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Talk Outline fml

I Introduction of MHC

I Ingredients of our approach
I String kernel that respects physico-chemical properties
I Multitask Learning
I Fine-tuning the kernel with MKL variant

I Experiments (MHC benchmark dataset)
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Introduction

What is MHC and why does it matter? fml

MHC molecules

I Membrane-bound proteins

I Present small peptides on cell surface

T cells

I Immune system cells

I Recognize immunogenic peptides when
bound to MHC

⇒ Induce immune response

I Immunogenic peptides are of great interest in vaccine design

I MHC-binding prediction: Does a peptide bind?
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Improved string kernels

String kernels for MHC-binding prediction fml
MHC-I-binding peptides

I Bind in an extended conformation

I Side-chains interact with each other and with MHC

→ Sequential structure matters

String kernels

I Exploit sequential structure

I Weighted degree kernel: [Rätsch and Sonnenburg, 2004]

Kwd
` (x, z) =

L−d+1∑
i=1

∑̀
d=1

βd I
(
x[i :i+d ] = z[i :i+d ]

)
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Improved string kernels

Physico-chemical properties fml

[http://swift.cmbi.kun.nl/teach/ALIGN/IMAGE/AminoAcid grouping.gif]

I String kernels ignore physico-chemical properties

I Valuable information especially when data is scarce
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Improved string kernels

Incorporation of physico-chemical properties fml
I String kernels are based on `-mer comparisons

I(x = z) =: KI(x, z) =
∏̀
i=1

〈φ(xi), φ(zi)〉

I Replace φ with physico-chemical encoding ψ:

φ(xi) =


0
1
0
...
0


alanine

aspargine
cysteine

...
valine︸ ︷︷ ︸

old encoding

ψ(xi) =


0.3
0.2
0.1

...
0.8


size

polarity
hydrophobicity

...
aromaticity︸ ︷︷ ︸

new encoding
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Improved string kernels

Kernels on amino acid substrings fml

Linear

Kψ(x, z) =
∏̀
i=1

〈ψ(xi), ψ(zi)〉

Polynomial

Kψ
`,d(x, z) =

(∑̀
i=1

〈ψ(xi), ψ(zi)〉

)d

RBF

Kψ
`,σ(x, z) = exp

(
−
∑`

i=1 ‖ψ(xi)− ψ(zi)‖2

σ2

)
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Improved string kernels

Improved WD kernel fml

Plug amino acid substring kernel into WD kernel.

I Original WD kernel

Kwd
` (x, z) =

L−d+1∑
i=1

∑̀
d=1

βd I
(
x[i :i+d ] = z[i :i+d ]

)
I WD-RBF kernel

Kwd,Ψ
`,σ (x, z) =

L−d+1∑
i=1

∑̀
d=1

βdexp

(
−
∑d

j=1 ‖Ψ(xj)−Ψ(zj)‖2

σ2

)

I Sequential structure + physico-chemical properties
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Improved string kernels

A new kernel for Multitask learning fml
I Many different alleles → pool information

(a) MHC-I binding (b) Sim by pseudo-seq

I We employ a formulation proposed by Jacob and Vert [2008]:

KMT((x , s), (z , t)) = K allele(s, t) · K peptide(x , z).

I Plugging in the new kernel leads to :

KMT-WD-RBF((x , s), (z , t)) =KWD(s, t) · KWD-RBF(x , z)
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Improved string kernels

Fine tuning the kernel fml
I Not all alleles have same amount of training data

I Trade-off in-domain and out-of-domain

(a) out-of-domain (b) in-domain

KMT-WD-RBF((x , s), (z , t)) =βs,1 · KWD(s, t) · KWD-RBF(x , z) +

βs,2 · δs,t · KWD-RBF(x , z)

Idea: Use multiple kernel learning (MKL) for optimal combination
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Experiments

Improved WD kernel vs. standard WD kernel fml

I Data: IEDB benchmark (35 human alleles) [Peters et al., 2006]

I Performance Measure: auROC (5-fold cross validation)
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Experiments

Improved Multitask Learning Kernel fml

I Multitask learning greatly improves performance

I WDK-RBF improves performance

I Fine tuning kernel improves results

I Slightly improves over previous results (0.903 auROC)
[Jacob and Vert, 2008]
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Conclusion

Conclusion fml

I Combination of several orthogonal ideas
I String kernel that exploits physico-chemical properties
I Multitask Learning algorithms
I Fine tuning the kernel by MKL/Boosting

I Sum of several small improvements: Competitive results

I Kernel implementations available in SHOGUN [Sonnenburg et al., 2010]

http://www.shogun-toolbox.org
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