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In the last years important advances have been done in the characterization of chromatin structure, especially due to the
development of the Chromosome Conformation Capture (3C) technology. 3C-based technologies allow generating contact
maps of a genome, at resolutions ranging from few Kb to few Mb. These technologies have revealed that chromatin is
organized into the so-called Topologically Associating Domains (TADs), regions of the genome that are enriched in interactions
[1,2]. Moreover, it has been shown that TAD localization in the genome is conserved between cell types and during evolution [2].
Here we present TADBIt, a computational package that deals with 3C-based data to detect TAD borders and to further analyze
TADs by: i) the identification of conserved TAD borders and ii) the definition of sets of TADs sharing structural features.

A Python library for analyzing Hi-C experiments

Hi-C experiments generate genomic interaction data that is usually summarized at the chromosome level. TADBIt is built around the concept of
chromosome, and uses it as a central item to compare different Hi-C experiments. The library has been designed to be used by researchers with
minimal level of expertise in computer science; the all-in-one scripts provided in TADBIt allow to run a full analysis in one single command line, while
advanced users may produce their own programs using TADBIt as a complementary tool.
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Interaction data filtering and normalization

TADBIt has implemented a series of functions that aim at filtering and
normalizing binned 3C-based data. For example, TADBIt will automatically
remove columns from a Hi-C matrix that contain a biased distribution of
Hi-C counts toward low values (e.g., centromeric columns will be
removed from the analysis). Then, with a single line of code, the Hi-C data
, matrix can be normalized according to the bin’s “visibility” [3].
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Top panel. Filtered and normalized Hi-C data for the end of Chr19 in human fibroblast and hESC interaction matrices. The data shows interaction counts merged from two CaICU IateS a Confldence Score Of the deteCUOﬂ by penal IZed dynamlC
independent replicas. TAD are detected by TADBit and shown as black boxes within the matrix. Numbers highlighted in red show internally similar TADs (see next figure). .
Bottom panel. Alignment of TAD borders detected for the two cell types (fibroblast and hESC). TAD borders are highlighted by a vertical grey line and the score of the programmlng
border. Hight of the arch is proportional to the relative internal Hi-C counts of the TAD. Highlighted arches in black indeicate TADs compared in next figure. .
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Alignment of TAD borders

Once identified, TAD borders can be aligned to characterize their
conservation between two datasets of interactions. Two algorithms are
proposed here, one based on the Needleman-Wunsch algorithm and
the other based on a reciprocal best hit approach.

Comparison of TADs

TADs can also be compared directly from their Hi-C data matrices, in a
similar fashion as how it is done for protein contact maps [4]. TADBIt
aligns TAD internal matrices by calculating their principal eigenvectors
and using a dynamic programming algorithm (Needleman-Wunsch) . R
that will produce a final alianment of the matrices. Left panel. Aljgnment of Hi-C internl nteraction i for TADS 144 and 240 or chromosome 19 i the fibroblast and hESC experiments, espectively. The compared TAD are

conserved between the two experiments with a r2 between the matrices of 0.83. Right panel. Ali of Hi-C internal ir ion matrix for TADs 148 and 261 for chromosome
19 in the fibroblast and hESC experiments, respectively. Even though a large gap needs to be introduced, the compared TAD are still conserved (r? = 0.43).

TADBiIt for the identification and comparison TADs

TADBIt introduces a set of computational tools for the identification, comparison and 3D modeling of TADs. TADBIt, as a python library, can be used
or “called” from other programs. This tool, designed to be extended with new features, represents the first framework for the analysis of TADs and
sets conventions for the representation of the results. Please, write to mmarti@pcb.ub.cat if your are interested in getting TADBI.
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