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Outline

• Assembled Brassica genomes
• Identify and annotate genes
• Identify genome variation
• Associate genome variation with traits
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• Which alleles have been selected for in different germplasm?

• Can we associate genes/alleles with traits

• Have all favourable alleles been fixed?

• Have unfavourable alleles been dragged along for the ride?

• What is the impact of linkage drag?

• Can this information be used for selecting parents/progeny?

• Can this be applied for breeding better canola?

Finding function
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• Genotyping by sequencing

• Screen broad germplasm

• Diversity sets

• Segregating populations

• Infinium array

Finding function



Brassica Sequencing

• Illumina GAIIx and Hi-Seq data for:

• B. rapa BA, XA

• B. oleracea BC

• 14 B. napus cultivars

• Diploid A, B and C

• Wild Brassica species
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The Brassica rapa Genome Sequencing Project Consortium. The genome of the mesopolyploid crop species Brassica rapa. Nature Genetics



Genetic map

Physical map
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Candidate gene discovery



Skipton

Ag Spectrum

SNAP 4396

• Sequencing confirmed the presence of a large (402 nt) insertion in the 3’ region of 
Ag Spectrum

Insertion in 3’ UTR
Stop codon at position 
44 – truncated protein

Candidate gene discovery



B. napus 6K infinium

• 5306 genome wide SNPs
• Genotype >2000 lines



MBGP SNP consortium

• A, C and AC genomes
• 60,000 SNPs
• Genome wide coverage
• SNP content by 1 December 2011
• Delivery April 2012
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Sequencing SYM genes in 
Brassicas:  NSP2



Sequencing

• Isolates sequenced
• 06 MGPP641 
• 04 MGPS021 

• Illumina GAIIx paired end reads
• 06-41 -> 140x coverage
• 04-21 -> 86x coverage

• Aligned to L. maculans genome
• SNP prediction performed



Alignment of tags to reference genome: 



SNP identification

• SNPs predicted using SGSautoSNP
• 21,814 SNPs predicted 
• 2.07 SNPs per kb

Example of SNP validation result

SNP type Base change Count %

Transition A > G 8905 40.82

Transition C > T 8758 40.15

Transversion A > C 1088 4.99

Transversion A > T 1021 4.68

Transversion C > G 1038 4.76

Transversion G > T 1004 4.6



SNP Validation

• SNPs predicted using SGSautoSNP
• 20 SNPs validated using Sanger sequencing across 25 different 
isolates
• 384 SNPs chosen for Goldengate assay

Example of SNP validation result



SNP Validation

Example of SNP validation result

SNP 

number

SNP 

score Ref 21 41 14
S1 14 G A G G
S2 10 C C T T
S3 18 A A T T
S5 5 G A G G
S6 11 A T A T
S7 4 C T C C
S8 2 A G A A
S9 8 A A C A
S11 11 G G T n/a
S14 13 A A G A
S15 23 G G A G
S16 15 G C G G
S17 8 C C G C
S18 5 G A G G



L. maculans Goldengate assay

• 96 different isolates (including replicates)
• 384 SNPs

• Genome-wide spread
• 76 Supercontigs



SNP number SuperContig Position Genic location SNP Type Base changes PIC

SNP1 0 369650 CDS Transition G >A 0.4352

SNP2 20 433691 CDS Transition C > T 0.1472

SNP3 25 259169 Intergenic Transversion A > T 0.4862

SNP5 5 996624 CDS Transition G > A 0.1472

SNP6 60 506 Intergenic Transversion A > T 0.4966

SNP7 9 1524477 Genic Transition C > T 0.3085

SNP8 9 789721 Intergenic Transversion A > G 0.0671

SNP9 2 838930 Intergenic Transversion A > C 0.3299

SNP11 4 1362010 Intergenic Transversion G > T 0.4898

SNP14 8 1296096 Intergenic Transition A > G 0.4959

SNP15 12 352844 CDS Transition G > A 0.4445

SNP16 12 838085 Intergenic Transversion G > C 0.2188

SNP17 12 1107690 Intergenic Transversion C > G 0.4133

SNP18 14 1268037 CDS Transition G > A 0.0643
Results for population isolates



SNPs in coding region

• Differences in tag sequences between 06-41 and 
04-21 
• base change D (Aspartic acid) to N (Asparagine) 



Isolate 
Number

Reference 
number Isolate name Year Cultured

Year plant 
was grown Stubble resistance source Stubble cultivar Stubble collection site State

1 04MGP-P029 L. maculans 2004 2003 Polygenic Pinnacle Geelong VIC

2 07VTJH020 L. maculans 2007 2006 Juncea JC05007 Horsham VIC

3 09SMJ087 Not yet determined 2009 2008 Juncea OasisCL Kaniva VIC

4 05MGPP033 L. maculans 2005 2004 Poly Skipton Yeelanna SA

5 89/C16 L. maculans 1988 1987 unknown B. napus Millicent SA

6 04MGP-S006 L. maculans 2004 2003 Sylvestris Surpass 400 Eyre Peninsula SA

7 10SMJ041 Not yet determined 2010 2009 Juncea Oasis Tamworth NSW

8 06MGPP019 L. maculans 2006 2005 Polygenic Beacon Wagga Wagga NSW

9 LM300 L. maculans 2002 2001 Polygenic TI1 Pinnacle Mt Barker WA

10 LM592 L. maculans 2003 2002 Polygenic TI1 Pinnacle Mt Barker WA

11 06S012 L. maculans 2006 - Napus ATR-Beacon Bordertown SA

12 06J085 L. maculans 2006 - Juncea
(cultivar 

unknown) Horsham VIC

13 05P032 L. maculans 2005 - Napus Skipton Yeelana SA

14 IBCN13 L. maculans 1991 - Napus
(cultivar 

unknown) Australia -

15 IBCN15 L. maculans 1988 - Napus
(cultivar 

unknown) Streatham VIC

16 IBCN16 L. maculans 1988 - Napus
(cultivar 

unknown) Australia -

17 IBCN17 L. maculans 1988 - Napus
(cultivar 

unknown) Millicent SA

18 IBCN18, M1 L. maculans 1988 - Napus
(cultivar 

unknown) Penshusrt VIC

19 IBNC75 L. maculans 1987 - Napus
(cultivar 

unknown) Australia -

20 IBCN76 L. maculans 1987 - Napus
(cultivar 

unknown) Mt Barker WA

21 N/A L. maculans 2005 - Napus Surpass501TT Mt Barker WA

22 N/A L. maculans 2005 - Napus Beacon Mt Barker WA

23 PHW1223 L. maculans 1987 - Napus
(cultivar 

unknown) Australia -

Ref v23.1.3 L. maculans Mid-1990 - - - - -

21' 04MGPP021 L. maculans - - - - - -

41' 06MGPP041 L. maculans - - - - - -



Clusters



Goldengate Preliminary Analysis

= VIC,   = NSW,   = SA,   = WA
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Presence/Absence variation

• Sequencing further isolates
• Identification of sequence reads present in 

some genomes and not others
• Annotation of these regions
• Association with known information about 

the isolates
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