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Problem Statement:

e Goal: Medical diagnosis using gene expression patterns.
e Data: Many genes - few samples - no structure.
e Approach: Use functional annotation in addition to expression data.

G0:0003673
Gene Ontoogy

> . X 60:0003674 ' 60:0005575
o Special feature: Intuitive rationale for computational results. Molecular ggigoog;fo Cellular
Funi“y.\'facgsls Component
Class Prediction - Gene Ontology (GO) - " .
Nearest Shrunken Centr01ds Structuring Biological Knowledge
[Tibshirani et al., 2002] _ ) o [GO Consortium, 2000]
e Centroids: Characteristic expression levels for N S B e Structure biological knowledge using a directed acyclic graph.
each class. ° e Defined by an international consortium consisting of ’
e Shrinkage: move centroids towards . many academic and industrial members. Go.:gﬂ:g::
ovarall centroid. 53
o Soft thresholding: covariates progressively loose e Nodes: biological terms (function, pathway...).
influence with increasing within-class variance. s i . vt e Relations: “member of” and “is a”. 60:0008026
e Shrinkage parameter A: Controls the amount of e ceniold e Several thousands of nodes and G0:0003678 ATP dependent gﬁf ﬂﬂf‘,ﬁ;
shrinkage, is fine-tuned by cross-validation. L S K convoids relations are currently registered DNA helicase licase
e Classification: New cases are attributed to the T S in the Gene Ontology.
nearest shrunken centroid. 4 ) . ) B
ot 60:0004003 0 00004004

1] StAM - Structured Analysis of Microarray Data DA esse gy
L Combining Local to Global Predictors

H u e Probe-sets are annotated to GO-nodes. Post Order

. . . . T |
- e There is a diagnostic predictor for each GO-node. raversa
e [t assigns samples according to expression similarity of genes annotated to
this node or its descendents.
e Each node predictor combines two classifiers:
one has the genes annotated to the node as inputs,
the other has the output of its children as inputs.
e All classifiers are based on the nearest shrunken centroids method.
e Bottom-up information flow: training and classification start with leaf
nodes and proceed towards the root (post-order traversal)
o o o . o
Regularization - Model Inspection - Diagnosis -
. o . o .
Thinning Out the Ontology  Pin-point Hot Spots Which Class and Why?
e Shrinkage leads to exclusion of nodes. e Dataset: 327 cases of leukemia, various translocation e The BCR-ABL group has multiple molecular
e With a parent node all its children disappear, thus the types ,hybridised on HG-U95Av2 (12625 probe-sets) characteristics.
Gene Ontology is thinned out. [Yeoh et al., 2002]. e The diagnosis of different patients is based on different
e This thinning is controlled by the shrinkage parameter A. ® 2979 GO-nodes have 7115 probe-sets annotated. charactereistics.
e [ eave-one-out Cross e Evaluation per node reveals particularly reliable e StAM allows for tracing back the evidence for diagnosis.
validation is used Nodes/Genes Remaining after Thinning Out classifiers to detect a given class.
to determine the Color-coded BCR-ABL Probabilities
appropriate amount o Figure: nodewise oot s )
of thinning. Accuracy for = .
o Thinning fights Classification of & = Ll |
overfitting. BCR-ABL gs g = - 3 E
* I L
e Figures: separate oor e e s s e 1 1 -5 =
Tieiog paramete e - | | o
BCR-ABL trans- T e e e e A
location from others Accuracy after Thinning Out oo T T T T T
TOp LlSt 0 5 10 15 20
e (G0:0003706: ligand-regulated transcription factor (97.2%) oSt BCRPABL specic GO Temms
C e o5 . o
° 88888222 amino aﬁld b“l)ségtgg/ms ©7.2%) e Figure: GO Terms are sorted according to
° . : cation channel ( L %) accuracy, best performing nodes to the left
e GO:0003674: molecular_function (96.%) (see-Top List besides). Dark colors represent
G0:0003673: Gene_Oniology (96.9%) D e N e O e
e Hb: : - gy {50. high probability for classification into BCR-
L e G0O:0004519: endonuclease (96.6%) ABL. All pati h h 1
Thinning parameter Defia ) X . . . o . patients shown here are correctly
e GO:0019932: second-messenger-mediated signaling (96.6%) classified into this group
e GO0:0005605: basement lamina (96.6% ’
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