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Goal: Learn to predict what these processes accomplish:

o Given the DNA, ..., predict all gene products

f(DNA, 1 2 3) = RNA F(RNA, 4 5) = protein
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Goal: Learn to predict what these processes accomplish:

o Given the DNA, ..., predict all gene products
f(DNA, 1 2 3) = RNA F(RNA, 4 5) = protein

o Estimating f, F amounts to cracking the codes of
transcription, epigenetics, splicing, ..., protein interactions, ...
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Machine Learning
Learning from empirical observations
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Frequent words of abstracts from publications 1998-2004.

[wordle.net]
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Machine Learning
Learning from empirical observations
Given: Observations of some complex phenomenon

Goal: Learn from data & build predictive models
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Machine Learning =

Learning from empirical observations
Given: Observations of some complex phenomenon
Goal: Learn from data & build predictive models

Example:

Feature 2

Feature 1 "

Two different classes of observations
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Machine Learning

Learning from empirical observations
Given: Observations of some complex phenomenon
Goal: Learn from data & build predictive models

Example:

Feature 2

Feature 1

Infer separation between classes
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Machine Learning

Learning from empirical observations
Given: Observations of some complex phenomenon
Goal: Learn from data & build predictive models

Example:

Feature 2

Feature 1 "

Rule for classifying new examples
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Machine Learning in Biology
Research Topics

(

Machine
Learning

Transcriptome analysis & genome annotation
=> Predict features encoded on DNA

@ Analysis of polymorphisms
=> Discover polymorphisms and associate with phenotypes

Molecular
Biology

® Biological networks
\. = Understand interactions between gene products

fml
. )
@ Large scale sequence analysis
=> Develop fast and accurate classification methods
@ Predicting for structured outputs
L => Accurate segmentation and structure prediction )
e )
@

J
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Learning About the Genome

Goal: Estimate f to predict RNAs
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Learning About the Genome

Goal: Estimate f to predict RNAs
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Learning About the Genome

Goal: Estimate f to predict RNAs
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Need:

o Good inference method v
o Inputs (DNA, 1 2 3)
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Learning About the Genome

Goal: Estimate f to predict RNAs
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Learning About the Genome

Goal: Estimate f to predict RNAs
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NUCLEUS CYTOSOL

Need:

o Good inference method

o Inputs (DNA, 12 3)
o Outputs (complete transcriptome)

“d N ‘
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Learning About the Genome

Goal: Estimate f to predict RNAs
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NUCLEUS CYTOSOL

Need:
o Good inference method

o Inputs (DNA, %3
o Outputs (complete transcriptome)
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Learning About the Genome

Goal: Estimate f to predict RNAs

v v ? ? - Bl el e
f(DNA, =) ~ RNA

NUCLEUS CYTOSOL

Need:
o Good inference method

o Inputs (DNA, %3
o Outputs (complete transcriptome)

e AN

Intermediate Goal: Fully reconstruct RNAs from experimental data

o Whole-genome tiling arrays (2007-2010)
o Deep RNA sequencing (RNA-seq) (2008- )
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Approaches to Understand Molecular Pathways

“Interesting”
mutants

|

Identify molecular
phenotypes

Characterize
molecular
pathways

o CBP20/80

[Laubinger et al., 2008]

o sRNA biogenesis (dcl1-4)

[Laubinger et al., 2010]
o NMD [w/ A. Wachter|

o Exosome [w/ E. Conti]
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Approaches to Understand Molecular Pathways

“Interesting” Cell types & ' Environment
mutants development
Identify molecular Identify & associate
phenotypes molecular phenotypes
Characterize Characterize
molecular molecular
pathways pathways
o CBP20/80 o A. thaliana tissue atlas
[Laubinger et al., 2008] [Laubinger et al., 2008]
o sRNA biogenesis (dcl1-4) o A. thaliana stress response
[Laubinger et al., 2010] [Zeller et al., 2009]
o NMD [w/ A.Wachter] o C. elegans tissue/development atlas
o Exosome [w/ E. Conti] [Gerstein et al., 2010, Spencer et al., 2011]
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Approaches to Understand Molecular Pathways
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o sRNA biogenesis (dcl1-4)

[Laubinger et al., 2010]
o NMD [w/ A. Wachter]

o Exosome [w/ E. Conti]
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Cell types &
development

}

Identify & associate
molecular phenotypes

Characterize
molecular
pathways

o A. thaliana tissue atlas

[Laubinger et al., 2008]

o A. thaliana stress response

[Zeller et al., 2009]

o C. elegans tissue/development atlas

[Gerstein et al., 2010, Spencer et al., 2011]
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Environment

fml

Natural
variation

}

Associate with
genetic variation

!

Characterize
molecular
pathways

o A. thaliana genome

variation [Clark et al., 2007a]

o O. sativa genome
variation [McNally et al., 2009]

o A. thaliana transcriptome

variation [w/ R Mott & R. Clark]
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Approaches to Understand Molecular Pathways
= fml

“Interesting” Cell types & Enwronment Natural
mutants development variation

Identify molecular [ Identlfy & associate ) LAssociate with )

phenotypes molecular phenotypes genetic variation

Characterize Characterize Characterize
molecular molecular molecular
pathways pathways pathways

o CBP20/80 o A. thaliana tissue atlas o A. thaliana genome
[Laubinger et al., 2008] [Laubinger et al., 2008] variation [Clark et al., 2007a]
o sRNA biogenesis (dcl1-4) o A. thaliana stress response o O. sativa genome
[Laubinger et al., 2010] [Zeller et al., 2009] variation [McNally et al., 2009]
o NMD [w/ A.Wachter] o C. elegans tissue/development atlas o A. thaliana transcriptome
o Exosome [w/ E. Conti] [Gerstein et al., 2010, Spencer et al., 2011] variation [w/ R. Mott & R. Clark]
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Analysis of C. elegans Transcriptomes

7 developmental stages
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Analysis of C. elegans Transcriptomes
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Analysis of C. elegans Transcriptomes
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Analysis of C. elegans Transcriptomes

7 developmental stages
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Analysis overview

The expression analysis addressed the following questions:

o Which genes are expressed when?

Chromosome X (Kbp)

12,065 12,0655 12,066 12,066.5 12,067 12,0675
)
[
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o~
o
2 10
© Tili
S, 9 iling array
® signal
o 87
N
3 7
=
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Analysis overview

The expression analysis addressed the following questions:
o Which genes are expressed when?
o Are there new genes which are not known up to now?

Chromosome X (Kbp)
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Analysis challenges

Hybridizing RNA transcript B

Hybridization intensity

Chromosome

©

Cross hybridization

o

Different experimental protocols in different labs

©

Probe-sequence effects,

(%)

Sample impurity ...
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Analysis challenges

Hybridizing RNA transcript _

Hybridization intensity

Chromosome

©

Cross hybridization

o

Different experimental protocols in different labs

©

Probe-sequence effects,

(%)

Sample impurity ...
Method developments:
o Improved probe-sequence normalization [Zeller et al., 2008c]

o Accurate segmentation of tiling array signals [Zeller et al., 2008b,c]
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Identification of novel TARs

Chromosome X (Kbp)
12,065 12,065.5 12,066 12,066.5 12,067 12,067.5
3 ' ; . . ) Annotated

™ C15A7.1 S-S — e — A
5 transcript
3 4
'
o
L 10
% 9 Tiling array
2 signal
o 89
&
g 77
z

Identification of novel TARs from tiling array data with mSTAD
[Zeller et al., 2008b,c]
o Train the internal parameters of the mSTAD on the
hybridization patterns of a few experimentally confirmed genes

o Apply mSTAD to identify novel TARs
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Identification of novel TARs

Exon detection accuracy at probe level of mSTAD:

100
M high
80 u
|
€ 60
@
5
@ 40
|
|
20 W ow
0 Expression bins
exon overlap exon overlap
Sensitivity Precision

o Evaluation of whole-genome predictions

= higher expressed genes are easier to detect
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Identification of novel TARs

Exon detection accuracy at probe level of mSTAD:

100 95 5 Q)
M high 0 2 §
80 H . ::.ggi éi%o
£ 60 R e oo OO(%%
g 5 .
& 40 - é .
20 = low &
O modMine
0 Expression bins 60
exon overlap exon overlap 55
Sensitivity Precision 50 ¢ e 5 o 7 5 o =
Sensitivity [%]
o Evaluation of whole-genome predictions
= higher expressed genes are easier to detect
o Method comparison:
o Modmine [Gerstein et al., Science 2010 Dec 24;330(6012):1775-87]
o mSTAD approach [Zeller et al., Genome Res., 2011 Feb;21(2):325-41]
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Identification of novel TARs

Detected TARs: o fml

o Overlap TARs with coding
genes: ~ 91%

22,3 Mb 0 = 22 Mb not in protein

(49 %) . :
coding regions
WormBase non-redundant o ~ 14 Mb | TAR
coding gene models TARs ~ nove S
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Identification of novel TARs

Detected TARs: fm |

o Overlap TARs with coding
genes: ~ 91%

2ol 0 = 22 Mb not in protein
(49 %) . .
coding regions
WormBase -redundant -
coding gene models q—?\?{;e unaan o =~ 14 Mb novel TARs

Chromosome I
3502K  3593K  3594K  3595K 3506k  3597K  3598K  3509K  3600K  3601K

Gene Models
Las o | |
WBGene00005509
TARs L2 intestine LI RIRNU I, | 1]
3596K 3596.5K 3597K
Pammde > —
L2-int-1 L2-int-2
= = = I | |}

[Spencer et al., 2011]
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Identification

WormBase
coding gene models

Chromosome I
3502K  3593K  3594K  3595K

of novel TARs

Detected TARs:

fml

o Overlap TARs with coding
genes: ~ 91%

22,3 Mb . :

’ o~22M

(49 %) : b l?ot in protein
coding regions

non-redundant ~

TARS 0 = 14 Mb novel TARs

3596k  3597K  3598K  3599K  3600K  3601K
4 " 4 " 4 4
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Las o | |
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TARs L2 intestine
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oo I

3596K

Gunnar Ritsch (FML, Tiibingen)
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> —e
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e - -
[Spencer et al., 2011]
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Which genes are specifically expressed?

1-2 5-6 9-10 13-14 17-18 21-22 25 lon transport 2 (15)

4. tissue samples "Homeobox (28)

lon tansport (13)

Neuropepida ¥ receptor (7)
Globin (20)

FMAFamide related peptice (7)

Nematods insuln related

syduosuel) pajejouuy

Percentage of the genome

z

1+ ® annotated exons % ?:::f.’h?;.”#é‘i;‘f;‘#‘.ﬂé’;
@ exons of the integrated transcript model =
2| 8 intronic TARs 5
@ proximal intergenic TARs 8
3L m distal intergenic TARs '.S.
@

7 (82)

Protein domains enriched in neuronal cells

[Spencer et al., 2011]
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Which genes are specifically expressed?

=fml

Chromosome Il 4520K 4530K 4540K
+ t t
Gene models WBGene00015136 WBGene00005058 WBGene00005059
«—mHo —S-E-r e -—aam-a

WBGene00015134

'E.mz > <@ smes-a
- WBGene00005062

WBGene00001948 WBGene00005061 ) 51a-36
TARs
LEA-classneuron 1 | W
L2 reference Il |
L2 panneural mim
L2A-classneuron I || W 1oun m min
L2 body muscle -
L2 coelomocyte .
L2excretorycell W || W 1 m
L2GABAneuron W | W
L2glut.rec.neuron M I W 1l
L2intestine mim Tmne e

o 7TM-encoding genes selectively enriched in A-type motor neuron
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Which genes are specifically expressed?
= fml

Chromosome Il 4520K 4530K 4540K
+ t +
Gene models WBGene00015136 WBGene00005058 WBGene00005059
«—mHo WBGene00015134 «—S-Em-ra -—am e
amz HEH—> -—@HEae-a
e WBGene00005062
194 WBGene00005061
WBGene00001948 sra-32 sra-36
TARs
LEAclassneuwron 11 B INIEEEI 1 | I E 1
L2 reference i m TEELLIRD 1o
L2 panneural | LU R | TN AT
L2 Aclassneuron 1 |1 TR LT 1 noomin
L2bodymusce W IM W | milr o
L2coelomocyle WD W |1m mEE | AW 0 ||
L2excretorycell 1 11 M EEEI] 1IN R 1m
L2GABAneuon BN | W | |EEMI| INI | WN|
L2glut.rec.neron M 1 W Il EEEE | RDE | BRI N
L2 intestine mim TEEEL RRE 1o

o 7TM-encoding genes selectively enriched in A-type motor neuron

o Under-representation of expressed genes on X chromosome in
primordial cells (Z2/Z3 core) [Spencer et al., 2011]
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Which genes are specifically expressed?

Chromosome Il

Gene models

TARs

LE A-class neuron
L2 reference

L2 panneural

L2 A-class neuron
L2 body muscle
L2 coelomocyte
L2 excretory cell
L2 GABA neuron
L2 glut. rec. neuron
L2intestine

=fml

4520K 4530K 4540K
WBGene00015136 WBGene00005058 WBGene00005059
<—mm30  \WRGene00015134 —S-E-r e -—am e
m > —asmes-a
WBGene00005062
194 WBGene0005061
WBGene00001948 sra-32 sra-36
IlE mimEL 1 IR
mim IEELL L
I e T TR AT
mim U THNT I 1o noomi
ElEE | mEEILE 0L
W E AR
mim CL IR nm
W | mEEIlIED | WA
LR TN BTN
mim R T TR ET]

o 7TM-encoding genes selectively enriched in A-type motor neuron

o Under-representation of expressed genes on X chromosome in
primordial cells (Z2/Z3 core)

o Guanylate cyclase gcy-9 in BAG neurons required for CO, sensation,
delineation of molecular pathway
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[Hallem et al., 2011]
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Understanding Global Expression Patterns

= fml

o Gene expression atlas, many interesting special cases.

o How can we understand global patterns of regulation?
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Understanding Global Expression Patterns

2L

o Gene expression atlas, many interesting special cases.

o How can we understand global patterns of regulation?

o = N W

- —— hbl-1 3F —— mec-17
~o— hih-2 —o— nip-8
r —— hih-3 2r
—o— pha-4 1k
kL 0F
t -1
I CS1(n=102) 21 ©s3(n=567)
EE LE L1 L2 L3 L4 YA EE LE L1 L2 L3 L4 YA
—— chn-1 3t —o— puf-8
—— spo-11 —— 88G-2
—o— flh-1 2F
1+
L ok
e 1 2
CS5 (n = 496) 2T css (n=92)

EE LE L1 L2 L3 L4 YA

EE LE L1 L2 L3 L4 YA

Group genes with similar
expression profiles:

o Clustering via
Self-Organizing
Maps (SOMs)

O Analyse gene sets
defined by clusters

EE=early embryos stage, LE=late embryos stages, L1-L4=larval stages, YA = young adults

Gunnar Ritsch (FML, Tiibingen)
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Developmental Stage Specific Clusters

Expression patterns of o oo
p p Soe e——
developmental stages g poo

assigned to 8 clusters

CS1 contains genes with
elevated expression
in early embryos (EE)

CS5, CS8 contain highly
expressed genes in
young adults

-1.54 o 1.95
Mean-centered log expression
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Cell-type Specific Clusters

E)

3| Ca(n=47)

AT Rl
B %mé%%ﬁ%éééé% i W‘fﬁ%* % é%é%*%%ﬁm I

L3/L4 ﬁ
Gunnar Ritsch (FML, Tiibingen)
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Understanding Global Expression Patterns
= fml

Sequence motifs over- or underrepresented in SOM clusters
= putative regulatory elements

Example: Motif related to vertebrate transcription factor (C/EBPalpha)

68000000000000 }
-:-:—j'_1|TCCAA

TNOTOO~OD

under-representation i 1 | over-representation
-20 20
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Understanding Global Expression Patterns
fml

Sequence motifs over- or underrepresented in SOM clusters
= putative regulatory elements

Example: Motif related to vertebrate transcription factor (C/EBPalpha)

- o~ @ -
- N m T W - - = = ¥
O 0O o o o O O QO o 0o o O o

2
0 T

TNOTOO~OD

o
©o r~

Cc9

under-representation [ 1 | over-representation
-20 20
A SOM clusters (stages) opt. motif location mut.inf. motif name

CS1 CS2 CS3 CS4 CS5 CS6 CS7 CS8
i 21 A0, 5' 0036  Homez, GATA2, CDP_CR3+HD ...

iE-j [ ]G, 5 0035  RSC3, E2F3_1, E2F2 1
[ (] ¢ oou smwws

B SOM clusters (cell types) opt. motif location mut. inf. motif name

CRCLWSMEINL ML S 5 oo camrcamiacamas.

5 0.033 C_EBPalpha, C_EBPbeta, Cebpa
3'UTR 0.012 miR-47*, miR-46*, miR-80 ...

3'UTR 0.011 miR-54, miR-56, miR-55 ...
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Understanding Global Expression Patterns
= fml

Sequence motifs over- or underrepresented in SOM clusters
= putative regulatory elements

Example: Motif related to vertebrate transcription factor (C/EBPalpha)

o o™ @
- -

Cc9

- N M T o N @
o 0o 0o o 0o O O 0O

i — ]

TNOTWODOMN~OD
under-representation i 1 | over-representation
-20 20

Next steps:

o cis-regulatory modules for predicting gene expression [schultheiss et al., 2000]
o Analyse sub-genic features (exons/introns/UTRs) [Eichner et al., 2011]
o Higher genomic resolution by RNA-seq (in prep.)

o Higher temporal & spatial resolution by single cell analysis

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression MSKCC, New York City 18


http://www.fml.mpg.de

Digestion

We can = fml
o reconstruct RNAs from experimental data (arrays/RNA-seq) and
o predict RNA transcripts from sequence and other cis information.
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Digestion

We can

fml

o reconstruct RNAs from experimental data (arrays/RNA-seq) and
o predict RNA transcripts from sequence and other cis information.
Limitations:

o Have incomplete annotations, imperfect inference algorithms.
o Ignore trans-effects,

Need:

f(DNA, 1Ci$/trans1 2 cfs/trans) — RNA
F(RNA, 4, 5) = protein
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Digestion
We can

o reconstruct RNAs from experimental data (arrays/RNA-seq) and
o predict RNA transcripts from sequence and other cis information.

Limitations:
o Have incomplete annotations, imperfect inference algorithms.
o Ignore trans-effects, dynamics, spatial information.

Need:

f( D N A ! cis/trans1 c«s/trans) — R N A
F(RNA, 4, 5) = protein
f'(DNA, cis/trans?1 c/s/trans) — d RNA/d t
F'(RNA, 4, 5) = dprotein/dt

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression MSKCC, New York City 19
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Approaches to Understand Molecular Pathways
= fml

“Interesting” Cell types & Enwronment Natural
mutants development variation

Identify molecular [ Identlfy & associate ) LAssociate with )

phenotypes molecular phenotypes genetic variation

Characterize Characterize Characterize
molecular molecular molecular
pathways pathways pathways

o CBP20/80 o A. thaliana tissue atlas o A. thaliana genome
[Laubinger et al., 2008] [Laubinger et al., 2008] variation [Clark et al., 2007a]
o sRNA biogenesis (dcl1-4) o A. thaliana stress response o O. sativa genome
[Laubinger et al., 2010] [Zeller et al., 2009] variation [McNally et al., 2009]
o NMD [w/ A.Wachter] o C. elegans tissue/development atlas o A. thaliana transcriptome
o Exosome [w/ E. Conti] [Gerstein et al., 2010, Spencer et al., 2011] variation [w/ R. Mott & R. Clark]
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Multiple reference genomes and transcriptomes for A. thaliana
G. Xiangchao, et al., G. Ratsch, R. Mott, Nature (August 28, 2011)

Arabidopsis distribution
- Accession collected

Gunnar Ritsch (FML, Tiibingen)

A spatial and temporal map of C. elegans gene expression

@ 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 Tiibingen
Reannotation & transcriptome analysis
O. Stegle, J. Behr, P. Drewe, A.
Kahles, R. Bohnert, G. Jean, S. J.
Schultheiss, G. Ratsch

University of Bath (P. Kover),
Kansas State University (K. L.
Hildebrand, C. Toomajian), EBI (P.
Derwent, P. Kersey), The Sainsbury
Laboratory (E. Kemen)
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18 +1 reference genomes and transcriptomes for A. thaliana

Multiparent Advanced Generation Inter-Cross (MAGIC) lines

TR f—
U

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression

MSKCC, New York City 22


http://www.fml.mpg.de

18 +1 reference genomes and transcriptomes for A. thaliana

Multiparent Advanced Generation Inter-Cross (MAGIC) lines

TR f—
U

] I
| TR

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression
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18 +1 reference genomes and transcriptomes for A. thaliana
Multiparent Advanced Generation Inter-Cross (MAGIC) lines

II " " " o Eventually 1200 lines
i ™ - e
founders

] I
| TR

Tl
| EEEE i EEEE
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18 +1 reference genomes and transcriptomes for A. thaliana
Multiparent Advanced Generation Inter-Cross (MAGIC) lines

Il Il Il | o Eventually 1200 lines
HH H H” nfounder o Imputation of magic lines
HH genomes based on
founders
HI IH ”I n (n-1) o Powerful QTL mapping
" IH F1 population

Tl
| EEEE i EEEE
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18 +1 reference genomes and transcriptomes for A. thaliana
Multiparent Advanced Generation Inter-Cross (MAGIC) lines

o Eventually 1200 lines

n founders . ..
o Imputation of magic lines
1g:genocznes based on
ounders
HI IH HI n (n-1) o Powerful QTL mapping
" IH F1 population
‘ EE This work: Genome and
EE EE EE selfing transcriptome analysis of the
EE EE ii MAGIC lines founders
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Outline

Genome

Transcriptome
sequencing

) Quantitaitve mRNA

sequencing variation

Genome

‘ Genome
reconstruction reannotation

Qualitative proteome
variation
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Outline

Genome

Transcriptome ) Quantitaitve mRNA
sequencing sequencing

variation
Genome ) Genome
reconstruction reannotation

S

Qualitative proteome
variation
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Sequencing 18 Arabidopsis genomes

Reference Genome
-

) ) = s
_
: T ' cm

) : ‘» 1

Aligned — ; = Lt :
Genomic | ~— ‘] !
. - J ]

Sequencing | % P
Reads : J ——
] —
7 =i ) S
i 1 : I ——
L ! ——

o ~40x coverage with illumina paired end reads
o Multiple insert sizes (200 & 400 bp, read lengths 32-51bp)
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Sequencing 18 Arabidopsis genomes

L L r ]

Reference Genome
-

LLLLL

Aligned —
Genomic

Sequencing 7 ]

Reads — 2 j —

NI

|

~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

© 0 0 o
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Sequencing 18 Arabidopsis genomes

|--IIIIIII-IIIII

Reference Genome

Aligned
Genomic | 3
Sequencing E— =
Reads

~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
Extensive genomic variation (3Mbp SNPs, 15Mbp indels)

© 06 06 06 o
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Sequencing 18 Arabidopsis genomes

Coverage Profile I----.-..----.II

Reference Genome QUBER 0 11RO SO O T AR O T AT
|}
Aligned ' ! =
Genomic | :
Sequencing >
Reads ~ 1
- 71 : -~
i ) } I 1

~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
Extensive genomic variation (3Mbp SNPs, 15Mbp indels)

= < 1 error / 10kb = good enough for genome reannotations

© 06 06 06 o
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Outline

Genome Transcriptome Qu.anFitaitve mRNA
sequencing sequencing variation

Genome Genome

reconstruction

reannotation

Qualitative proteome
variation
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Transcriptome Sequencing

RNA-seq (lllumina, 76bp) of founder accessions:
o Strand-specific, 50 million reads per strain

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

chrs
9360k 9361k 9362« 9383k 9364k 9365k 9386k 96Tk oAbk 938

Gene Models —

CcoL-0
o Validation of genome

sequence

BUR-0

CT-1

FlEF 1

]

]
-y

1
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Transcriptome Sequencing

RNA-seq (lllumina, 76bp) of founder accessions:
o Strand-specific, 50 million reads per strain

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

AT1G64970
L __— — M K R
Haplot I CTG . ATCARLCRCE ) i
aplotype CEG ttag... aaaagRTGAAG] iG ° Va||dat|on O'F genome
Haplotype Il CTGgttag..... aaaatgatgaagAGG sequence
Col-0 (Haplotype I) = === (19) - = =~ (reads)
Ler-0 (Haplotype Il) - — = = - - (15) - = -- o Genome
Po-0 (heterozygous) pliplplulelr i il kel reannotation
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Founder Genome Reannotation

Reference
Annotation

) (B | ) [E2E

o Training on col-0 reference

o Strain-specific predictions, accounting for strain
coordinate system
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Founder Genome Reannotation

Reference
Annotation

x 19 strains

B

R || 225 | Cormnn) | S|

o Training on col-0 reference

o Strain-specific predictions, accounting for strain
coordinate system
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Founder Genome Reannotation

Reference
Annotation

Accession
Genomes

x 19 strains

Accession
RNA-seq

~
> {(noeneres |+ Jeii

-

Accession
Annotation

©

©

©

©

Gunnar Ritsch (FML, Tiibingen)

Training on col-0 reference

Strain-specific predictions, accounting for strain

coordinate system

> 8,000 genes with new transcript annotations

Per accession: ~ 1,500 new transcripts, ~ 650
new introns, =~ 500 new TIS/STOP sites

A spatial and temporal map of C. elegans gene expression
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Outline

Genome
sequencing

N

Genome
reconstruction

Gunnar Ritsch (FML, Tiibingen)

A spatial and temporal map of C. elegans gene expression

Transcriptome Quantitaitve mRNA
sequencing variation

Genome

reannotation

Qualitative proteome
variation
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Amino acid variability

Large effects changes

Category n Mean pair AA-distance
Coding gene 27,203 [N~ |
Pseudogene 909 | |
A. lyrata 27,203 |l |
Disruption n

Any 2,446 I [
Multiple 538 D [ ]

Splice site (CDS) 167 [N [ ]
Translation stop 133 [N | |
Translation start o% I | |
Premature stop 341 B | ]
Frame shift 1,169 [l | ]
RN

Fraction = O 0.5 1

% AA changes
1.2 3 4 5 1020 30 40 50100
— -
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Amino acid variability

Large effects changes

Category n Mean pair AA-distance

Coding gene 27,203 [ NNNNEEIEIIIN |
Pseudogene 909 |

A. lyrata 27,203 [l ||
Disruption n AT1G64970
Any 2,446 [ N ] Haplotype |
Multiple 538 - - Haplotype Il
| Splice site (CDS) 167 __.__l Col-0 (Haplotype 1)
Translation stop 133 [N Ler-0 (Haplotype Il)

Translation start o% I -

Premature stop 341 1 - s

Frame shift 1,169 : [ ]
Co

T
Fraction = O 0.5 1

Po-0 (heterozygous)

% AA changes
1234 51020 30 4050100
I . .
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Proteome

Variation

Variability by gene family

Category / gene family

Pseudogene
New gene
Coding gene

Defensin-like

F-box

Type Il MADS box TF
MYBTF

Cytochrome P450

bZIP TF

bHLH TF

Receptor-like kinase
TIR-NB-LRR (TNL)
CC-NB-LRR (CNL)
Primary pumps ATPase
Eukaryotic initiation factor
Cytoplasmic ribosomal
Kinesin

Fraction =

Gunnar Ritsch (FML, Tiibingen)

Isoform distance

nlt ot
924 NN
447 ND

27,416 I

284 I

651 I

42 I———
142 I
211 —

151
557 I———
78 -
47—
79—
93 I
232 I——
56—

LI O R A
0 02 04 06 08

Distance
M 0-1% >20-50%
M > 1-5% [l >50-80%
>5-10% Il > 80-100%
>10-20%

|
1
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Gene expression variability

diff. expression
Category / gene family n il Q %19'000 genes W|th
Pseudogene 924 . d t t bl .
New gene 447 |
Coding gene 27,416 I électable eXpreSS|on
- o 9,360 differentially
F-box 651 I
Type Il MADS box TF 42 | - |
MYBTF 142 I eXpressed genes
Cytochrome P450 211 [ ] H
bZIP TF 74 I @ 1’712 Wlth
bHLHTF 151 I
Receptor-like kinase 587 | fOId_Change Z 10
TIR-NB-LRR (TNL) 78 | H
CC-NB-LRR (CNL) 47 S o 308 with
Primary pumps ATPase 79 I
Eukaryotic initiation factor 93 | fOId'Cha nge Z 50
Cytoplasmic ribosomal 232 I
Kinesin 58 I —
[ O e e e B B
Fraction = 0O 02 04 06 08 1
Expression
Il Differentially expressed
I Expressed

Not expressed
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Gene expression variability

Isoform distance diff. expression .
. o ~19,000 genes with
Category / gene family L T T T A T O T O A A B O B ! g ]
Psaudogene 924 M u | — detectable expression
New gene 447 |
! 27,416 I I : .
Coding gene 27,416 o 9,360 differentially
Defensin-like 284 I [ L]
F-box 651 N || — expressed genes
Type IMADS box TF 42 NS I
MYBTF 142 I | | IS o 1712 with
Cytochrome P450 211 I | !
bZIPTF 74 EEEEEEEEEEE | I _
PHLHTF 151 I fold Change > 10
.| i .
TIR-NB-LRR (TNL) 78 | E—— | o 308 with
CC:NB-LRR (CNL) 47 [ |
Primary pumps ATPase 79 N — f0|d-Change > 50
Eukaryotic initiation factor 93 NG I
Cytoplasmic ribosomal 232 [
Kinesin 58 I | I
L e L A A A B B |
Fracton= 0 02 04 06 08 1|0 02 04 06 08 1
Distance Expression
W 0-1% >20-50% i i
B> 5% B = 50.80% : Elﬂerentlzllyexpressed
>5-10% Il > 80-100% xpresse

>10-20% Not expressed

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression MSKCC, New York City 32


http://www.fml.mpg.de

Gene expression variability

Isoform distance diff. expression
Category / gene family LI T T T T A I T R A R B R O B |
Pseudogene 924 NN H | .
New gene 447 ND E—
Coding gene 27,416 NN I
Defensin-like 284 I [ ]
F-box 651 I | | I
Type Il MADS box TF 42 I I
MYBTF 142 I | | EE—
Cytochrome P450 211 NN | | —
bZIP TF 74 I |
bHLHTF 151 I I
- |j| i
TIR-NB-LRR (TNL) 78 . |
CC:NB-LRR(CNL) 47 WSS, -
Primary pumps ATPase 79 I I
Eukaryotic initiation factor 93 I I
Cytoplasmic ribosomal 232 I |
Kinesin 58 I I
[ T T T A T I O S A T O A I R I
Fracton= 0 02 04 06 08 1|0 02 04 06 08 1
Distance Expression
I 0-1% >20-50% Il Differentially expressed
B >1-5% I >50-80% i R
>5-10% Il > 80-100% xpresse

>10-20% Not expressed

Gunnar Ritsch (FML, Tiibingen)

A spatial and temporal map of C. elegans gene expression

©

~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
Causes of differential
expression?
o Structural: large
indels, gene models
o CNVs
o cis/trans-effects
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Gene expression variability
Mappable cis eQTLs

o.
B Associations (741)
— Gene length
<
=l
o £
3 ks)
2 °
3 2
3 I3
> )
3 -
o o
2z
3
2
5
o
300 200 100 0 100 200 300

Position relative to gene start (kb)
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Gene expression variability
Mappable cis eQTLs

Gene :
Associations (365)

start !
éssocwauons (741) ) Upstream == Introns
020 ene length 0.25] =3 5 UTR == 3'UTR

= CDS exons =3 Downstream

=
=2
> 5 2 020
2 o <
c o o
E 5 2 015
=
g .g’ E Intron 1
+ 2 0.10]
8 0.05 Last exon
300 200  -10.0 0 100 200 300 600 bp -100 bp +100bp +600 bp
Position relative to gene start (kb) Position relative to gene structure
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Gene expression variability
Mappable cis eQTLs

Gene : 1 Gene
o. - - 0.30F Srt Associations (365) ! stop
B Associations (741) = Upstream  mmm Introns :
. Gene length 0.25 = 5UTR == 3 UTR H
'51 Em CDS exons =1 Downstream E
- S & 020 H
2 o015 © 5 :
§ 2 S o1 H
3 53 g 015 :
2 010 5 i :
w > 0.10 :
£ H
§
0.05, [a} 0.05

300 200  -10.0 0 100 200 X -600bp 100 bp +100 bp +600 bp
Position relative to gene start (kb) Position relative to gene structure

Other

Other
Structural

CIS eQTLs
CNV
Structural

total: 9360

cN CIS eQTLs

(FC>50):308
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MAGIC Lines & Association Studies

Multiparent Advanced Generation Inter-Cross (MAGIC) lines

Complete Generations of 5-6 selfing E E
diallele intermating generations
I| I| I| I| €ross n(n—1) n(n-1)
_—n = cutcrossed T
|:|H HH |”] HH families EE
n founders E E i E
o Currently 500 available MAGIC lines [w/ Richard Mott]
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MAGIC Lines & Association Studies

Multiparent Advanced Generation Inter-Cross (MAGIC) lines

I | I | Complete Generations of 5-6 selfing E E
diallele intermating generations
i ;(”4) I ztl?r;rgssed — E E E E
|:|H HH |”] families EE EE
n founders HH E E i E
o Currently 500 available MAGIC lines [w/ Richard Mott]
o =200 natural strains with RNA-seq [w/ Magnus Nordborg]
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MAGIC Lines & Association Studies

Multiparent Advanced Generation Inter-Cross (MAGIC) lines

Complete Generations of 5-6 selfing
diallele intermating generations
cross

n(n-1)

n(n—1)
A outcrossed

i

n founders

o Currently 500 available MAGIC lines [w/ Richard Mott]
o =200 natural strains with RNA-seq [w/ Magnus Nordborg]
Goals:

o Associate molecular phenotypes with genotypic variation
o Identify trans-factors: 1 ..., 2 .ons
o Extend models: f(DNA, 1 . nes 2 cojerans) = RNA
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Summary and Outlook

Observe qualitative and quantitative transcriptome variation
o during development,
o under different external conditions
o with different genotypes
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Summary and Outlook

Observe qualitative and quantitative transcriptome variation
o during development,
o under different external conditions
o with different genotypes

Extract cues by associating transcriptome variation with
o expression of factors

o genotypes/polymorphisms

Gunnar Ritsch (FML, Tiibingen) A spatial and temporal map of C. elegans gene expression MSKCC, New York City 35


http://www.fml.mpg.de

Summary and Outlook

Observe qualitative and quantitative transcriptome variation
o during development,
o under different external conditions
o with different genotypes

Extract cues by associating transcriptome variation with
o expression of factors

o genotypes/polymorphisms

Computational Modeling
@ using yet incomplete knowledge
o candidates of trans-acting factors

o sequence information
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Observe qualitative and quantitative transcriptome variation
o during development,
o under different external conditions
o with different genotypes

Extract cues by associating transcriptome variation with
o expression of factors

o genotypes/polymorphisms

Computational Modeling
@ using yet incomplete knowledge
o candidates of trans-acting factors

o sequence information

Goal: Build a predictive system of the RNA processing system
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Thank you for attention!
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