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o Currently 500 available MAGIC lines [w/ Richard Mott]
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In Progress:

o Associate molecular phenotypes with genotypic variation
o ldentify cis and trans-factors:

1 cis/trans
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In Progress:
o Associate molecular phenotypes with genotypic variation
o Identify cis and trans-factors: 1 ...

Goal: Accurate models f(DNA, 1 e ..) = 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
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Sequencing 18 Arabidopsis Genomes
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o ~40x coverage with Illumina paired end reads
o Multiple insert sizes (200 & 400 bp, read lengths 32-51bp)

© Gunnar Ritsch (cBio@MSKCC) Multiple Reference Genomes and Transcriptomes for A. thaliana @ ISMB 2012, Long Beach 6


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

o _ Memorial Sloan-Kettering Cancer Center
Sequencing 18 Arabidopsis Genomes
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~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
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Sequencing 18 Arabidopsis Genomes
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Strains

~40x coverage with lllumina 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
o 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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Transcriptome Sequencing
RNA-seq (lllumina, 76bp) of founder accessions:
o Non-strand-specific, 13 million reads in two replicates

o Strand-specific, 75 million reads for validation

::;k 9361k 9362% 9353k 9364k 9365k 9356k 9367k 9368k 9354
Gene Models — e
COoL-0 q
BURO ° Gepe expression
:{ hau estimates
“'“" o Genome reannotation
A
CT1 ::l

© Gunnar Ritsch (cBio@MSKCC) Multiple Reference Genomes and Transcriptomes for A. thaliana @ ISMB 2012, Long Beach 8


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

" I Memorial Sloan-Kettering Cancer Center

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

genomic position

True genemocel I\ =

wrong gene model — -
Step 1: SVM Signal Predictions
= s b, Lol bow 0 N
CDS Exon CDS Transcript
# predicted SN (%) SP(%) F (%) #predicted SN (%) SP (%) /F (%)
mGene 146,241 84.8 85.5 85.2 26,649 56.5
mGene.ngs 136,391 84.3 91.2 87.6 25,077 57.6
Cufflinks 94,921 53.6 88.1 66.7 16,811 28.6
ORF>100
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Training

o Training on col-0 reference
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o Training on col-0 reference

o Strain-specific predictions and coordinate system
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o Training on col-0 reference

o Strain-specific predictions and coordinate system
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Genome Reannotation

Reference
Annotation

X 19 strains
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Total Novel
Type Per accession RNA-seq Per accession RNA-seq
confirmed (%) confirmed (%)
Genes 33,197 62.7 319 88.4
Transcripts 42338 599 2,316 84.2
Introns 127,640 833 1,345 72.1
Start codons 33,264 n.a. 503 n.a.
Stop codons 33,720 n.a. 528 n.a.
Intron retentions 1,192 78.1 873 76.5
Exon skips 80 80.5 38 76.7
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Genome Reannotation
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AT4G00650 - FRIGIDA - Flowering locus A Chromosome 4: 269.026.271,503
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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 Transcriptome
sequencing sequencing

Genome Genome
reconstruction reannotation

Quantitative mRNA
variation

Qualitative proteome
variation
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Amino Acid Sequence Variability

Category n Mean pair AA-distance
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Translation stop 133 [N L |

Translation start % I N |

Premature stop 341 I ]

Frame shift 1,169 Il ]

Fraction < (\) [ ‘0_‘5‘ [ 1\

% AA changes
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— | -
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Amino Acid Sequence Variability

Category n Mean pair AA-distance
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Isoform variability

Category / gene family T R T

Pseudogene 924 I |
New gene 447 ND
Coding gene 27,416 NN |

Defensin-like 284 NN
F-box 651 I |
Type IMADS box TF 42
MYBTF 142 I |
Cytochrome P450 211 I |
bZIP TF 74 I
bHLHTF 151 I
Receptor-like kinase 587 I |
TIR-NB-LRR (TNL) 78 . |
CC-NB-LRR (CNL) 47 I |
Primary pumps ATPase 79 I
Eukaryotic initiation factor 93 I
Cytoplasmic ribosomal 232 I
Kinesin 58 I

L e e e
Fracton= 0 02 04 06 08 1

Distance
Il 0-1% > 20-50%
I > 1-5% [l >50-80%
>5-10% Il > 80-100%
>10-20%
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Gene Expression Variability
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o Mapping of RNA-seq reads against private reference genomes

o /19,000 genes with detectable expression
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Gene Expression Variability

diff. expression
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TP T 1 E— o 9,360 differentially
Cytochrome P450 211 |
bZIPTF 74 I — expressed genes
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Gene Expression Variability

Category / gene family

Isoform distance

nlo Lo
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Memorial Sloan-Kettering Cancer Center

~19,000 genes with
detectable expression
o 9,360 differentially
expressed genes
o 1,712 with
fold-change > 10
o 308 with
fold-change > 50

o Causes of
differential
expression?
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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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Structural Variation

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

Strain-specific gene model change (genome reannotation)
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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
Mappable cis eQTLs
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Gene expression variability
Population structure & unknown confounding
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Gene expression variability
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Conclusions and future directions

Catalogue of variation for 19 Arabidopsis MAGIC Lines founders:
o Accurate genome reconstruction
o De novo genome reannotation

o Detailed dissection of qualitative and quantitative
transcriptome variation
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Conclusions and future directions

Catalogue of variation for 19 Arabidopsis MAGIC Lines founders:
o Accurate genome reconstruction
o De novo genome reannotation
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transcriptome variation

@ This study
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EE @ Ongoing/Future
EE o Investigate magic lines themselves
EE o Analysis of trans variation
o Integration of methylation info
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Thank You!

Arabidopsis distribution
- Accession collected

More information and data:
http://bioweb.me/19g

Talk slides:
http://raetschlab.org/lectures

Looking for postdocs
http://raetschlab.org/offers
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Memorial Sloan-Kettering Cancer Center
[Gan et al., Nature, 2011]

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 Tubingen
Reannotation & transcriptomes
O. Stegle, J. Behr, P. Drewe, A.
Kahles, R. Bohnert, G. Jean, S. J.
Schultheiss, G. Ratsch

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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