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Introduction: The sequence of a genome alone does not carry the information needed for 
understanding how genomic processes are carried out in the cell nucleus; to achieve this, the 
knowledge of its three-dimensional (3D) architecture is necessary. Advances in genomic 
technologies and the development of new methods, such those based on Chromosome 
Conformation Capture (3C) [1], have allowed getting insights at unprecedented resolution into 
how genomes are organized. Recently, it has been shown that chromatin is organized in 
Topologically Associating Domains (TADs), large interacting domains that appear to be 
conserved among different cell types. Here we describe TADBit, a pipeline for the 3D modeling 
of genomic domains; TADBit is python library that extends the Integrative Modeling Platform 
(IMP) [2] to determine the 3D architecture of genomic domains and entire genomes using 
chromosome conformation capture data [3].

Hi-C matrices can be segmented into TADs
TADBit normalizes the Hi-C raw interactions by correcting local biases derived by 
G+C content, availability of the restriction enzyme site and repeat coverage, 
which could affect the read count of a bin. The normalization procedure is based 
on the hiclib (https://bitbucket.org/mirnylab/hiclib) software [5]. Once the data 
have been normalized, TADBit analyzes the contact distribution along the 
genome and subsequently segments it into its constitutive TADs. The user will 
select TADs from the list generated by TADBit; along with the normalized 
interaction data for the selected TADs, TADBit will generate a heat-map plot of 
the region for a quick visual inspection of the input data.

Modeling the 3D structure of selected TADs
Each modeled TAD is represented by a set of particles, one per experimental (Hi-
C) bin. Each particle has a radius proportional to the number of bases in the bin. 
TADBit determines the 3D structure of a TAD by translating the interaction matrix 
into spatial restraints between each particle and by building an ensemble of 
structures that satisfies the imposed restraints. Additionally, TADBit implement 
many diverse sets of functions for analyzing the resulting 3D models.

Summary:  TADBit, a new computational python library, has been developed to build 3D models of genomic domains and genomes using 3C-based 
interaction matrices. Additionally, TADBit has several functions that allow the user to easily select parts of the interaction matrix (such as TADs) and to 
model and analyze their structures. Please, write to mmarti@pcb.ub.cat if your are interested in getting TADBit.

3C-based interaction matrices
TADBit has been designed to work with binned interaction 
matrices from 3C-based experiments such as Hi-C data [4]. The 
Hi-C technique allows to investigate the proximity of loci located 
on the same or different chromosomes. Hi-C experimental data 
result in interaction counts between pairs of loci from the 
genomic region of interest (i.e., the quantitative determination of 
the number of times each specific experimental ligation product 
is sequenced).
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Data functions:
- Data cleaning
- Data normalization
- TAD identification
- TAD comparison 
- TAD clustering

3D modeling:
- IMP optimization
- 3D modeling

3D analysis:
- Clustering of models
- Density plots
- Distance/angle plots
- Hi-C correlation
- etc...

>> more information at http://marciuslab.org <<
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(12, 13). Interestingly, chromosome 18, which is
small but gene-poor, does not interact frequently
with the other small chromosomes; this agrees
with FISH studies showing that chromosome 18
tends to be located near the nuclear periphery (14).

We then zoomed in on individual chromo-
somes to explore whether there are chromosom-
al regions that preferentially associate with each
other. Because sequence proximity strongly in-
fluences contact probability, we defined a normal-

ized contact matrixM* by dividing each entry in
the contact matrix by the genome-wide average
contact probability for loci at that genomic dis-
tance (10). The normalized matrix shows many
large blocks of enriched and depleted interactions,
generating a plaid pattern (Fig. 3B). If two loci
(here 1-Mb regions) are nearby in space, we
reasoned that they will share neighbors and have
correlated interaction profiles. We therefore de-
fined a correlation matrix C in which cij is the

Pearson correlation between the ith row and jth
column of M*. This process dramatically sharp-
ened the plaid pattern (Fig. 3C); 71% of the result-
ing matrix entries represent statistically significant
correlations (P ! 0.05).

The plaid pattern suggests that each chromo-
some can be decomposed into two sets of loci
(arbitrarily labeled A and B) such that contacts
within each set are enriched and contacts between
sets are depleted.We partitioned each chromosome

Fig. 1. Overview of Hi-C. (A)
Cells are cross-linked with form-
aldehyde, resulting in covalent
links between spatially adjacent
chromatin segments (DNA frag-
ments shown in dark blue, red;
proteins, which canmediate such
interactions, are shown in light
blue and cyan). Chromatin is
digested with a restriction en-
zyme (here, HindIII; restriction
site marked by dashed line; see
inset), and the resulting sticky
ends are filled in with nucle-
otides, one of which is bio-
tinylated (purple dot). Ligation
is performed under extremely
dilute conditions to create chi-
meric molecules; the HindIII
site is lost and an NheI site is
created (inset). DNA is purified
and sheared. Biotinylated junc-
tions are isolated with strep-
tavidin beads and identified by
paired-end sequencing. (B) Hi-C
produces a genome-wide con-
tactmatrix. The submatrix shown
here corresponds to intrachro-
mosomal interactions on chromo-
some 14. (Chromosome 14 is
acrocentric; the short arm is
not shown.) Each pixel represents all interactions between a 1-Mb locus and another 1-Mb locus; intensity corresponds to the total number of reads (0 to 50). Tick
marks appear every 10 Mb. (C and D) We compared the original experiment with results from a biological repeat using the same restriction enzyme [(C), range
from 0 to 50 reads] and with results using a different restriction enzyme [(D), NcoI, range from 0 to 100 reads].
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Fig. 2. The presence and orga-
nization of chromosome territo-
ries. (A) Probability of contact
decreases as a function of ge-
nomic distance on chromosome 1,
eventually reaching a plateau at
~90 Mb (blue). The level of in-
terchromosomal contact (black
dashes) differs for different pairs
of chromosomes; loci on chromo-
some 1 are most likely to inter-
act with loci on chromosome 10
(green dashes) and least likely
to interact with loci on chromo-
some 21 (red dashes). Interchro-
mosomal interactions are depleted
relative to intrachromosomal in-
teractions. (B) Observed/expected
number of interchromosomal con-
tacts between all pairs of chromosomes. Red indicates enrichment, and blue indicates depletion (range from 0.5 to 2). Small, gene-rich chromosomes tend to interact
more with one another, suggesting that they cluster together in the nucleus.
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