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Motivation: modular proteins

Proteins share/vary in properties like:
» Function
» Interactions/regulation
» Subcellular location

= We need to know all combinations
to understand the system

http://uww.nature . con/news/2009/090506/ inages/_tmp_articling- import-20090506091916938530_459024a-14.0. jpg
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Motivation: modular proteins

Amino acid sequence

mRNA sequence ?

pre-mRNA sequence?

Genomic DNA ?
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Problem definition
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Problem definition

Splice graph
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Previous approaches

» Scripture (Guttman et al. [2010]):
—Report all combinations
—Output files exponential in size of graph

» Cufflinks (Trapnell et al. [2010]):
—Choose among minimal graph coverages
—Strong assumption
—Not robust to errors in the graph

» NSMAP (Xia et al. [2011]):
— List and quantify all combinations,
report those with abundance > ¢
—Optimal results
—Run time exponential in size of graph
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Our model
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Our model
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Mixed integer programming (naive)

fml

min | UxW — _C |3 ,Celo,1]
Ue{0,1}7<k Welo,1]k —— ~~

expected cov.  observed cov.
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Mixed integer programming (naive)

min | UxW — C, |
Ue{0,1}7xk Welo,1] N—— ~~

expected cov.  observed cov.

How can we solve this?

© Jonas Behr Transcript Inference and Quantification Using MIP

,C e€]0,1]"

NIPS-MLCB, December, 2011

5/12



Mixed integer programming (naive)

min | UxW — C, |53 ,Ce€l0,1]"
Ue{0,1}nxk Welo,1]« N~—— ~~

expected cov.  observed cov.

How can we solve this?

Substitute:
Eij=Uy,;*W,
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Mixed integer programming (naive)

min | UxW — C, |
Ue{0,1}7xk Welo,1] N—— ~~

expected cov.  observed cov.

How can we solve this?

Substitute:
Eij=Uy,;*W,

Add constraints:
Eij < Uy

Ei; <W,—U;+1
—Ej<-W-U,;+1
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MIP
Ux W=C
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MIP fml

Ux W=~C

» Splice graph not fully connected: valid paths only
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MIP
Ux W=~C

» Splice graph not fully connected: valid paths only
» Sparsity:
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MIP

Ux W=~C

» Splice graph not fully connected: valid paths only

» Sparsity:
k
> (W > 0)
i=1
» Multiple samples
Ux W'~ Ct
Ux W° =~ C?
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Mixed integer optimizaton (simplified)

S k S
min > |Ux W* = Cl34+v) I3 W >0)
’ s=1 =1 s=1

J/

TV TV
loss sparsity

s.t. 'transcripts are valid paths
through the splice graph’
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Human genes: artificial reads

1 sample W T .
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Human genes: artificial reads
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Human genes: artificial reads
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Human genes: artificial reads
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Performace: 500 human genes

T
seperate samples
—— merged samples
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Run time
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Conclusion

Transcript inference and quantification using MIP:

» Close a gap in RNA-seq analysis which is so far filled with
heuristics/inefficient solutions
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Conclusion

Transcript inference and quantification using MIP:

» Close a gap in RNA-seq analysis which is so far filled with
heuristics/inefficient solutions

» Combine quantification and transcript recognition to resolve long
range dependencies

» Integrate various expression measurements

» Exploit variation across samples
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