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Variability & Association Studies
Multiparent Advanced Generation Inter-Cross (MAGIC) lines

Currently 500 available MAGIC lines [w/ Richard Mott]

≈200 natural strains with RNA-seq [w/ Magnus Nordborg]

In Progress:

Associate molecular phenotypes with genotypic variation

Identify cis and trans-factors:

Goal: Accurate models f (DNA, ,. . . ) = RNA

c© Gunnar Rätsch (cBio@MSKCC) Multiple Reference Genomes and Transcriptomes for A. thaliana @ ISMB 2012, Long Beach 3

Memorial Sloan-Kettering Cancer Center 

http://cbio.mskcc.org
http://www.mskcc.org


Variability & Association Studies
Multiparent Advanced Generation Inter-Cross (MAGIC) lines

Currently 500 available MAGIC lines [w/ Richard Mott]

≈200 natural strains with RNA-seq [w/ Magnus Nordborg]

In Progress:

Associate molecular phenotypes with genotypic variation

Identify cis and trans-factors:

Goal: Accurate models f (DNA, ,. . . ) = RNA
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18+1 Reference Genomes and Transcriptomes

Goal: Characterize genome, transcriptome and proteome variation in
19 strains of the plant Arabidopsis thaliana

Genome 
reconstruction

Genome 
reannotation

Genome
sequencing

Proteome 
variation

Quantitative mRNA
variation

Qualitative proteome
variation

Transcriptome
sequencing
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Sequencing 18 Arabidopsis Genomes

Aligned 
Genomic 

Sequencing  
Reads 

Reference Genome 

Coverage Profile  

≈40x coverage with Illumina paired end reads
Multiple insert sizes (200 & 400 bp, read lengths 32-51bp)
Iterative read mapping against the reference genome
Full de novo assembly with SOAP and integration of contigs
⇒ ≤ 1 error / 10kb ⇒ sufficient for genome reannotations
Extensive genomic variation (3Mbp SNPs, 15Mbp indels)
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18+1 Reference Genomes and Transcriptomes

Goal: Characterize genome, transcriptome and proteome variation in
19 strains of the plant Arabidopsis thaliana
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c© Gunnar Rätsch (cBio@MSKCC) Multiple Reference Genomes and Transcriptomes for A. thaliana @ ISMB 2012, Long Beach 7

Memorial Sloan-Kettering Cancer Center 

http://cbio.mskcc.org
http://www.mskcc.org


Transcriptome Sequencing
RNA-seq (Illumina, 76bp) of founder accessions:

Non-strand-specific, 13 million reads in two replicates

Strand-specific, 75 million reads for validation

Gene expression
estimates

Genome reannotation
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Genome Reannotation
mGene [Schweikert et al., 2009] & mGene.ngs [Behr et al., 2010, 2012, i.p.]
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Genome Reannotation

mGene.ngs

Col-0
Genome

Col-0
RNA-Seq

Reference 
Annotation

Training

Training on col-0 reference

Strain-specific predictions and coordinate system
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Genome Reannotation
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Genome Reannotation
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18+1 Reference Genomes and Transcriptomes

Goal: Characterize genome, transcriptome and proteome variation in
19 strains of the plant Arabidopsis thaliana
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Amino Acid Sequence Variability
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Amino Acid Sequence Variability
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Gene Expression Variability

Mapping of RNA-seq reads against private reference genomes

≈19,000 genes with detectable expression
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Gene Expression Variability
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Gene Expression Variability
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Gene Expression Variability
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Gene Expression Variability
Structural Variation

[DESeq, Anders & Huber, 2010]

[rDiff, Stegle & Drewe et al. 2010]
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Gene Expression Variability
Structural Variation

Strain-specific deletion (genome reconstruction)
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Gene Expression Variability
Structural Variation

Strain-specific deletion (genome reconstruction)
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Gene Expression Variability
Structural Variation

Strain-specific gene model change (genome reannotation)
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Gene Expression Variability
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Gene Expression Variability
Structural Variation

(FC > 50): 308
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Gene expression variability
Copy Number Variation

2 x
1 x

(FC > 50): 308
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Gene expression variability
Mappable cis eQTLs
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Gene expression variability
Mappable cis eQTLs
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Gene expression variability
Population structure & unknown confounding

Variance component model
yg ∼ N (0, α2

pKp︸ ︷︷ ︸
population

+ α2
cKc︸ ︷︷ ︸

confounding

+α2
s Ks︸ ︷︷ ︸
cis

+σ2I)

Stegle & Parts et al. 2010

Gan et al., Nature, 2011
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Conclusions and future directions

Catalogue of variation for 19 Arabidopsis MAGIC Lines founders:

Accurate genome reconstruction

De novo genome reannotation

Detailed dissection of qualitative and quantitative
transcriptome variation
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1 This study

Investigate magic founders
Analysis of cis variation

2 Bioinformatic tools to handle
“personal” genomes and annotations

3 Ongoing/Future

Investigate magic lines themselves
Analysis of trans variation
Integration of methylation info
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Thank You! [Gan et al., Nature, 2011]

More information and data:

http://bioweb.me/19g

Talk slides:

http://raetschlab.org/lectures

Looking for postdocs
http://raetschlab.org/offers

University of Oxford
Genome sequencing & reconstruction
G. Xiangchao, N. Harberd, R. Mott

University of Utah
Transcriptome sequencing
J. Steffen, C. Toomajian, R. Clark

Max Planck Campus Tübingen
Reannotation & transcriptomes
O. Stegle, J. Behr, P. Drewe, A.
Kahles, R. Bohnert, G. Jean, S. J.
Schultheiss, G. Rätsch

University of Bath: P. Kover

Kansas State U: K. L. Hildebrand

EBI: P. Derwent, P. Kersey

The Sainsbury Laboratory: E. Kemen
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