
accessions §
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In most cases different alleles showed 3 8
significant associations with increased and 8 " é %,
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Marker Frequency Mean GSL (umol/g)  P-value e«
Gi28_442 0.80 70.4 0.000 T
Gi28_444 0.18 37.7 0.000
Ra2E11_192 0.33 81.2 0.000
Ra2E11_222 0.53 17.8 0.006

Trait association of gene-linked SSRs
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Identification of a new candidate gene

Two genome-wide SSR markers that were also significantly associated to
seed GSL content in the gene bank accessions were found to be closely
linked in Arabidopsis to another interesting candidate gene:

At3
0.00 IQ-DOMAIN 1 (IQD1)
19 oo Transcription factor that
3.0 out-eit - modulates numerous
GSL pathway genes

Loss-of-function IQD1 mutants in Arabidopsis
show areduction in total seed GSL content

23.47

New allelic diversity for GSL reduction?

All SSRs with significant associations to GSL content in the gene bank
accessions were retested in a genetically diverse set of 46 old and new
European winter rapeseed varieties

- Most GSL-associated markers were present at only very low frequency (<5%)

- Only three of the markers were also associated with GSL content in modern varieties

- Some of the markers are localised in B. napus genome regions that do not contain
known QTL for GSL content

Conclusion: High-GSL B. napus gene bank accessions contain considerable
untapped allelic variation for low seed GSL content

- Gene-linked markers may help to develop new low-GSL gene pools

- Further reduction of GSL in current 00 material may be possible by marker-assisted
replacement of high-GSL associated alleles at individual loci




Seed colour and fibre content

The thin seed coat of yellow-seeded B. napus is associated with lower
levels of antinutritive fibre and tannins in the seed meal

The yellow-seed trait can be extremely sensitive to the environment, so is
difficult to use as a selection marker for fibre reduction

Development of gene-linked markers is an important aim for breeding of
low-fibre, low-tannin varieties

One major QTL explaining >50% of
the variation in seed colour and lignin
content

Further QTL with additional epistatic
effects on seed pigmentation

Plus possible epigenetic regulation?

Major factor: Seed coat thickness (thickness of palisade layer cell walls),
which also has a strong influence on the antinutritive lignin content

Contributing factors: Dark-coloured phenolic compounds in the seed
coat, particularly oxidised condensed tannins (proanthocyanidins)




Transparent testa candidate genes

7

The thin seed coat of yellow-seeded B. napus is similar to the phenotype
of many transparent testa mutants in Arabidopsis

Comparative mapping of major QTL

A major QTL for seed colour was
co-localised in genetic maps from
two different YS sources

M

Large DH populations

v

Phenotype dissection

Seed colour
Fibre components
Phenolic acids
Flavonoids
Germination
Seedling development
Hormone profiles

LOD = 20-30
part. R2 > 50%

QTL-flanking markers sequenced
and aligned to Arabidopsis




Candidate genes in major QTL?

AFLP marker sequence

Mannitol dehydrogenase-like

Candidate 1 e
) genes, similar to CAD2/CAD3
Candidate 2 .
(two homologous copies)
Major QTL for seed colour
and seed fibre content
Candidate 3 CCR1-like gene, 65 kbp from

ortholog of QTL-linked SSR

SSR marker sequence

Lignin biosynthesis
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Tissue-specific expression?
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Tissue-specific expression?
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Tissue-specific expression?

& .8 & Arabidopsis eFP Browser
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Seed lignin candidates?

Expression patterns in Arabidopsis seeds (data from Genvestigator)

a®
.l ® CCR1-like candidate Expression pattern during early seed
| ® AHA10 development similar to numerous
i TT8 endothelium-specific TT genes
®TT12
® CAD-like candidate Very low expression in seeds,

strongly expressed in xylem and in
stress or pathogen responses

Hypothesis: The CCR1-like gene may be
involved in seed-coat specific lignin deposition

Seed development
and germination
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Expression in B. napus

Sequence analysis of B. napus ESTs (particularly seed ESTs)

- The CCR1-like candidate is quite divergent from the real CCR1, but is still
annotated to lignin biosynthesis

- B. napus ESTs with high homology to the CCR1-like candidate gene cluster
into two distinct groups: Two similar homologs? Or two loci of same gene?

Conserved primers
developed for each of the

CCR1-like EST groups for

expression analysis during
B. napus seed development

Expression in Brassica napus

Gene expression in developing B. napus seeds (cv. Express)

1.4
Quantitative real-time PCR

Endogenous control: Cyclophilin /\

~N CCR-like gene
(EST group 1)

AN

Log10 (relative quantitation)

W \/—- CCR-like gene
/ ) (EST group 2)
00 — CAD-like gene

17 20 23 28 35 42 49 63 70

o
N

Days after pollination
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Candidate validation

Isolation and characterisation of B. napus candidate gene copies

- Isolation of BACs containing the QTL-linked SSR marker together with
copies of the CCR1-like candidate gene:

QTL-linked Screening with gene-
SSR marker specific primers

Positive BACs

(approx. 120 kbp)

Distance in At: ~65kbp

Sequencing of gene copies in YS and BS lines,
marker development and mapping of
homologous loci

Detailed expression profiling in seeds of
YS and BS lines by RT-PCR

Summary and Outlook

» Arabidopsis-Brassica synteny tools enable development
of useful gene-linked SSR markers for B. napus QTL,
and identification of genes underlying quantitative traits

» As new-generation sequencing technologies become
established, huge advances can be expected in the
availability of Brassica sequence data and SNPs

» Microsyntenic alignment of high-density SNP maps and
physical maps to the Arabidopsis genome will vastly
increase the power of comparative analyses in B. napus

» Phenotype dissection into constituent traits can simplify
the search for relevant candidate genes

» Epigenetic modifications and regulation of quantitative
traits are still poorly understood and represent one of the
major challenges with regard to understanding and using
quantitative variation
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