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Differential analysis of Hi-C matrices

3D genomics and Hi-C matrix

e Hi-C experiment: estimates 3D proximity of genomic positions by measuring in-

, , , o e Data: Hi-C matrices replicates obtained in two biological conditions.
teraction frequencies between pairs of positions.

e Objective: Identify genomic regions with significantly different interactions be-

e Result: symmetric matrix of interaction counts (Hi-C matrix). tween the two conditions.
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e Structural changes: critical and linked to neurological pathologies [1], malforma- = SRR AKX NN
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From Hi-C matrices to hierarchical Differential analysis: current methods

clustering

e One interaction — one hypothesis — one p-value.

o diffHIC [4]: one of the best available methods [5].

e Problem: interactions # regions — limited biological interpretation.

o CCHAC [3]: cluster (dis)similarity data with contiguity constraint.
e \Well suited for Hi-C data — similarity data + respects spatial structure.

e Need to find a way to “aggregate” p-values and create clusters.

e Can be used to browse the data and identify interesting clusters.

A new method for differential analysis

e Studying the impact of the hierarchy: intra-
condition variability + inter-conditions variability
— potentially very different hierarchies.

e Testing different thresholds: leads to different
(but nested) clusters identified.

e Main idea: Use a post-hoc strategy to quantify the number of true positives in a cluster using a hierarchical
representation of the data and p-values provided by diffHiC.

e STEP 1: Clustering.

1. Apply a CCHAC to the sum of all matrices — get a unique clustering.
2. Look only at the rectangles formed by interactions between two sub-clusters of the same cluster.

e Exploring the possibility of using the nested

structure of hypotheses to compute tighter post-
hoc bounds [E].

e STEP 2: Post-hoc analysis.
Post-hoc methods [6] aim at controlling the number of false positives in a set independently of how the set
has been chosen.
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— For each rectangle, compute the post-hoc upper bound on false positives using diffHiC p-values.

—Declare as significant the clusters for which the proportion of true positives in the corresponding rectangle
Is above a user-defined threshold.
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diffHIC p-values + clusters identified

e The method is data-driven and allows to detect genomic regions containing a significant amount of differential
interactions, as shown above with mouse data [7].
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