
PRE TUTORIAL
1. DOWNLOAD DATA TO YOUR HOME DIR
Go to https://tinyurl.com/dir-upf-tutorial-3DG 

2. UNTAR DATA IN YOUR HOME DIR
>tar -xvf tutorial_3DG.tar.gz 

3. SET GEM PATH
>PATH=$PATH:/home/uXXXXX/tutorial_3DG/gem 

TUTORIAL
1. ENTER THE TUTORIAL DIR
>cd turorial_3DG 

2. QUALITY PLOTS (seconds each command)
>tadbit map results --fastq FASTQs/Control_rep4.1_10M.fastq --read 1 --index db/dm6.gem --renz DpnII --qc_plot 
>tadbit map results --fastq FASTQs/Control_rep4.2_10M.fastq --read 2 --index db/dm6.gem --renz DpnII --qc_plot 

2. MAP (~8 minutes each command, ~15 minutes all)
>tadbit map results --fastq FASTQs/Control_rep4.1_10M.fastq --read 1 --index db/dm6.gem --renz DpnII 
>tadbit map results --fastq FASTQs/Control_rep4.2_10M.fastq --read 2 --index db/dm6.gem --renz DpnII 

3. PARSE (~5 minutes)
>tadbit parse results --compress_input --genome db/dm6.fa 

4. FILTER (~4 minutes)
>tadbit filter results 

4. NORMALIZE @100Kb (~2 minutes)
>tadbit normalize results -r 100000 --min_count 100 

5. SEGMENT THE GENOME @100Kb A/B + TADs (~2 minutes)
>tadbit segment results -r 100000 -c 2L 2R 3L 3R 4 X 

6. MODEL (~20 minutes)
[PROBLEM: cPicke module not installed… we will walk through the process and see the final result] 
>model_and_analyze.py --cfg modeling.cfg 

https://tinyurl.com/dir-upf-tutorial-3DG
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Got FASTQ?



(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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Hi-C experiment 
Lieberman-Aiden, E., et al. (2009). Science, 326(5950), 289—293.



Mapping & Filtering 
Imakaev, M. V et al. (2012).  Nature Methods, 9(10), 999—1003.
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• 80-90% each end  => 60-80% intersection 

• ~1% multiple contacts 

• Many of intersecting pairs will be lost in filtering… 

• Final 40-60% of valid pairs 

• One measure of quality is the CIS/TRANS ration 
(70-80% good)

How much you normally map?
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Interaction matrices

Zooming in on genome organization.  
Zhou, X. J., & Alber, F. Nature Methods (2012)
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Interaction matrices

Experiments

Matrix analysos

TADs & A/BStructural Models

3D modeling
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Model representation and scoring
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Neighbor fragments Non-Neighbor fragments 

From 3C data to spatial distances



Parameter optimization
maxdist
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Optimization of the scoring function
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Model analysis: clustering and structural features
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