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It is a platform to visualize and analyze the contact maps that are generated from Hi-C experiments. This package is
developed by considering the huge size of contact maps at very fine resolution. It contains

* Graphical User Interface Applications - Several windows like applications to perform tasks.
¢ Command Line Interface - Several commands to perform tasks.

— Commands to import Hi-C data

— Commands to convert bigWig/wig/bed to h5

— Commands to normalize Hi-C map

* Application Programming Interface - It can be used to perform analysis by any mathematical operations through
programming.

For Discussion and Questions, visit this forum

Contents 1


http://gcmapexplorer.readthedocs.io/en/latest/apidoc/summary.html
https://groups.google.com/forum/#!forum/gcmapexplorer
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CHAPTER 1

Features

Support for huge contact maps - Use of Disk instead of RAM - Matrices/arrays are stored in Disks - mathe-
matical operations by directly reading/writing from/to Disks, without loading them into RAM

A browser with rich interfaces for Comparative and Interactive visualization of two dimensional contact
maps along with genomic datasets such as produced by DNase-seq, ChIP-seq, RNA-seq etc.

Contact maps can be zoomed in/out from finest resolution to whole chromosome level.
Rich customizations of color scale for contact maps visualization
Rich customizations of X- and Y- axis properties.
Normalization of contact maps by
— Iterative Correction (IC)
— Khnight-Ruiz Matrix Balancing (KR)
— Distance-Frequency
A new file format based on HDF5 for genome contact map and genomic track datasets.

— Portable, platform independent and can be read through C/C++, JAVA, Python and R programming
language.

— Very fast to read - fast browsing of contact maps and genomic datasets

Another file format for chormosomal contact map - much faster than above format to read/write but not compact.
Suitable for performing calculations.

A GUI interface and commands to convert Coordinate Sparse, Pair Coordinate Sparse, HOMER Interaction
matrix, Bin-Contact formats into the new gcmap and ccmap formats.

Interface and commands to convert bigWig/wig/bed file to genomic track dataset h5 file.
Interface and commands for contact map Normalizations.

Publication ready images at one click.



http://gcmapexplorer.readthedocs.io/en/latest/mapBrowser.html
http://gcmapexplorer.readthedocs.io/en/latest/cmapNormalization.html
http://gcmapexplorer.readthedocs.io/en/latest/about_gcmap_file.html
http://gcmapexplorer.readthedocs.io/en/latest/about_h5_file.html
http://gcmapexplorer.readthedocs.io/en/latest/about_ccmap_file.html
http://gcmapexplorer.readthedocs.io/en/latest/about_gcmap_file.html#convert-hi-c-data-to-gcmap
http://gcmapexplorer.readthedocs.io/en/latest/about_h5_file.html#convert-bigwig-wig-bed-to-genomic-track-h5-file
http://gcmapexplorer.readthedocs.io/en/latest/cmapNormalization.html
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CHAPTER 2

Screen-shots

Genome Contact Map Browser
File Edit Analysis
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Fig. 2.1: Genome Contact Map browser
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Axis Properties

X Label = YLlabel | XTicks Labels | ¥ Ticks Labels

Label Proerties:

Show Tick Labels: | No -
Rotation (Deg.): 0 -
Font: Bitstream Vera Sans -
Font Size 12 -
Padding: 4.00 =

Ticks Properties:
Tick Intervals: 8
Show Ticks: At Both Side -
Major Ticks Length: |4.0
Major Ticks Width: |0.5
Show Minor Ticks: | No -
Minor Ticks Length:

Minor Ticks Width:

oK Cancel Apply

Fig. 2.2: Axis Properties interface in Browser

Import Data for Genome Contact Map Explorer (=] 4
Input Formats: | COO Matrix - 7

Input Compressed File: =
Input File X-Label Y-Label =

Add from File

1

= Add File

Add Row

Remove Row

Map Type: |intra -~ Coordinate: |real ~ | Resolution:

| Save as CCMAP files

File Name Suffix: Output Directory: =

¥| Save as GCMAP file

Output File: = | Compression: |LZF  ~ | Downsample by: | Sum -
Scratch Directory: |fhome/rajendra/deskForWork/scratch =
M stop P Run
Output Log: Clear

Fig. 2.3: gcmap Importer Interface
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convert bigWig/wig/bed to h5

File:
Format: | bed ~ | Chromosome: Title: | Genomic Dataset
Additional Resolutions: Keep Original

Downsampling methods:

¥| Arithmatic Mean ¥| Harmonic Mean v| Geometric Mean

¥ Maximum | Minimum ¥| Median
Scratch Directory: =
h5 File: | Compression: |LZF =

Data Column: |7 |5

7 Convert Close

Log Output: Clear

Fig. 2.4: genomic track dataset converter Interface

Normalizer
Method: | Knight-Ruiz Matrix Balancing - 7
Input:
File: = | Format: None -
Options specfic to method:
Tolerance: le-12 Map Size Ceiling for Memory: Memoey: RAM -

Options
Percentile Thershold for Missing Data:

Fraction Thershold for Data Occupancy:

Scratch Directory /home/rajendra/deskForWork/scratch =
Output
File: = Format: None -

Compression in gcmap: | LZF  ~

M stop P start

Log Qutput: Clear

Fig. 2.5: Contact map normalization Interface
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Requirements

gcMapExplorer is written in Python3, therefore, it requires Python3 for installation. It also requires several external
Python packages.

Package Required during installation: It has to be installed before gcMapExplorer installation.

Package required after installation: These packages are installed automatically during gcMapExplorer installation.

Package required to install manually:

- It needs to be installed manually. In case of Python-3.5, it can be installed automatically from PyPI.

Installation Steps on Linux

1.

Python3 is available through package managers such as yum (Fedora, CentOs), YaST (OpenSuse) and apt-
get (Ubuntu, Linux Mint). For example on ubuntu: run sudo apt-get install python3 command to
install Python3.

Install Cython by pip3 install Cython command.

Similar to Python3, PyQt5 is available through package managers. For example on ubuntu: run sudo
apt—-get install python3-pygt5 command to install Python3.

Install gcMapExplorer by pip3 install gcMapExplorer command.

Installation Steps on MacOS

1.

Python3 is available through package manager. After installing Homebrew, run brew install python3
command to install Python3.

Install Cython by pip3 install Cython command.

Similar to Python3, PyQt5 is available through . Run brew install pyqt5 —--with-python3 com-
mand to install pyqt5.

Install gcMapExplorer by pip3 install gcMapExplorer command.

Chapter 2. Screen-shots
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Installation Steps on Windows OS

1. Download and install . Note that WinPython should include PyQtS5.

2. Open WinPython directory (Default is in C:/ drive) and click on “WinPython Command Prompt”. It will
open a command prompt terminal.

3. Runpip3 install gcMapExplorer in command prompt terminal to install gcMapExplorer

Note: To execute gcMapExplorer command, simple command prompt terminal (from Start Menu) might not work.
Use “WinPython Command Prompt” present in WinPython directory to launch or execute gcMapExplorer.

How to use gcMapExplorer?

Several interfaces are available as following.
* Graphical User Interface Applications - Several windows like applications to perform tasks.
¢ Command Line Interface - Several commands to perform tasks.
— Commands to import Hi-C data
— Commands to convert bigWig/wig/bed to h5
— Commands to normalize Hi-C map

» Application Programming Interface - It can be used to perform analysis by any mathematical operations through
programming.

Usage

Run gcMapExplorer command on terminal to get list of all sub-commands.

Following sub-commands are available:

Table 2.1: Graphical User Interface Applications

Command Function

browser Interactive Browser for genomic contact maps
cmaplImporter Interface to import contact maps and datasets
cmapNormalizer | Interface to normalize contact maps

h5Converter Interface to convert bigWig/wig/bed file to hS file

Table 2.2: Commands to import Hi-C data

Command Function

coo2cmap Import COO sparse matrix format to ccmap or gcmap
pairCoo2cmap | Import map from files similar to paired COO format
homer2cmap Import HOMER Hi-C interaction matrix to ccmap or gcmap
bc2cmap Import Bin-Contact format files to ccmap or gcmap

2.1. Contents 9


http://gcmapexplorer.readthedocs.io/en/latest/apidoc/summary.html
http://gcmapexplorer.readthedocs.io/en/latest/mapBrowser.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/cmapImporter.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/cmapNormalizer.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/h5Converter.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/coo2cmap.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/pairCoo2cmap.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/homer2cmap.html
http://gcmapexplorer.readthedocs.io/en/latest/commands/bc2cmap.html
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Table 2.3: Commands to convert bigWig/wig/bed to hS

Command | Function

bigwig2h5 | Convert a bigWig file to HDF5 format hS file
wig2h5 Convert a wig file to HDF5 format hS file
bed2h5 Convert a bed file to HDFS5 format hS file

Table 2.4: Commands to normalize Hi-C map

Command | Function

normKR Normalization using Knight-Ruiz matrix balancing
normIC Normalization using Iterative Correction
normMCEFS | Scale maps using Median/Mean Contact Frequency

Table 2.5: Commands for Analysis

Command Function
corrBWcmaps | Calculate correlation between contact maps

Command help

Run gcMapExplorer <sub-commands> —h command.
For example:
* gcMapExplorer normKR -h

* gcMapExplorer coo2cmap —-h

Genome contact map browser

It is an application to browse genome contact maps along with respective genomic track datasets. It acts as an interac-
tive visualizer, where user can browse the data by dragging and zooming.

To launch browser, execute following command:

gcMapExplorer browser

—

Click on arrow to move the maps in respective directions. The genomic datasets also follow automatically.
Click on these buttons to zoom in and out. The genomic datasets also follow automatically.

Use this to go to on specific coordinate. Input can be real or indexed coordinate.

Change width-spacing between plots.

List of all plots. Active plot is selected. One can select a plot to make it active.

Reset all maps to original view.

Display information of current resolution and unit shown in plots.

Name of contact map. Usually chromosome name.

© ® N kLN

Various options. Presently shown for color mapping and scaling of maps. It can be used to modify colormaps,
color scaling range and color scaling type.
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File Edit Analysis
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Fig. 2.6: Genome Contact Map browser
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Add a genomic track dataset

Click on File -> Add genomic dataset to ... and select the contact map for which new dataset is need
to be added. A new window will appear where user may select a compaitable file by clicking on Open button.
Afterwards, different box will appear depending on the input file format.

* hS5 file: User is prompted to select the dataset.

Select Genome Dataset (R
Ttile: Mot Available
Select Genome Dataset:
Chromosome: Resolution: Data Name:
chrl - 1kb Arithmatic Mean
chr2 2kb Geometric Mean
chr3 4kb Harmonic Mean
chrad 5kb Maximum
chrs 8kb Median
chré Minimum
chr? 20kb
chrg 40kb
chro — aokb "
chrlo 100khb
160k
chrlz 200kb
chrl3 320kb
chrld 500kb
chrls 640kb
chrlé 1mb
chrl? -
Plot at: | Bottom ~ | Open Abort

Fig. 2.7: Select genomic track dataset

By default, the gemoic track is added at the bottom of map. However, one can select t op in the above dialog
box to plot the track at the top of the contact map.

* bigWig/wig/bed file : Since, only hS5 files are compatible with browser, a window will appear as similar to
h5Converter to convert these files to h5 on the fly. By default, the generated h5 file will be deleted after use
because Remove is checked. To save the generated hS file, uncheck Remove option and change location of
output file.

Once dataset is converted, user is prompted to select the dataset as shown above for h5 input file.

To reduce the waiting time for conversion process, only dataset for the required chromosome is converted.
When later another chromosome is selected in browser, hSConverter will again appear and dataset will be
again converted for the selected chromosome. Once dataset for a chromosome is converted, it remains stored in
the h5 file. Therefore, when this chromosome is re-selected in browser, no conversion is required and dataset
is plotted in browser instantly.

12 Chapter 2. Screen-shots
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Note: The options in h5Converter are only editable at first time. Later when another chromosome is selected
in browser, this box will again appear, however, options will not be editable.

Change page size and orientation

Clickon Edit ->Change Page Size and selectdesired page size. In case of custom page size, click on Custom.
A dialog will open, where user can specify new page size.

Change page size e O
Page Size Width Height
8.5 X 11
=
Orientation Portrait
oK Cancel

Fig. 2.8: Change Page Size Dialog

Save as image

Click on File -> Save Plot, choose file name with acceptable extension and click on Save button to save the
plot as image file.

Change Genomic track plot setting

Select a Genomic Dataset Y-Scaling optionin Settings atright panel. Below several options will appear.
These include color, line width, maximum and minimum limit along Y-axis.

Change marker setting

Select a Marker option in Settings at right panel. Below options will appear to modify the marker settings.

User defined colormap

Although several colormap is already included in the browser. One may generate own colormap and later modify it
using the implmented option. To open this, click on Edit -> Add/Modify colormap.

This box can be used to create or modify the colormaps. The shown colormap can be saved as a text file for later use.

2.1. Contents 13
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Settings: | Genomic Dataset Y-Scaling - |
Plot Options
Color: . Line Width: | 0.90 |%|

Genomic dataset Y-scaling:

Maximum: [500 | Minimum: |0.0 ||E| |E|

1 |500.004

Fig. 2.9: Change Genomic track plot options

Settings: | Marker - |
Show Marker: | No - | .
Line Width: 0.50 ]

Fig. 2.10: Change marker settings
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Add or Modify Colormap .

Add - ¥

Colormap Name:

Preview:

0.0 0.2 0.4 0.6 0.8 1.0

Add row Value
Revome Row 1 0.000
2 0.500
3 1.000

Load

Save

OK Cancel

Fig. 2.11: Add/Modify colormap

2.1. Contents
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Modify Axis Properties

Properties of both X and Y axis are highly customizable. User may customize most of the proerties such as font,
tick-lengths, axis-labels etc. To open this box, right click on plot and choose the axis properties.

gcmap file
The gcmap file is in format to store Genome Contact Map (gcmap). It is implemented by considering both portability

and readability. A single file may contains maps of various resolutions of all chromosomes. It also contains properties,
which are attributes, of each map.

Structure of gcmap file

As format supports Hierarchical Data Model, therefore we implemented the contact maps in format way. Overall
structure format is as follows:

HDF'5

|

77777 chrl -—-- Attributes ["xlabel', 'ylabel', 'compression']

| |

| -——- 10kb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| -——— 20kb ( 2D Numpy Array ) —- Attributes ['minvalue', 'maxvalue',
—'xshape', 'yshape', 'binsize']

| -——— 40kb ( 2D Numpy Array ) -- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| -——- 60kDb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| -——— 80kb ( 2D Numpy Array ) —- Attributes ['minvalue', 'maxvalue',
< 'xshape', 'yshape', 'binsize']

| —-——— 160kb ( 2D Numpy Array ) ——- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| —-——— 320kb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| —-——— 640kb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| |

| ———— 10kb-bNoData ( 1D Numpy Array )

| ———— 20kb-bNoData ( 1D Numpy Array )

| ———— 40kb-bNoData ( 1D Numpy Array )

| ———— 60kb-bNoData ( 1D Numpy Array )

| ———— 80kb-bNoData ( 1D Numpy Array )

| —-——— 160kb-bNoData ( 1D Numpy Array )

| —-——— 320kb-bNoData ( 1D Numpy Array )

| ———— 640kb-bNoData ( 1D Numpy Array )

|

————— chr2 —--- Attributes ["xlabel', 'ylabel', 'compression']

| |

| -——— 10kb ( 2D Numpy Array ) —- Attributes ['minvalue', 'maxvalue',
—'xshape', 'yshape', 'binsize']

| —-——— 20kb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| ———— 40kb ( 2D Numpy Array ) —-- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

| -——— 60kb ( 2D Numpy Array ) —- Attributes ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']

16
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Axis Properties F] x

X Label Y Label X Ticks Labels ¥ Ticks Labels

Label Proerties:

Show Tick Labels: | No -
Rotation (Deg.): 0 -
Font: Bitstream Vera Sans -
Font Size 12 -
Padding: 4.00 -

Ticks Properties:
Tick Intervals: 8
Show Ticks: At Both Side -
Major Ticks Length: 4.0
Major Ticks Width: 0.5
Show Minor Ticks: | No -
Minor Ticks Length:

Minor Ticks Width:

OK Cancel Apply

Fig. 2.12: Axis Properties interface in Browser
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| —-——— 80kb ( 2D Numpy Array ) —- Attributes : ['minvalue', 'maxvalue',
—'xshape', 'yshape', 'binsize']
| ———— 160kb ( 2D Numpy Array ) —--— Attributes : ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']
| —-——— 320kb ( 2D Numpy Array ) —-- Attributes : ['minvalue', 'maxvalue',
— 'xshape', 'yshape', 'binsize']
| —-——— 640kb ( 2D Numpy Array ) —-- Attributes : ['minvalue', 'maxvalue',
—'xshape', 'yshape', 'binsize']
|
———— 10kb-bNoData
—-——— 20kb-bNoData
—-——— 40kb-bNoData

|

| 1D Numpy Array
|

|

| ———— 60kb-bNoData

|

|

|

|

1D Numpy Array
1D Numpy Array
1D Numpy Array
1D Numpy Array
1D Numpy Array
1D Numpy Array
1D Numpy Array

—-——— 80kb-bNoData
———— 160kb-bNoData
—-——— 320kb-bNoData
—-——— 640kb-bNoData

—_— — — — — — — —

Compression

In gemap file, contact map is stored as compressed 2D matrix. Presently, two compression method are allowed in the
gcmap file:

* GZIP

By default, is used to compress arrays. This method is very fast, and allow the rapid contact map reading. However,
the size reduction is moderate in comparison with GZIP compression method.

Warning: method is only avaiable through Python h5py module, and therefore, this file cannot be read by another
programming language through standard library. For portablity, use GZIP compression method, which is available
in standard HDFS5 library.

Portability and Readability
The gcmap file with GZIP compressed arrays can be read and write from any programming language. For
C/C++/Java, a standard HDFS5 library is available from group. For R programming language, and are available.

Both GZIP and compression reduces the file size significantly as compare to respective flat text file. Therefore, this
file is also suitable for storage and transfer.

Convert Hi-C data to gcmap
Hi-C data are available in several different formats. Presently, following formats can be converted to gcmap using
implemented tools.

* COO sparse matrix

¢ Paired COO sparse matrix

18 Chapter 2. Screen-shots
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¢ Homer Hi-C interaction matrix

* Bin-Contact pair files

Following tools are available for the conversion

coo2cmap - convert COO sparse matrix format to ccmap or gcmap

As shown below in example, in this format, first and second column is location on chromosome and third column is

the respective value:

20000000
20000000
20100000
20000000
20100000
20200000
20000000
20100000

20000000
20100000
20100000
20200000
20200000
20200000
20300000
20300000

2692.0
885.0
6493.0
15.0
52.0
2.0
18.0
40.0

NOTE that, above location is real value. However, with —idx/-—1index option, these two same column willbe
considered as index value. index should always start from zero for absoulte beginning of chromosome.e.g. for 10kb,
0-10000 should have index of zero, 10000-20000 have index of one. If this is file format,resolution should be provided

with —r/--resolution option.

Usage:

usage: gcMapExplorer coo2cmap

[-h] [-i input.txt] [—-ic input.tar.gz]

[-mt intra] [-r 10kb] [-idx]

[-ccm 10kb_RawObserved] [-od OUTDIR]

[-gcm inOut.gcmap] [-cmeth 1zf] [-dmeth sum]
[-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —-help
-i input.txt,

—respective
—intra-
—axis are of

—and ylabel

—-—input

show this help message and exit

input.txt

Meta input file containing input contact map files list with,

xlabel and ylabel. xlabel should be always provided. In case of

chromosomal map, only xlabel is sufficient because both x and y

same chromosome. However for inter-chromosomal map, both xlabel

should be provided. Example format:

100kb_resolution_intrachromosomal/chrl/MAPQGE30/chrl_100kb.

—~RAWobserved chrl

100kb_resolution_intrachromosomal/chr5/MAPQGE30/chr5_100kb.
—RAWobserved chrb

100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_100kb.
—RAWobserved chrlb

100kb_resolution_intrachromosomal/chr20/MAPQGE30/chr20_100kb.
—RAWobserved chr20

100kb_resolution_intrachromosomal/chr21/MAPQGE30/chr21_100kb.
—RAWobserved chr2l

100kb_resolution_intrachromosomal/chr22/MAPQGE30/chr22_100kb.

RAWebserved—echr22

2.1. Contents
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—-ic input.tar.gz, —-—-input-compressed input.tar.gz

Input compressed archive file containing all the listed contact
—maps.

Presently, only "tar.gz" and "zip" compressed files are,
—supported.

If -i/-—-input is not provided, all files from compressed file,
—will be tried for

processing.
-mt intra, —--mapType intra
Type of listed contact maps: "intra" or "inter" chromosomal
—map .
-r 10kb, —--resolution 10kb
Resolution of all maps. It is an optional argument. Note that,
—if this

option is not provided, resolution will be automatically
—determined from the

contact map file. However, in case of -idx/--index option,
—resolution

should be provided as resolution cannot be determined from
—input contact map

file.

—-idx, —--index It determines whether contact map files have real coordinate of
—chromosome

or index number. If this option is enabled, -r/--resolution,
—option should be

provided.

—ccm 10kb_RawObserved, —--ccmap 10kb_RawObserved

Use this to convert all contact maps to ccmap format files.
—Provide suffix

of ccmap file names with this option and it will enable the,
—conversion.

Ouput ccmap file name is generated outmatically as follows;

if xlabel is not equal to ylabel: <xlabel>_<ylabel>_<suffix>.
—ccmap

else: <xlabel>_<suffix>.ccmap

Note that -od/--out-dir option is also required because all_
—ccmaps will be
saved in this directory.

-od OUTDIR, --out-dir OUTDIR
Directory where all ccmap files will be saved.

—gcm inOut.gcmap, —--gcmap inOut.gcmap

Provide gcmap file to convert all contact maps into one gcmap,,
—file.

File name should contain full path because -od/--out-dir is not,
—considered

for this conversion.
—cmeth 1zf, --compression-method 1lzf

Data compression method in gcmap file.
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—dmeth sum, —-—-downsample-method sum

Downsampling method to coarsen the resolution in gcmap file.
—The option 1is

intended to use with -gcm/--gcmap option. Three accepted
—methods are

sum : sum of values,
mean : Average of values and
max : Maximum of values.

This option generates all coarser maps where resolutions will |
—be coarsened by

a factor of two, consequetively. e.g.: In case of 10 kb input,
—resolution,

downsampled maps of "20kb", "40kb", "80kb", "160kb", "320kb"
—etc. will be

generated until, map size is less than 500.

-wd /home/rajendra/deskForWork/scratch, --work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

pairCoo2cmap - paired COO sparse matrix to ccmap or gcmap

This format is very similar to COO format with an addiotional infromation of chromosome. Therefore, maps for all
chromosome could be contained in a single file.

This type of format appeared with this publication (GEO datasets).

Following file format can be read as a text file, where first and second column is location on chromosome and third
column is the value:

chr4 60000 75000 chr4 60000 75000 0.1163470887070292

chr4 60000 75000 chr4 105000 120000 0.01292745430078102
chr4 60000 75000 chr4 435000 450000 0.01292745430078102
chr4 75000 90000 chr4 75000 90000 0.05170981720312409
chr4 75000 90000 chr4 345000 360000 0.01292745430078102
chr4 90000 105000 chr4 90000 105000 0.01292745430078102
Usage:

usage: gcMapExplorer pairCoo2cmap [-h] [-1i maps.txt] [-ccm RawObserved]
—-od OUTDIR] [-gcm inOut.gcmap] [-cmeth 1zf]

—dmeth sum]
-wd /home/rajendra/deskForWork/scratch]

[
[
[
[

Optional arguments:

-h, —--help show this help message and exit
-1 maps.txt, —-—-input maps.txt
Input file name.

—-ccm RawObserved, ——-ccmap RawObserved
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Use this to convert all contact maps to ccmaps file. Provide

—suffix of
ccmap file names with this option and it will enable the_

—conversion.

Ouput ccmap file name is generated outmatically as follows;
<chromosome>_<resolution>_<suffix>.ccmap

Note that -od/--out-dir option is also required because all
—ccmaps will be
saved in this directory.

-od OUTDIR, --out-dir OUTDIR
Directory where all ccmap files will be saved.

—gcm inOut.gcmap, ——-gcmap inOut.gcmap
Provide gcmap file to convert all contact maps into one gcmap,,

—~file.
File name should contain full path because -od/--out-dir is not,
—considered
for thi conversion.
—cmeth 1lzf, --compression-method 1lzf
Data compression method for gcmap file.
—dmeth sum, —--downsample-method sum

Downsampling method to coarsen the resolution in gcmap file.
—The option is

intended to use with -gcm/--gcmap option. Three accepted
—methods are

sum : sum of wvalues,
mean : Average of values and
max : Maximum of values.

This option generates all coarser maps where resolutions will |
—be coarsened by
a factor of two, consequetively. e.g.: In case of 10 kb input,,

—resolution,
downsampled maps of "20kb", "40kb", "80kb", "160kb", "320kb"

—etc. will be
generated until, map size is less than 500.

-wd /home/rajendra/deskForWork/scratch, —--work—-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

homer2cmap - HOMER Hi-C matrix to ccmap or gcmap

HOMER package contains modules to analyze genome wide interaction data. It creates Hi-C matrix in a specific
format as shown as shown here.

This format contains contact map in a matrix format.

Usage:

-h] [-i matrix.txt] [-ccm RawObserved]

—od OUTDIR] [-gcm inOut.gcmap] [-cmeth 1zf]
—dmeth sum]

-wd /home/rajendra/deskForWork/scratch]

usage: gcMapExplorer homer2cmap

[
(
[
(
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Optional arguments:

-h, —--help show this help message and exit
-1 matrix.txt, —-—-input matrix.txt
File containing HOMER Hi-C ineraction matrix format contact map

—ccm RawObserved, ——-ccmap RawObserved

Use this to convert all contact maps to ccmaps file. Provide
—suffix of

ccmap file names with this option and it will enable the
—conversion.

Ouput ccmap file name is generated outmatically as follows;
<chromosome>_<resolution>_<suffix>.ccmap

Note that -od/--out-dir option is also required because all
—ccmaps will be
saved in this directory.

-od OUTDIR, --out-dir OUTDIR
Directory where all ccmap files will be saved.
—-gcm inOut.gcmap, —--gcmap inOut.gcmap
Provide gcmap file to convert all contact maps into one gcmap,,

File name should contain full path because -od/--out-dir is not,
—considered

for thi conversion.
—-cmeth 1zf, —--compression-method 1lzf

Data compression method for gcmap file.
—dmeth sum, —--downsample-method sum

Downsampling method to coarsen the resolution in gcmap file.
—The option is

intended to use with -gcm/--gcmap option. Three accepted
—methods are

sum : sum of wvalues,
mean : Average of values and
max : Maximum of values.

This option generates all coarser maps where resolutions will
—be coarsened by

a factor of two, consequetively. e.g.: In case of 10 kb input,
—resolution,

downsampled maps of "20kb", "40kb", "80kb", "160kb", "320kb"
—etc. will be

generated until, map size is less than 500.

-wd /home/rajendra/deskForWork/scratch, --work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

bc2cmap -Bin-Contact files pair to ccmap or gcmap

In this format, two separate files are available. One file contains bins information and other contains contact frequency.
These types of files are present in following GEO data:
¢ http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE61471
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e http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34453

This format contains a pair of file:

BIN file:

cbin chr from.coord to.coord count
1 2L 0 160000 747

2 2L 160000 320000 893

3 2L 320000 480000 1056

4 2L 480000 640000 1060

5 2L 640000 800000 978

6 2L 800000 960000 926

CONTACT file in list format:

cbinl cbin?2 expected_count observed_count
1 1 40.245201 21339

1 2 83.747499 5661

1 3 92.12501 1546

1 4 93.401273 864

1 5 87.265472 442

Both BIN and CONTACT files are neccessary for the conversion.

Usage:
usage: gcMapExplorer bc2cmap [-h] [—-ib nm_none_160000.bins]
—ic nm_none_160000.n_contact] [-ccm RawObserved]

—dmeth sum]

[
[
[-od OUTDIR] [—-gcm inOut.gcmap] [-cmeth 1zf]
[
[-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, --help show this hel
p message and exit
—-ib nm_none_160000.bins, —--input-bin nm_none_160000.bins

Input BIN file as shown above.

—ic nm_none_160000.n_contact, —-—-input-contact nm_none_160000.n_contact
Input CONTACT file as shown above.

—ccm RawObserved, ——-ccmap RawObserved

Use this to convert all contact maps to ccmaps file. Provide
—suffix of

ccmap file names with this option and it will enable the
—conversion.

Ouput ccmap file name is generated outmatically as follows;
<chromosome>_<resolution>_<suffix>.ccmap

Note that -od/--out-dir option is also required because all
—ccmaps will be
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saved in this directory.

-od OUTDIR, --out-dir OUTDIR
Directory where all ccmap files will be saved.
—gcm inOut.gcmap, —--gcmap inOut.gcmap
Provide gcmap file to convert all contact maps into one gcmap,,
File name should contain full path because -od/--out-dir is not,
—considered
for thi conversion.
—-cmeth 1zf, —--compression-method 1lzf
Data compression method for gcmap file.
—dmeth sum, —--downsample-method sum

Downsampling method to coarsen the resolution in gcmap file.
—~The option is

intended to use with -gcm/--gcmap option. Three accepted
—methods are

sum : sum of wvalues,
mean : Average of values and
max : Maximum of values.

This option generates all coarser maps where resolutions will
—be coarsened by

a factor of two, consequetively. e.g.: In case of 10 kb input,
—resolution,

downsampled maps of "20kb", "40kb", "80kb", "160kb", "320kb"
—etc. will be

generated until, map size is less than 500.

-wd /home/rajendra/deskForWork/scratch, —--work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

cmaplmporter - An application to import ccmap or gcmap

It is an application for converting external Hi-C format into either gcmap or ccmap format.

It can be launched by following command:

gcMapExplorer cmapImporter

This interface contains in-built help (Click on ? ? button) to understand the functionality of interfaces.
Convert using gcMapExplorer Python modules:
e COO sparse matrix : gcMapExplorer.lib.importer.CooMatrixHandler
¢ Paired COO sparse matrix : gcMapExplorer.lib.importer.PairCooMatrixHandler
¢ Homer Hi-C interaction matrix : gcMapExplorer.lib.importer.HomerInputHandler
* Bin-Contact pair files : gcMapExplorer.lib.importer.BinsNContactFilesHandler
See also:

A tutorial to convert external Hi-C maps into ccmap or gecmap using gcMapExplorer module are shown here.
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Import Data for Genome Contact Map Explorer [E -
Input Formats: | COO Matrix -

Input Compressed File: =

Input File X-Label Y-Label -
Add from File

1

= Add File

Add Row
Remave Row
Map Type: |intra = [ [ Coordinate: |real ~ | Resolution: [

¥ Save as CCMAP files

File Name Suffix: Output Directory: =]
V| Save as GCMAP file
Output File: = | Compression: |LZF ~ | Downsample by: | Sum -
scratch Directory: |/homejrajendra/deskForWork/scratch =
M stop P Run
Output Log: Clear

Fig. 2.13: cmapImporter Interface
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* .ccmap and . npbin files

This package implements the Chromosome Contact Map (ccmap) data in a specific format, which contains two inter-related file

* x.ccmap: Itis a text file and contains meta-data for the Chromosome Contact Map.

* «.npbin or ».npbin.gz: This file contains the Chromosome Contact Map data, which is a memory
mapped 2D matrix.

In contrast to gcmap file, the *.ccmap and *.npbin paired files contain only one contact map. To perform
mathematical operations directly using gcmap is slow (see here), therefore, gcMapExplorer uses * . ccmap and * .
npbin paired files during mathematical calculations.

Why two files?

Contact map is a two-dimensional matrix. Size of matrix can be very huge for large chromosome at high resolutions.
Memory required to handle such huge matrices could be very large and sometimes beyond the available hardware.
Therefore, we used a matrix mapped to the file » . npbin (compressed * .npbin.gz), which is stored in external
disk. For each Contact map, we also need to store some properties like its title/name, size, minimum and maximum
values, columns/rows with missing data, and path to memory mapped matrix file. These properties are stored in
* . ccmap file.

Advantages of memory mapped matrix file

* Itis a binary indexed file and any particular region of the matrix can be rapidly accessed.
* This file is generated using , and therefore, it can be used as . See also for more about numpy array.
* Because, it can be used as a numpy array, operations can be performed to access the data.

* All mathematical operations available in and modules can be directly performed.

Contents of * . ccmap file

* . ccmap is a text file and its content is shown as example:

{

"title":null,
"path2matrix":"chr22_100kb_normKR.npbin",
"xlabel":null,
"minvalue":"7.207987891888479%9-06",
"bLog":false,
"state":"saved",
"maxvalue":"0.28213343024253845",
"binsize":100000,
"shape": [

"513",

"513"
1,
"matrix":null,
"yticks": [

llOll,

"51300000"
]I

—"bNoDatag":"1111111121111112121211111111221222111112222121111112111211111111111111111111111111111

—
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"xticks": [
"0"’
"51300000"
]I
"ylabel":null,
"dtype":"float32"

Following properties are included in Contact Map metadata file:
* title: Title of the data. Used to display in browser.
e path2matrix: Pathto » .npbin or *.npbin.gz file
* bLog: Whether values in matrix is Logarithm values
* maxvalue: Maximum value
* minvalue: Minimum value
* binsize: Resolution of data.
* shape: Shape of matrix along X and Y axis
* xticks: Upper and lower limits of X-axis
e yticks: Upper and lower limits of Y-axis
* xlabel: Label for x-axis
e ylabel: Label for y-axis
* matrix: See gcMapExplorer.lib.CCMAP.matrix
e state: See gcMapExplorer.lib.CCMAP.state
e dtype: Data type for memory mapped matrix file. e.g. float, float32, float64 etc.

* bNoData: Whether data is missing for entire row/column

Genomic track HDF5 (.h5) file

To enable rapid visualization of genomic track datasets along with contact map, we used format file to store these
datasets at various resolutions. HDFS5 is a binary indexed file and therefore, entire datasets or a portion of dataset can
be accessed rapidly.

HDFS5 library is available for C, C++, R, Java and Python programming language, and therefore these files can be
directly read through these languages.

Downsampling or Coarsening of datasets

Genomic contact map can be of different resolutions, and therefore, resolution of corresponding genomic track datasets
should match during the visualization/analysis. Therefore, genomic dataset need to be downsampled or coarsened.
However, there are several possible methods for downsampling that can be suitable for different purposes. Therefore,
we have implmented six different methods as follows,

¢ Arithmatic mean
¢ Geometric mean

e Harmonic mean
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e Median

e Maximum

¢ Minimum

When a file is opened in the browser, user receives a prompt for selection of downsampling method, and subse-

quently, the selected data is loaded into the browser.

Structure of genomic track (.h5) file

Format: /<Chromosome>/<Resolution>/<1D Numpy Array>

amean
median
hmean

amean
median
hmean

Arithmatic mean
Median value
Harmonic mean
Geometric mean
Minimum value
Maximum value

Arithmatic mean
Median value
Harmonic mean
Geometric mean
Minimum value

Maximum value

Arithmatic mean
Median value
Harmonic mean
Geometric mean
Minimum value
Maximum value

type:
type:
type:
type:
type:
type:

type:
type:
type:
type:
type:
type:

type:
type:
type:
type:
type:
type:

1D
1D
1D
1D
1D
1D

1D
1D
1D
1D
1D
1D

1D
1D
1D
1D
1D
1D

Array
Array
Array
Array
Array
Array

Array
Array
Array
Array
Array
Array

Array
Array
Array
Array
Array
Array

Compression

In h5 file, dataset is stored as an 1D array. Presently, two compression methods are allowed in the h5 file:

» GZIP

By default, is used to compress arrays. This method is very fast, and allow the reading.
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Warning: method is only avaiable through Python h5py module, and therefore, this file cannot be read by another
programming language through standard library.

For portablity, use GZIP compression method, which is available in standard HDFS5 library.

Convert bigWig/wig/bed to genomic track h5 file
To convert bigWig/wig/bed files to genomic track files a GUI application and several commands are available.
h5Converter

This is a GUI application, which can be used to convert bigWig/wig/bed file into gcMapExplorer browser
compatible hS5 file. To open this interface, use following command:

gcMapExplorer h5Converter

This interface contains in-built help (Click on ?? button) to understand the functionality of interfaces.

bigwig2h5

Description:

Import a bigWig file to HDF5 format h5 file

bigWig file can be converted into gcMapExplorer compatible HDF5 file using
this tool. This HDF5 file can be loaded into gcMapExplorer browser for
interactive visualization.

Requirements

1) bigWigToWig : It converts binary bigWig file to ascii Wig file.
2) bigWigInfo : It fetches the information about chromosomes from bigWig file.

Both tools can be downloaded from http://hgdownload.cse.ucsc.edu/admin/exe/
for linux and Mac platform. However, these tools are not yet available for
Windows OS.

Path to these tools can be set using gcMapExplorer configure utility or can be
given with the command.

Resolutions

By default, original data are downsampled to following resolutions: '1lkb',
'2kb', '4kb', '5Skb', '8kb', 'l0kb', '20kb', '40kb', '80kb', '1l00kb', 'l60kb',
'200kb', '320kb', '500kb', '640kb', and 'Imb'.

The data are downsampled at this stage only to speed up the visualization
process as downsampling might slow down the interactive visualization.

Downsampling/Coarsening method

Presently, six methods are implemented:
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convert bigWig/wig/bed to h5

File:

Format: | bed « | Chromosome: Title: | Genomic Dataset

Additional Resolutions: Keep Original

Downsampling methods:

v | Arithmatic Mean v Harmonic Mean V| Geometric Mean

v Maximum v Minimum v Median
Scratch Directory: =
h5 File: = ItumprEE.sion: LZF -

Data Column: |7 |3

77 Convert Close

Log Output: Clear

Fig. 2.14: h5Converter Interface
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1) min —> Minimum value

2) max -> Maximum value

3) amean —> Arithmatic mean or average
4) hmean —> Harmonic mean

5) gmean -> Geometric mean

6) median -> Median

All these methods are used by default.
See below help for "-dm/--downsample-method" option to change the methods.

To keep original 1 base resolution data

By default, the output h5 file does not contain original l-base resolution
data to reduce the file size. To keep the original data in h5 file, used
-ko/--keep-original flag.

Usage:

usage: gcMapExplorer bigwig2h5 [-h] [-1 input.bigWig] [-t "Genomic Dataset"]
[-b2w bigWigToWig] [-binfo bigWigInfo]
[-r "List of Resolutions"] [-icn CHROMNAME ]
[-dm "List of downsampling method"]
[-cmeth 1zf] [-o out.h5] [-ow] [-koO]
[

-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —--help show this help message and exit
-1 input.bigWig, —--input input.bigWig
Input bigWig file.

-t "Genomic Dataset", —--title "Genomic Dataset"
Title of the dataset.
-b2w bigWigToWig, —--bigWigToWig bigWigToWig

Path to bigWigToWig tool.

This is not neccessary when bigWigToWig path is already set,,
—using gcMapExplorer
configure utility.

It can be downloaded from http://hgdownload.cse.ucsc.edu/admin/
—exe/
for linux and Mac platform.

-binfo bigWigInfo, --bigWigInfo bigWigInfo
Path to bigWigInfo tool.

This is not neccessary when bigWigInfo path is already set,
—using gcMapExplorer

configure utility.

It can be downloaded from http://hgdownload.cse.ucsc.edu/admin/

—exe/

for linux and Mac platform.
-r "List of Resolutions", —--resolutions "List of Resolutions"

Additional input resolutions other than these resolutions: 1lkb',
— '2kb"',
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"4kb', '5kb', '8kb', '10kb', '20kb', '40kb', '80kb', '100kb',
<,'160kb', '200kb",
'320kb', '500kb', '640kb', and 'lmb'.

Resolutions should be provided in comma seprated values. For_

—Example:
-r "25kb, 50kb, 75kb"

—icn CHROMNAME, --input-chromosome CHROMNAME

Input Chromosome Name.

If this is provided, only this chromosome data is extracted and
—~stored in hb

file.

—dm "List of downsampling method", —--downsample-method "List of downsampling method"

Methods to coarse or downsample the data for converting from 1-
—base

to coarser resolutions. If this option is not provided, all six
—methods (see

above) will be considered. User may use only subset of these,
—methods.

For example: -dm "max, amean" can be used for downsampling by,
—only these

two methods.

—-cmeth 1zf, —--compression-method 1lzf

Data compression method in h5 file.
-0 out.h5, —--out out.hb

Output hb file.

If file is already present, it will replace the data. Therefore,
— be careful
if a file with same name is present.

-ow, ——-overwrite If a output file is already present, overwrite the datasets in_,
—the output

file.
-ko, —--keep-original To copy original l-base resolution data in h5 file. This will

—increase the
file size significantly.

-wd /home/rajendra/deskForWork/scratch, —--work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

wig2h5

Description:

Import a wig file to HDF5 format h5 file

wig file can be converted into gcMapExplorer compaitable HDF5 file using
this tool. This HDF5 file can be loaded into gcMapExplorer browser for
interactive visualization.
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This tool does not require any external program.

Resolutions

By default, original data are downsampled to following resolutions: '1kb"',
'2kb', '4kb', '5Skb', '8kb', 'l0kb', '20kb', '40kb', '80kb', '1l00kb', 'l60kb',
'200kb', '320kb', '500kb', '640kb', and 'lmb'.

The data are downsampled at this stage only to speed up the visualization
process as downsampling might slow down the interactive visualization.

Downsampling/Coarsening method

Presently, six methods are implemented:

1) min —=> Minimum value

2) max —> Maximum value

3) amean -> Arithmatic mean or average
4) hmean -—> Harmonic mean

5) gmean -> Geometric mean

6) median -> Median

All these methods are used by default.
See below help for "-dm/--downsample-method" option to change the methods.

To keep original 1 base resolution data

By default, the output h5 file does not contain original l-base resolution
data to reduce the file size. To keep the original data in h5 file, used
-ko/--keep-original flag.

Usage:

usage: gcMapExplorer wig2h5 [-h] [-1i input.wig] [-t "Genomic Dataset"]
-r "List of Resolutions"]

—dm "List of downsampling method"]

—icn CHROMNAME] [-cmeth 1zf] [-o out.h5] [-ow]
-ko] [-idf index. json]

[
[
[
[
[
[-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —--help show this help message and exit
-1 input.wig, --input input.wig
Input wig file.

-t "Genomic Dataset", —--title "Genomic Dataset"
Title of the dataset.
-r "List of Resolutions", —--resolutions "List of Resolutions"

Additional input resolutions other than these resolutions: 1lkb',
— '2kb"',

'4kb', '5kb', '8kb', 'l0kb', '20kb', '40kb', '80kb', '100kb',
—'160kb', '200kb"',

'320kb', '500kb', '640kb', and 'lmb'.

Resolutions should be provided in comma seprated values. For

—Example:
-r "25kb, 50kb, 75kb"
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—dm "List of downsampling method", --downsample-method "List of downsampling method"

Methods to coarse or downsample the data for converting from 1-
—base

to coarser resolutions. If this option is not provided, all six
—methods (see

above) will be considered. User may use only subset of these,
—methods.

For example: -dm "max, amean" can be used for downsampling by,
—only these

two methods.

—icn CHROMNAME, --input-chromosome CHROMNAME

Input Chromosome Name.

If this is provided, only this chromosome data is extracted and_
—stored in hb

file.

—-cmeth 1zf, —--compression-method 1lzf

Data compression method in h5 file.
-o out.h5, —--out out.hb

Output hb file.

If file is already present, it will replace the data. Therefore,
— be careful
if a file with same name is present.

-ow, ——overwrite If a output file is already present, overwrite the datasets in_,
—the output

file.
-ko, —-—-keep-original To copy original l-base resolution data in h5 file. This will

—lncrease the
file size significantly.

—-idf index.json, —--index-file index.json

Index file in json format.

A file in json format containing indices (position in wig file) |
—and sizes of

chromosomes. If this file is not present and given as input, a,
—new file will be

generated. If this file is present, indices andsizes will be_
—~taken from this

file. If index and size of input chromosome is not present in_
—~Jjson file, these

will be determined from wig file and stored in same Jjson file.
—This file could

be very helpful in case when same wig file has to be read many,_
—times because

step to determine index and size of chromosome is skipped.

-wd /home/rajendra/deskForWork/scratch, --work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.

bed2h5

Description:
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Import a bed file to HDF5 format h5 file

bed file can be converted into gcMapExplorer compatible HDF5 file using
this tool. This HDF5 file can be loaded into gcMapExplorer browser for
interactive visualization.

This tool does not require any external program.

Resolutions

By default, original data are downsampled to following resolutions: '1kb',
'2kb', '4kb', '5Skb', '8kb', 'l0kb', '20kb', '40kb', '80kb', '100kb', 'l60kb',
'200kb', '320kb', '500kb', '640kb', and 'Imb'.

The data are downsampled at this stage only to speed up the visualization
process as downsampling might slow down the interactive visualization.

Downsampling/Coarsening method

Presently, six methods are implemented:

1) min —> Minimum value

2) max -> Maximum value

3) amean —> Arithmatic mean or average
4) hmean —-> Harmonic mean

5) gmean -> Geometric mean

6) median -> Median

All these methods are used by default.
See below help for "-dm/--downsample-method" option to change the methods.

To keep original 1 base resolution data

By default, the output h5 file does not contain original l-base resolution
data to reduce the file size. To keep the original data in h5 file, used
-ko/--keep-original flag.

Usage:

usage: gcMapExplorer bed2h5 [-h] [-1 input.bed] [-t "Genomic Dataset"]
[-dtc 7] [-r "List of Resolutions"]
[-dm "List of downsampling method"]
[-icn CHROMNAME] [-cmeth 1zf] [-o out.hb] [-ow]
[-ko] [-idf index.json]
[

-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —--help show this help message and exit
-1 input.bed, --input input.bed
Input wig file.

-t "Genomic Dataset", —--title "Genomic Dataset"

Title of the dataset.
-dtc 7, —--data-column 7

The column number, which is considered as data column. Column,
—number

could vary and depends on BED format. For example:
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1) ENCODE broadPeak format (BED 6+3): 7th column

2) ENCODE gappedPeak format (BED 12+3): 13th column

3) ENCODE narrowPeak format (BED 6+4): 7th column

4) ENCODE RNA elements format (BED 6+4+3): 7th column
-r "List of Resolutions", —--resolutions "List of Resolutions"

Additional input resolutions other than these resolutions: 1lkb',
— '2kb"',

'4kb', '5kb', '8kb', '1l0kb', '20kb', '40kb', '80kb', '100kb',
—'160kb', '200kb"',

'320kb', '500kb', '640kb', and 'lmb'.

Resolutions should be provided in comma seprated values. For

[

—Example:
-r "25kb, 50kb, 75kb"
—dm "List of downsampling method", --downsample-method "List of downsampling method"
Methods to coarse or downsample the data for converting from 1-
—base

to coarser resolutions. If this option is not provided, all six_
—methods (see

above) will be considered. User may use only subset of these,
—methods.

For example: -dm "max, amean" can be used for downsampling by,
—only these

two methods.

—icn CHROMNAME, --input-chromosome CHROMNAME

Input Chromosome Name.

If this is provided, only this chromosome data is extracted and
—stored in hb

file.

—cmeth 1lzf, --compression-method 1lzf

Data compression method in h5 file.
-0 out.h5, —--out out.h5

Output h5 file.

If file is already present, it will replace the data. Therefore,
— be careful
if a file with same name is present.

-ow, ——-overwrite If a output file is already present, overwrite the datasets in_
—the output

file.
-ko, ——-keep-original To copy original l-base resolution data in h5 file. This will_

—increase the
file size significantly.

—-idf index.json, —--index-file index. json

Index file in json format.

A file in json format containing indices (position in bed file) |
—and sizes of

chromosomes. If this file is not present and given as input, a_
—new file will be

generated. If this file is present, indices andsizes will be
—taken from this
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file. If index and size of input chromosome is
—Jjson file, these

will be determined from bed file and stored in
—This file could

be very helpful in case when same bed file has
—times because

step to determine index and size of chromosome

not present in,
same Jjson file.

to be read many,,

is skipped.

-wd /home/rajendra/deskForWork/scratch, --work-dir /home/rajendra/deskForWork/scratch

Directory where temporary files will be stored.

Convert using gcMapExplorer Python modules:

* bigWig file: gcMapExplorer.lib.genomicsDataHandler.BigWigHandler

* wig file: gcMapExplorer.lib.genomicsDataHandler.WigHandler

e bed file: gcMapExplorer.lib.genomicsDataHandler.BEDHandler

Normalization of Hi-C maps

To normalize the Hi-C maps, several methods are implemented.

« Iterative Correction (IC)' This method normalize the raw contact map by removing biases from experimental
procedure. This is an method of matrix balancing, however, in the normalized, sum of rows and columns are

not equal to one.

* Knight-Ruiz Matrix Balancing (KR)* The Knight-Ruiz (KR) matrix balancing is a fast algorithm to normalize
a symmetric matrix. A doubly stochastic matrix is obatined after this normalization. In this matrix, sum of rows

and columns are equal to one.

¢ Median Contact Frequency Scaling (MCFS) This method can be used to normalize contact map using Median
contact values for particular distance between two locations/coordinates. At first, Median distance contact
frequency for each distance is calculated. Subsequently, the observed contact frequency is divided by median

contact frequency obtained for distance between the two locations.

To perform these normalizations, following tools are implemented:

cmapNormalizer - An application for Hi-C map normalization

Presently this application contains all the three normalization methods. It can be launch by following command:

gcMapExplorer cmapNormalizer

This interface contains in-built help (Click on ? ? button) to understand the functionality of interfaces.

normKR - Normalization by Knight-Ruiz matrix balancing

The Knight-Ruiz (KR) matrix balancing is a fast algorithm to normalize a symmetric matrix. A doubly stochastic

matrix is obatined after this normalization. In this matrix, sum of rows and columns are equal to one.

Usage:

! Imakaev e al. Iterative correction of Hi-C data reveals hallmarks of chromosome organization. Nature Methods 9, 999-1003 (2012).

2 Knight P and D. Ruiz. A fast algorithm for matrix balancing. IMA J Numer Anal (2013) 33 (3): 1029-1047.
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Normalizer €] - x
Metheod: | Knight-Ruiz Matrix Balancing - 7 3
Input:
File: = | Format: None ~
Options specfic to method:
Tolerance: le-12 Map Size Ceiling for Memory: Memoey: RAM d

Options
Percentile Thersheld for Missing Data:

Fraction Thershold for Data Occupancy:

Scratch Directory fhome/rajendra/deskForWaork/scratch =
Output
File: = | Format: | None ~

Compression in gcmap: |LZF

M stop P Start

Log Output: Clear

Fig. 2.15: Contact map normalization Interface
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usage: gcMapExplorer normKR [-h] [-1 input.gcmap] [-fi gcmap]
[-o output.gcmap] [-fo gcmap] [-t le-12] [-m RAM]
[-mscm 20000] [-ptnd 99] [-tdo 0.8] [-cmeth 1lzf]
[

-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, --help show this help message and exit
—-i input.gcmap, —-—-input input.gcmap
Input ccmap or gcmap file.

-fi gcmap, —--format-input gcmap
Input format: 'ccmap' or 'gcmap'.

-0 output.gcmap, —-—-output output.gcmap
Output ccmap or gcmap file.

When input file is ccmap, ouput file can be gcmap. However,
—when a input file
is gcmap, output file will be only in gcmap.

-fo gcmap, —-—-format-output gcmap
Output format: 'ccmap' or 'gcmap'.

When input file is ccmap, ouput file can be gcmap. However,
—when a input file
is gcmap, output file will be only in gcmap.

-t le-12, —--tolerance le-12
Tolerance for matrix balancing.
Smaller tolreance increases accuracy in sums of rows and

—columns.
-m RAM, -—--memory RAM The memory used for calculation. Acceptable keywords are 'RAM'
—or '"HDD'.

In case of RAM, memory is used for the calculation. In case of
—Disk, all

intermediate steps will use DIsk Drive to store intermediate
—data.

This option is ONLY VALID when input file is in ccmap format.
-mscm 20000, —--map-size-ceiling-for-memory 20000

Maximum size of contact map allowed for calculation using RAM.

If map size or shape is larger than this wvalue, normalization,
—will be

performed using disk (HDD). This option is ONLY VALID when_
—~input file is in
gcmap format.

-ptnd 99, --percentile-thershold-no-data 99
It can be used to filter the map, where rows/columns with
—~largest numbers
of missing data can be discarded. Its value should be between 1
—and 100.
This options discard the rows and columns which are above this
—percentile.
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For example: if this value is 99, those rows or columns will be
—discarded which

contains larger than number of zeros (missing data) at 99
—percentile.

To calculate percentile, all blank rows are removed, then in_
—all rows, number

of zeros are counted. Afterwards, number of zeros at input,
—percentile is

obtained. In next step, if a row contain number of zeros larger
—than this

percentile value, the whole row and column is assigned to have
—missing data.

This percentile indicates highest numbers of zeros (missing,
—data) 1in given

rows/columns.

-tdo 0.8, —--thershold-data-occupancy 0.8
It can be used to filter the map, where rows/columns with,
—largest numbers
of missing data can be discarded.This ratio is:
(number of bins with data) / (total number of bins in the,
—given row/column)

For example: if -tdo = 0.8, then all rows containing more than,,
—20% of

missing data will be discarded.
—-cmeth 1zf, —--compression-method 1lzf

Data compression method for output gcmap file.
-wd /home/rajendra/deskForWork/scratch, —--work-dir /home/rajendra/deskForWork/scratch

Directory where temporary files will be stored.

normiC - Normalization by Iterative Correction

This method normalize the raw contact map by removing biases from experimental procedure. This is an method of
matrix balancing, however, in the normalized, sum of rows and columns are not equal to one.

Usage:
usage: gcMapExplorer normIC [-h] [-1i input.gcmap] [-fi gcmap]
[-0o output.gcmap] [-fo gcmap] [-t 0.0001] [-c_
—500]
[-ptnd 99] [-tdo 0.8] [-cmeth 1lzf]
[-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —--help show this help message and exit
-1 input.gcmap, —--input input.gcmap
Input ccmap or gcmap file.

-fi gcmap, —-—-format-input gcmap
Input format: 'ccmap' or 'gcmap'.

-0 output.gcmap, ——output output.gcmap
Output ccmap or gcmap file.
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—when a input file

When input file is ccmap, ouput file can be gcmap. However,

is gcmap, output file will be only in gcmap.

-fo gcmap, —-—-format-output gcmap

—when a input file

Input format: 'ccmap' or 'gcmap'.

When input file is ccmap, ouput file can be gcmap. However,

is gcmap, output file will be only in gcmap.

-t 0.0001, --tolerance 0.0001

Tolerance for matrix balancing.
Smaller tolreance increases accuracy in sums of rows and

—columns.
-c¢ 500, —-—-iteration 500

Number of iteration to stop the normalization.
-ptnd 99, —--percentile-thershold-no-data 99

—largest numbers
—and 100.
—percentile.
—~discarded which

—percentile.

—all rows, number
—percentile is
—than this
—missing data.

—~data) in given

It can be used to filter the map, where rows/columns with,
of missing data can be discarded. Its value should be between 1
This options discard the rows and columns which are above this
For example: if this value is 99, those rows or columns will be

contains larger than number of zeros (missing data) at 99

To calculate percentile, all blank rows are removed, then in

of zeros are counted. Afterwards, number of zeros at input,
obtained. In next step, if a row contain number of zeros larger
percentile value, the whole row and column is assigned to have
(missing,

This percentile indicates highest numbers of zeros

rows/columns.

-tdo 0.8, —-—-thershold-data-occupancy 0.8

—largest numbers

—given row/column)

It can be used to filter the map, where rows/columns with,

of missing data can be discarded.This ratio is:
(number of bins with data) / (total number of bins in the_

For example: if -tdo = 0.8, then all rows containing more than_
—~20% of

missing data will be discarded.
—-cmeth 1zf, —--compression-method 1lzf

Data compression method for output gcmap file.
-wd /home/rajendra/deskForWork/scratch, —--work-dir /home/rajendra/deskForWork/scratch
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Directory where temporary files will be stored.

normMCFS - Scale maps using Median/Mean Contact Frequency

This method can be used to normalize contact map using Median contact values for particular distance between two
locations/coordinates. At first, Median distance contact frequency for each distance is calculated. Subsequently, the
observed contact frequency is divided by median contact frequency obtained for distance between the two locations.

Usage:
usage: gcMapExplorer normMCFS [-h] [-1 input.gcmap] [-fi gcmap]
[-0 output.gcmap] [-fo gcmap] [-s median]
[-ptnd 99] [-tdo 0.8] [-cmeth 1lzf]
[

-wd /home/rajendra/deskForWork/scratch]

Optional arguments:

-h, —-help show this help message and exit
-i input.gcmap, —--input input.gcmap
Input ccmap or gcmap file.

-fi gcmap, —--format-input gcmap
Input format: 'ccmap' or 'gcmap'.

-0 output.gcmap, —-—output output.gcmap
Output ccmap or gcmap file.

When input file is ccmap, ouput file can be gcmap. However,
—when a input file
is gcmap, output file will be only in gcmap.

-fo gcmap, —-—-format-output gcmap
Input format: 'ccmap' or 'gcmap'.

When input file is ccmap, ouput file can be gcmap. However,
—when a input file
is gcmap, output file will be only in gcmap.

-s median, —--stats median
Statistics to be considered for scaling.
It may be either “mean” or “median”. By default, it is “median”.

-ptnd 99, --percentile-thershold-no-data 99
It can be used to filter the map, where rows/columns with

—largest numbers

of missing data can be discarded. Its value should be between 1
—and 100.

This options discard the rows and columns which are above this
—percentile.

For example: if this value is 99, those rows or columns will be
—~discarded which

contains larger than number of zeros (missing data) at 99
—percentile.

To calculate percentile, all blank rows are removed, then in
—all rows, number
of zeros are counted. Afterwards, number of zeros at input,

—percentile 1is
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obtained. In next step, if a row contain number of zeros larger
—~than this

percentile value, the whole row and column is assigned to have
—missing data.

This percentile indicates highest numbers of zeros (missing,,
—data) 1in given

rows/columns.

-tdo 0.8, —--thershold-data-occupancy 0.8
It can be used to filter the map, where rows/columns with,
—largest numbers
of missing data can be discarded.This ratio is:
(number of bins with data) / (total number of bins in the,
—given row/column)

For example: if -tdo = 0.8, then all rows containing more than,,
—20% of
missing data will be discarded.
-cmeth 1lzf, —--compression-method 1lzf
Data compression method for output gcmap file.
-wd /home/rajendra/deskForWork/scratch, --work-dir /home/rajendra/deskForWork/scratch
Directory where temporary files will be stored.
References

Download Example Datasets

Contact map - gcmap/ccmap format

Followings are the gcmap format files available for the download. These data were taken from , which was published
along with this .

GM12878 Cell Types

* Raw Observed - Finest 10 kb resolution - LZF compressed :

* Raw Observed - Finest 10 kb resolution - GZIP compressed :

* KR Balanced - Finest 10 kb resolution - LZF compressed :

* KR Balanced - Finest 10 kb resolution - GZIP compressed :

* Iteratively Corrected - Finest 10 kb resolution - LZF compressed :

¢ Iteratively Corrected - Finest 10 kb resolution - GZIP compressed :

» Average Contacts by Distance Normalized - Finest 10 kb resolution - LZF compressed :

* Average Contacts by Distance Normalized - Finest 10 kb resolution - GZIP compressed :

K562 Cell Types

* Raw Observed - Finest 10 kb resolution - LZF compressed :

* Raw Observed - Finest 10 kb resolution - GZIP compressed :
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KR Balanced - Finest 10 kb resolution - LZF compressed :

KR Balanced - Finest 10 kb resolution - GZIP compressed :

* Iteratively Corrected - Finest 10 kb resolution - LZF compressed :

¢ Iteratively Corrected - Finest 10 kb resolution - GZIP compressed :

* Average Contacts by Distance Normalized - Finest 10 kb resolution - LZF compressed :

» Average Contacts by Distance Normalized - Finest 10 kb resolution - GZIP compressed :

Genomic datasets - h5 format

Followings dataset in h5 formats are available for the download. These were downloaded and converted from .

GM12878 Cell Types

* RNA-seq :

* Histone modifications H3K9ac :

* Histone modifications H3K27ac :

* Histone modifications H3K36me3 :
¢ Histone modifications H3K79me?2 :
* Histone modifications H3K4me3 :

* CTCF Binding Site Raw Signal :

K562 Cell Types

* RNA-seq :

* Histone modifications H3K9ac :

* Histone modifications H3K27ac :

* Histone modifications H3K36me3 :
* Histone modifications H3K79me?2 :
¢ Histone modifications H3K4me3 :

* CTCF Binding Site Raw Signal :

Summary of Python Modules

ccmap module

ccmap . CCMAP . copy([fill]) To create a new copy of CCMAP object
ccmap . CCMAP . get_ ticks([binsize]) To get xticks and yticks for the matrix
ccmap.CCMAP . make_readable() Enable reading the numpy array binary file.

\ Continued on next page |
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Table 2.6 — continued from previous page

ccmap.CCMAP.make_unreadable() Disable reading the numpy array binary file from local file
system

ccmap.CCMAP .make_writable() Create new numpy array binary file on local file system and
enable reading/writing to this file

ccmap.CCMAP .make_editable() Enable editing numpy array binary file

ccmap.resolutionToBinsize(resolution) Return the bin size from the resolution unit

ccmap.binsizeToResolut ion(binsize) Return the resolution unit from the bin size

ccmap. jsonify(ccMapObj) Changes data type of attributes in CCMAP object for .

ccmap . de jsonify(ccMapODbjl, json_dict]) Change back the data type of attributes in CCMAP object.

ccmap. save_ccmap(ccMapObj, outfilel, ...]) Save CCMAP object on file

ccmap . load_ccmap(infile[, workDir]) Load CCMAP object from an input file

ccmap . export_cmap(cmap, outfilel, ...]) To export . ccmap as text file

ccmapHelpers module

ccmapHelpers.MemoryMappedArray Convenient wrapper for numpy memory mapped array file
ccmapHelpers.MemoryMappedArray.copy(self)  Copy this numpy memory mapped array and generate new
ccmapHelpers.MemoryMappedArray. Copy values from source MemoryMappedArray
copy._from(...)

ccmapHelpers.MemoryMappedArray. Copy values to destination MemoryMappedArray
copy._to(self, ...)

ccmapHelpers.get_nonzeros_index(matrix[, To get a numpy array of bool values for all rows/columns
)] which have NO missing data

ccmapHelpers. remove_ zeros(matrix[, ...]) To remove rows/columns with missing data (zero values)

gcmap module

gcmap . GCMAP(hdf5[, mapName, chromAtX, ...]) To access Genome wide contact map.
gcmap . GCMAP . changeMap([mapName, chromAtX, Change the map from
)]

gcmap . GCMAP . changeResolut ion(resolution) Try to change contact map of a given resolution.
gcmap . GCMAP . toFinerResolution() Try to change contact map to next finer resolution
gcmap . GCMAP . toCoarserResolution() Try to change contact map to next coarser resolution
gcmap . GCMAP . 1oadSmallestMap([resolution]) Load smallest sized contact map

gcmap . GCMAP . genMapNameL 1 st([sortBy]) Generate list of contact maps available in gcmap file

gcmap . GCMAP . per formDownSamp11ing([method]) Downsample recursively and store the maps
gcmap . loadGCMapAsCCMap(filename[, mapName, Load a map from gcmap file as a gcMapExplorer.

) 1ib.ccmap.CCMAP.
gcmap . addCCMap2GCMap(cmap, filenamel, ...]) Add gcMapExplorer.lib.ccmap.CCMAP to a
gcmap file

gcmap . changeGCMapCompression(infile, ...[, ...]) Change compression method in GCMAP file

importer module

importer.CooMatrixHandler([inputFiles, ...]) To import ccmap from files similar to sparse matrix in Co-
ordinate (COO) format

Continued on next page |
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Table 2.9 — continued from previous page

importer.CooMatrixHandler.
save_ccmaps([...])

To Save all Hi-C maps

importer.CooMatrixHandler.
save_gcmap(outputFile)

To Save all Hi-C maps as a gcmap file

importer.CooMatrixHandler.
setLabels(xlabels, ...)

To set xlabels and ylabels for contact maps

importer.CooMatrixHandler.
setOutputFileList(...)

To set list of output files

importer.PairCooMatrixHandler(inputFile[,

)]

To import ccmap from files similar to paired sparse matrix
Coordinate (COO) format

importer.PairCooMatrixHandler.
setGCMapOptions([...])

Set options for output gcmap file

importer.PairCooMatrixHandler.
runConversion()

Perform conversion and save to ccmap and/or gcmap file.

importer.HomerInputHandler([inputFiles, ...])

To import ccmap from Hi-C maps generated by HOMER

importer.HomerInputHandler.
save_ccmaps(outdir)

Import and save ccmap file

importer.HomerInputHandler.
save_gcmap(outputFile)

To Save all Hi-C maps as a gcmap file

importer.BinsNContactFilesHandler(binFile,

)

To import Hi-C map from bin and contact file in list format

importer.BinsNContactFilesHandler.
save_ccmaps(outdir)

Import and save ccmap file

importer.BinsNContactFilesHandler.
save_gcmap(...)

To Save all Hi-C maps as a gcmap file

importer.gen_map_from locations_value(i,

Js oe)

To generate CCMAP object from three lists — 1, j, value

normalizer module

normalizer.NormalizeKnightRuizOriginal(ccMapi@bjal Knight-Ruiz algorithm for matrix balancing

normalizer.normalizeCCMapByKR(ccMapl, ...])

Normalize a ccmap using Knight-Ruiz matrix balancing
method.

normalizer.normalizeGCMapByKR(...[, ...])

Normalize a gcmap using Knight-Ruiz matrix balancing
method.

normalizer.normalizeCCMapByIC(ccMap[, tol,

)

Normalize a ccmap by Iterative correction method

normalizer.normalizeGCMapByIC(...[, vmin, ...])

Normalize a gcmap using Iterative Correction.

normalizer.normalizeCCMapByMCFS(ccMapl,

)

Scale ccmap using Median Contact Frequency

normalizer.normalizeGCMapByMCFS(...[, ...])

Scale all maps in gcmap using Median Contact Frequency

cmstats module

cmstats.correlateCMaps(ccMapObjOne,
ccMapObjTwo)

To calculate correlation between two Hi-C maps

cmstats.getAvgContactByDistance(ccmaps],
stats])

To calcualte average contact as a function of distance
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genomicsDataHandler module

genomicsDataHandler.HDF5Handler(filename],
)]

Handler for genomic data HDFS file.

genomicsDataHandler.HDF5Handler.
set Title(title)

Set title of the dataset

genomicsDataHandler.HDF5Handler.
getChromList()

To get list of all chromosomes present in hdf5 file

genomicsDataHandler.HDF5Handler.
getResolutionList(chrom)

To get all resolutions for given chromosome from hdf5 file

genomicsDataHandler.HDF5Handler.
getDataNameList(...)

List of all available arrays by respecitve coarse method
name for given chromosome and resolution

genomicsDataHandler.HDF5Handler.
buildDataTree()

Build data dictionary from the input hdf5 file

genomicsDataHandler.
BigWigHandler(filenames, ...)

To handle bigWig files and to convert it to h5 file

genomicsDataHandler.BigWigHandler.
getBigWigInfo()

Retrieve chromosome names and their sizes

genomicsDataHandler.BigWigHandler.
bigwigtowig([...])

To generate Wig file

genomicsDataHandler.BigWigHandler.
saveAsH5(...)

Save data to h5 file.

genomicsDataHandler.WigHandler(filenames],

)]

To convert Wig files to hdf5 file

genomicsDataHandler.WigHandler.
parseWig()

To parse Wig files

genomicsDataHandler.WigHandler.
setChromosome(...)

Set the target chromosome for reading and extracting from
wig file

genomicsDataHandler.WigHandler.
saveAsH5(hdf50ut)

To convert Wig files to hdf5 file

genomicsDataHandler.WigHandler.
getRawWigDataAsDictionary([...])

To get a entire dictionary of data from Wig file

genomicsDataHandler.BEDHandler(filenames],

)

To convert BED files to hdf5/h5 file

genomicsDataHandler.BEDHandler.
parseBed()

To parse bed files

genomicsDataHandler.BEDHandler.
setChromosome(...)

Set the target chromosome for reading and extracting from
bed file

genomicsDataHandler.BEDHandler.
saveAsH5(hdf50ut)

To convert bed files to hdf5 file

genomicsDataHandler.TextFileHandler(..[,

)

To import a genomic data from column text file format

genomicsDataHandler.TextFileHandler.
readData()

Read data from input file

genomicsDataHandler.
TempNumpyArrayFiles([...])

To handle temporary numpy array files

genomicsDataHandler.
TempNumpyArrayFiles.
updateArraysByBigWig(...)

Update/resize all array files using given bigWig file

Continued on next page |
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Table 2.12 — continued from previous page

genomicsDataHandler. Update/resize an array file using given chromosome and its
TempNumpyArrayFiles. size

updateArraysByChromSize(...)

genomicsDataHandler. Update chromosome sizes using new bigWig file
TempNumpyArrayFiles.addChromSizeInfo(...)

genomicsDataHandler. Generate all memory mapped numpy array files

TempNumpyArrayFiles.
genrateAllTempNumpyFiles()

genomicsDataHandler. Generate a memory mapped numpy array file
TempNumpyArrayFiles.

generateTempNumpyFile(key)

genomicsDataHandler. Fill all arrays with zeros.
TempNumpyArrayFiles.

fillAllArraysWithZeros()

Contents
How to Import external HI-C map data?

1. From a matrix coordinate format text file

As shown below in example, in this format, first and second column is location on chromosome and third column is
the respective value:

20000000 20000000 2692.0
20000000 20100000 885.0
20100000 20100000 6493.0
20000000 20200000 15.0
20100000 20200000 52.0
20200000 20200000 2.0
20000000 20300000 18.0
20100000 20300000 40.0

Hi-C maps data with the above format are available with this article and can be downlaoded here.

At first, we import gcMapExplorer.lib module

All neccessary modules are avaiable in gcMapExplorer.lib module

In [1]: from gcMapExplorer import 1lib as gmlib

This module has methods to read and save ccmap file as shown below in the exmaple.

We read Hi-C file as follows:

In [2]: cooReader = gmlib.importer.CooMatrixHandler ('./data/CooMatrixFormat/chrl5_100kb.RAWobserved'

See also:
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Function gcMapExplorer.lib.importer.CooMatrixHandler () for more details.
Now, save the Hi-C map as ccmap:

We save imported Hi-C map in output directory as chr15_100kb_Raw_from_text.ccmap file. To reduce
the storage memory, map file is compressed in gzip format.

In [3]: cooReader.save_ccmaps ('output/CooMatrix/chrl5_100kb_Raw_from_text.ccmap', xlabels='chrl5"')
del cooReader # Delete object and generated any temporary files

INFO:CooMatrixHandler: Reading file: [./data/CooMatrixFormat/chrl5_100kb.RAWobserved]...

INFO:CooMatrixHandler: ... Finished reading file: [./data/CooMatrixFormat/chrl5_100kb.RAWobservec

INFO:genMapFromLists: Total number of data in input file: 318258

INFO:genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102500000 are present in inpt

INFO:genMapFromLists:Shape of overall map: (1026, 1026)

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/chrl5_100kb_Raw_from_text.ccmap] and

INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!

See also:

e Function gcMapExplorer.lib.importer.CooMatrixHandler.save ccmaps () for more de-
tails.

* Function gcMapExplorer.lib.ccmap.save_ccmap () for more details.

Importing from a tar archive
If a Hi-C map data file is present inside a tar archive, the map file can be directly imported as follows:

In [4]: tarfile = 'data/CooMatrixFormat/100kb_resolution_intrachromosomal.tar.gz'
mapfile = '100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_100kb.RAWobserved'
cooReader = gmlib.importer.CooMatrixHandler (mapfile, tarfile)

where, data/100kb_resolution_intrachromosomal.tar.gz is input tar archive and
100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5 100kb.RAWobserved 1is a
map file inside the archive.

Now, save the Hi-C map as ccmap: as already shown above.

In [5]: cooReader.save_ccmaps ('output/CooMatrix/chrl5_100kb_raw_from_archive.ccmap', xlabels='chrl5'

INFO:CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_10(
INFO:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chrl5

INFO:genMapFromLists: Total number of data in input file: 318258

INFO:genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102500000 are present in inpt

INFO:genMapFromLists:Shape of overall map: (1026, 1026)

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/chrl5_100kb_raw_from_archive.ccmap] and [/hor
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!
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Convert several files from a tar archive

100kb_resolution_intrachromosomal.tar.gz file contains six Hi-C map data files. Through a for
loop, these files can be imported and saved. Path to these files in the tar archive are as follows:

100kb_resolution_intrachromosomal/chrl/MAPQGE30/chrl_100kb.RAWobserved
100kb_resolution_intrachromosomal/chr5/MAPQGE30/chr5_100kb.RAWobserved
100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_100kb.RAWobserved
100kb_resolution_intrachromosomal/chr20/MAPQGE30/chr20_100kb.RAWobserved
100kb_resolution_intrachromosomal/chr21/MAPQGE30/chr21_100kb.RAWobserved
100kb_resolution_intrachromosomal/chr22/MAPQGE30/chr22_100kb.RAWobserved

These file names have a pattern, and we utilize this pattern to form a name inside for loop.

In [6]: tarfile = 'data/CooMatrixFormat/100kb_resolution_intrachromosomal.tar.gz'
chroms = [1, 5, 15, 20, 21, 22] # List of chromosomes

# Loop for each chromosome
inputFilelist = []
outputFilelList = []
xlabels = []

for chrom in chroms:

mapfile = '100kb_resolution_intrachromosomal/chr{0}/MAPQGE30/chr{0}_100kb.RAWobserved'

inputFilelList.append (mapfile)

output_file = 'output/CooMatrix/chr{0}_100kb_RawObserved.ccmap' .format (chrom)
outputFileList.append (output_file)

xlabels.append( 'chr{0}'.format (chrom) )

cooReader = gmlib.importer.CooMatrixHandler (inputFileList, tarfile)
cooReader.save_ccmaps (outputFileList, xlabels=xlabels)

INFO:CooMatrixHandler: Extracting-Reading [100kb_resolution_intrachromosomal/chrl/MAPQGE30/chrl_100k]
INFO:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chrl/I

INFO:genMapFromLists: Total number of data in input file: 2435300

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 249200000 are present in input data

INFO:genMapFromLists:Shape of overall map: (2493, 2493)

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/chrl_100kb_RawObserved.ccmap] and

[/home/raje

INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chr5/MAPQGE30/chr5_100Kk]
INFO:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chr5/1

INFO:genMapFromLists: Total number of data in input file: 1533205

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 180800000 are present in input data

INFO:genMapFromLists:Shape of overall map: (1809, 1809)

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/chr5_100kb_RawObserved.ccmap] and

[/home/ra j

INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_10(
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INFO

INFO

INFO:
:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chr20
INFO:
INFO:
:genMapFromLists:Shape of overall map: (630, 630)

INFO

INFO

INFO:
INFO:
INFO:

INFO:
:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chr21,
INFO:
INFO:
:genMapFromLists:Shape of overall map: (482, 482)

INFO

INFO

INFO:
INFO:
INFO:

INFO:
:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chr22
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:

:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chrl5
INFO:
INFO:
INFO:

genMapFromLists: Total number of data in input file: 318258
genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102500000 are present in inpt
genMapFromLists:Shape of overall map: (1026, 1026)

:save_ccmap: Saving ccmap to file [output/CooMatrix/chrl5_100kb_RawObserved.ccmap] and [/home/ra
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
save_ccmap: Finished!!!

CooMatrixHandler: Extracting-Reading [100kb_resolution_intrachromosomal/chr20/MAPQGE30/chr20_10

genMapFromLists: Total number of data in input file: 179488
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 62900000 are present in input data

save_ccmap: Saving ccmap to file [output/CooMatrix/chr20_100kb_RawObserved.ccmap] and [/home/ra
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chr21/MAPQGE30/chr21_10(

genMapFromLists: Total number of data in input file: 60664
genMapFromLists:Minimum base-pair: 9400000 and Maximum base-pair: 48100000 are present in input

save_ccmap: Saving ccmap to file [output/CooMatrix/chr2l_100kb_RawObserved.ccmap] and [/home/ra
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Extracting—Reading [100kb_resolution_intrachromosomal/chr22/MAPQGE30/chr22_10

genMapFromLists: Total number of data in input file: 59429
genMapFromLists:Minimum base-pair: 16000000 and Maximum base-pair: 51200000 are present in input
genMapFromLists:Shape of overall map: (513, 513)

save_ccmap: Saving ccmap to file [output/CooMatrix/chr22_100kb_RawObserved.ccmap] and [/home/ra
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

Now, in output directory, all files from archive are saved. These files can be used either with browser to visualize or
for further analysis.

Convert to gcmap file

The contact map files can be converted to gcmap format file.

See also:

* Function gcMapExplorer.lib.importer.CooMatrixHandler.save_gcmap () for more details.
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In [7]: tarfile = 'data/CooMatrixFormat/100kb_resolution_intrachromosomal.tar.gz'

INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:
INFO:
INFO:
:addCCMap2GCMap: Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

INFO

INFO:

INFO

INFO:
INFO:
INFO:

chroms = [1, 5, 15, 20, 21, 22] # List of chromosomes

# Loop for each chromosome

inputFilelist = []

outputFilelList = []

xlabels = []

for chrom in chroms:
mapfile = '100kb_resolution_intrachromosomal/chr{0}/MAPQGE30/chr{0}_100kb.RAWobserved'
inputFilelList.append (mapfile)

output_file = 'output/CooMatrix/chr{0}_100kb_RawObserved.ccmap' .format (chrom) # Outj
outputFilelList.append (output_file)

xlabels.append( 'chr{0}'.format (chrom) )

cooReader = gmlib.importer.CooMatrixHandler (inputFileList, tarfile)
cooReader.save_gcmap ('output/CooMatrix/rawObserved_100kb.gcmap', xlabels=xlabels, coarsingMef

CooMatrixHandler: Extracting-Reading [100kb_resolution_intrachromosomal/chrl/MAPQGE30/chrl_100Kk!
CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chrl/I
genMapFromLists: Total number of data in input file: 2435300

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 249200000 are present in input data
genMapFromLists:Shape of overall map: (2493, 2493)

addCCMap2GCMap: Opened file [output/CooMatrix/rawObserved_100kb.gcmap] for reading writing..
addCCMap2GCMap: Adding data to [output/CooMatrix/rawObserved_100kb.gcmap] for [chrl]

addCCMap2GCMap: ...Finished adding data for [chrl]
addCCMap2GCMap: Generating downsampled maps for [chrl]
addCCMap2GCMap: ... Finished downsampling for [chrl]

addCCMap2GCMap: Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chr5/MAPQGE30/chr5_100Kk!
CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chr5/1
genMapFromLists: Total number of data in input file: 1533205

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 180800000 are present in input data

:genMapFromLists:Shape of overall map: (1809, 1809)

addCCMap2GCMap: Opened file [output/CooMatrix/rawObserved_100kb.gcmap] for reading writing..
addCCMap2GCMap: Adding data to [output/CooMatrix/rawObserved_100kb.gcmap] for [chr5]

addCCMap2GCMap : ...Finished adding data for [chr5]
addCCMap2GCMap: Generating downsampled maps for [chr5]
addCCMap2GCMap: ... Finished downsampling for [chr5]

CooMatrixHandler: Extracting—-Reading [100kb_resolution_intrachromosomal/chrl5/MAPQGE30/chrl5_10(

:CooMatrixHandler: ...Finished extracting and reading [100kb_resolution_intrachromosomal/chrl5
INFO:
INFO:
INFO:

genMapFromLists: Total number of data in input file: 318258
genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102500000 are present in inp:t
genMapFromLists:Shape of overall map: (1026, 1026)

addCCMap2GCMap: Opened file [output/CooMatrix/rawObserved_100kb.gcmap] for reading writing..
addCCMap2GCMap: Adding data to [output/CooMatrix/rawObserved_100kb.gcmap] for [chrl5]
addCCMap2GCMap : ...Finished adding data for [chrl5]
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INFO

INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:

INFO

INFO:
INFO:

INFO:
INFO:
INFO:

INFO

INFO:

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:

INFO

INFO:
INFO:

:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

:genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
:genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:

Generating downsampled maps for [chrl5]
Finished downsampling for [chrl5]
Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

Extracting-Reading [100kb_resolution_intrachromosomal/chr20/MAPQGE30/chr20_10(

...Finished extracting and reading [100kb_resolution_intrachromosomal/chr20
Total number of data in input file: 179488
0 and Maximum base-pair:
(630, 630)

62900000 are present in input data

Opened file [output/CooMatrix/rawObserved_100kb.gcmap]
Adding data to [output/CooMatrix/rawObserved_100kb.gcmap]
...Finished adding data for [chr20]
Generating downsampled maps for [chr20]
Finished downsampling for [chr20]
Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

for reading writing..
for [chr20]

Extracting-Reading [100kb_resolution_intrachromosomal/chr21/MAPQGE30/chr21_10(

...Finished extracting and reading [100kb_resolution_intrachromosomal/chr21,
Total number of data in input file: 60664
9400000 and Maximum base-pair:
(482, 482)

48100000 are present in input

Opened file [output/CooMatrix/rawObserved_100kb.gcmap]
Adding data to [output/CooMatrix/rawObserved_100kb.gcmap]
...Finished adding data for [chr2l]
Generating downsampled maps for [chr2l]
Finished downsampling for [chr2l]
Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

for reading writing..
for [chr2l]

Extracting-Reading [100kb_resolution_intrachromosomal/chr22/MAPQGE30/chr22_10(

...Finished extracting and reading [100kb_resolution_intrachromosomal/chr22,
Total number of data in input file: 59429
16000000 and Maximum base-pair:
(513, 513)

51200000 are present in inpuf

Opened file [output/CooMatrix/rawObserved_100kb.gcmap]
Adding data to [output/CooMatrix/rawObserved_100kb.gcmap]
...Finished adding data for [chr22]
Generating downsampled maps for [chr22]
Finished downsampling for [chr22]
Closed file [output/CooMatrix/rawObserved_100kb.gcmap]...

for reading writing..
for [chr22]

2. From HOMER Hi-C interaction matrix format

HOMER package contains modules to analyze genome wide interaction data. It creates Hi-C matrix in a specific

format as shown in this link.
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Covert to ccmap

An example input file human_INL_samplel _matrix_1Mb_raw.txt is presentin data/HomerFormat di-
rectory. Below, we read it and convert it to . ccmap formats. The input file contains several chromosomes, therefore,
several . ccmap files will be generated for each respective chromosome.

Ouput . ccmap files with suffix="'_samplel' will be saved in output/homer directory.

See also:

Class gcMapExplorer.lib.importer.HomerInputHandler () for more details.

In [8]: # Initialize

INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO

homer_reader = gmlib.importer.HomerInputHandler ('data/HomerFormat/human_INL_samplel_matrix_11}

# Convert and save
homer_reader.save_ccmaps ('output/homer', suffix='_samplel"')

# Delete all temporary files, neccessary, automatically deleted
del homer_reader

HomerInputHandler: Getting chromosome list and resolution from Input Files
HomerInputHandler: Resolution: 1mb
HomerInputHandler: Following chromsomes found in input files:

chrl

chr2

chr3

chr4

chrb

chro6

chr7

chrs8

chr9

chrl0

chrll

chrlz

chrl3

chrl4

chrl5

chrlé6

chrl?

chrlsg

chrl?9

chr20

chr21

chr22

chrMT

chrX

chry
HomerInputHandler: Reading [data/HomerFormat/human_INL_samplel _matrix_1Mb_raw.txt] file
HomerInputHandler: ... Finished reading [data/HomerFormat/human_INL_samplel_matrix_1M!
CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl_os2op88v.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl_os2op!
genMapFromLists: Total number of data in input file: 40344
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 249000000 are present in input data
genMapFromLists:Shape of overall map: (250, 250)

:save_ccmap: Saving ccmap to file [output/homer/chrl_lmb__ samplel.ccmap] and [/home/rajendra/wor]
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!
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INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2_s2nazOmw.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr2_s2naz
INFO:genMapFromLists: Total number of data in input file: 46886

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 243000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (244, 244)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr2_1lmb__samplel.ccmap] and [/home/rajendra/wor]
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr3_2wk5lmvy.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr3_2wk51r
INFO:genMapFromLists: Total number of data in input file: 33308

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 197000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (198, 198)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr3_Ilmb___samplel.ccmap] and [/home/rajendra/wor]
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr4_r259nr74.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr4_r259n;
INFO:genMapFromLists: Total number of data in input file: 29054

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 191000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (192, 192)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrd_Imb___samplel.ccmap] and [/home/rajendra/wor]
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr5_iw9vukuv.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr5_iw9vul
INFO:genMapFromLists: Total number of data in input file: 26286

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 180000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (181, 181)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr5_Imb___samplel.ccmap] and [/home/rajendra/wor]
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr6_r950le3v.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr6_r9501c¢
INFO:genMapFromLists: Total number of data in input file: 25032

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 171000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (172, 172)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr6_Ilmb__ samplel.ccmap] and [/home/rajendra/wor]
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INFO

INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpr
INFO:

INFO

INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
INFO:

INFO

INFO:
INFO:

INFO

INFO
INFO

INFO

INFO:
INFO:
INFO:

INFO:
INFO:
:genMapFromLists: Total number of data in input file: 15429
INFO:
INFO:

INFO

:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpr
INFO:

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr7_9fjgOvyg.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr7_9fjg0s
genMapFromLists: Total number of data in input file: 20748

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 159000000 are present in input data
genMapFromLists:Shape of overall map: (160, 160)

save_ccmap: Saving ccmap to file [output/homer/chr7_lmb__samplel.ccmap] and [/home/rajendra/wor]

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr8_f6aj3gtd.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr8_f6aj3«
genMapFromLists: Total number of data in input file: 18371

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 146000000 are present in input data
genMapFromLists:Shape of overall map: (147, 147)

save_ccmap: Saving ccmap to file [output/homer/chr8_lmb__ samplel.ccmap] and [/home/rajendra/wor]

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr9_aeb9ztst.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr9_aeb9zt

:genMapFromLists: Total number of data in input file: 11414
INFO:
INFO:

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 141000000 are present in input data
genMapFromLists:Shape of overall map: (142, 142)

:save_ccmap: Saving ccmap to file [output/homer/chr9_lmb__ samplel.ccmap] and [/home/rajendra/wor]
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
INFO:

save_ccmap: Finished!!!

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl0_38y06zud.tmp]...
INFO:
INFO:
INFO:
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl0_38y0
genMapFromLists: Total number of data in input file: 15560

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 135000000 are present in input data
genMapFromLists:Shape of overall map: (136, 136)

save_ccmap: Saving ccmap to file [output/homer/chrl0_Imb__ samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrll_ftyreanw.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrll_ftyre

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 134000000 are present in input data
genMapFromLists:Shape of overall map: (135, 135)
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INFO:save_ccmap: Saving ccmap to file [output/homer/chrll_lmb_ samplel.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl2_dd_54_jc.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl2_dd_5:
INFO:genMapFromLists: Total number of data in input file: 14928

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 133000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (134, 134)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl2_lmb_ samplel.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl3_lprd76h8.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl3_lprd’
INFO:genMapFromLists: Total number of data in input file: 8675

INFO:genMapFromLists:Minimum base-pair: 19000000 and Maximum base-pair: 115000000 are present in inpt
INFO:genMapFromLists:Shape of overall map: (116, 116)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl3_lmb__ samplel.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl4d_gpyOw_ia.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl4_gpyOr
INFO:genMapFromLists: Total number of data in input file: 7245

INFO:genMapFromLists:Minimum base-pair: 19000000 and Maximum base-pair: 107000000 are present in inp:n
INFO:genMapFromLists:Shape of overall map: (108, 108)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl4_lmb__ samplel.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl5_jlzwvcxg.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl5_7jlzws
INFO:genMapFromLists: Total number of data in input file: 6249

INFO:genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102000000 are present in inpt
INFO:genMapFromLists:Shape of overall map: (103, 103)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl5_lmb__samplel.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl6_o789%hlat.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl6_o7809l
INFO:genMapFromLists: Total number of data in input file: 5629
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INFO

INFO:

INFO
INFO

INFO:

INFO

INFO

INFO:
INFO:
INFO:
:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl8_9zacbpdb.tmp]...
INFO:
INFO:
:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 78000000 are present in input data
INFO:

INFO

INFO

INFO:
INFO:
INFO:

INFO:
:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl9_dalh,
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:

INFO

INFO
INFO

INFO:
INFO:
INFO:

INFO:
:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr2l_ianO¢
INFO:
INFO:
INFO:

INFO

:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 90000000 are present in input data
INFO:

genMapFromLists:Shape of overall map: (91, 91)

save_ccmap: Saving ccmap to file [output/homer/chrlé_lmb__samplel.ccmap] and [/home/rajendra/wo:

:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
:save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl7_pbw8e3tc.tmp]...

:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl7_pbws«
INFO:
:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 81000000 are present in input data
INFO:

genMapFromLists: Total number of data in input file: 5650
genMapFromLists:Shape of overall map: (82, 82)

save_ccmap: Saving ccmap to file [output/homer/chrl7_1lmb__samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl8_9zacl
genMapFromLists: Total number of data in input file: 5581

genMapFromLists:Shape of overall map: (79, 79)

save_ccmap: Saving ccmap to file [output/homer/chrl8_1lmb__samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl9_dalh_3r7.tmp]...

genMapFromLists: Total number of data in input file: 3012
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 59000000 are present in input data
genMapFromLists:Shape of overall map: (60, 60)

save_ccmap: Saving ccmap to file [output/homer/chrl9_1mb__ samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
save_ccmap: Finished!!!

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr20_sftox467.tmp]...
INFO:
:genMapFromLists: Total number of data in input file: 3563

:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 62000000 are present in input data
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr20_sfto:

genMapFromLists:Shape of overall map: (63, 63)

save_ccmap: Saving ccmap to file [output/homer/chr20_Imb__ samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2l_ianOewc5.tmp]...

genMapFromLists: Total number of data in input file: 1266
genMapFromLists:Minimum base-pair: 9000000 and Maximum base-pair: 48000000 are present in input
genMapFromLists:Shape of overall map: (49, 49)
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INFO:
INFO:
INFO:
INFO:
:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr22_wi3r
INFO:
INFO:
INFO:

INFO

INFO

INFO

INFO:
INFO:
INFO:
INFO:
INFO:
:genMapFromLists: Total number of data in input file: 20634
INFO:
INFO:

INFO

INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
INFO:

INFO

save_ccmap: Saving ccmap to file [output/homer/chr2l_Imb__ samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr22_wi3r03j3.tmp]...

genMapFromLists: Total number of data in input file: 1222
genMapFromLists:Minimum base-pair: 16000000 and Maximum base-pair: 51000000 are present in input
genMapFromLists:Shape of overall map: (52, 52)

:save_ccmap: Saving ccmap to file [output/homer/chr22_lmb__ samplel.ccmap] and [/home/rajendra/wo:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrMT_fw97g5wp.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrMT_fw97«
genMapFromLists: Total number of data in input file: 1

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 0 are present in input data

:genMapFromLists:Shape of overall map: (1, 1)

save_ccmap: Saving ccmap to file [output/homer/chrMT_Imb__samplel.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrX_elhpf37f.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrX_elhpf!

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 155000000 are present in input data
genMapFromLists:Shape of overall map: (156, 156)

save_ccmap: Saving ccmap to file [output/homer/chrX_lmb__ samplel.ccmap] and [/home/rajendra/wor]
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrY_ixqgiqv7f.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrY_ixqgiqs
genMapFromLists: Total number of data in input file: 18

genMapFromLists:Minimum base-pair: 3000000 and Maximum base-pair: 59000000 are present in input
genMapFromLists:Shape of overall map: (60, 60)

:save_ccmap: Saving ccmap to file [output/homer/chrY_lmb__ samplel.ccmap] and [/home/rajendra/wor]
INFO:
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!
HomerInputHandler: Saved ['output/homer/chrl_Imb__samplel.ccmap', 'output/homer/chr2_Imb__ sampl¢

Convert from zip file to ccmap file

An example input zip file human_INL.zip is present in data/HomerFormat directory. This zip file contains
two text files. Below, we read, combine and convert them to . ccmap formats. The input file contains several chro-
mosomes, therefore, several . ccmap files will be generated for each respective chromosome.

Ouput . ccmap files with suffix="_combined"' will be saved in output /homer directory.
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In [9]: # Name of input ZIP file

INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl_i_ryor9d.tmp]...
INFO:
INFO:
INFO:
INFO:

INFO

INFO

INFO:
INFO:

inputCompressedFile = 'data/HomerFormat/human_INL.zip'

# List of files inside zip archive
files = ['human_INL_samplel_matrix_1Mb_raw.txt', 'human_INL_sample2_matrix_1Mb_raw.txt']

# Initialize
homer_reader = gmlib.importer.HomerInputHandler (files, inputCompressedFile)
homer_reader.save_ccmaps ('output/homer', suffix='_combined')

# Delete all temporary files, not neccessary, automatically deleted after
del homer_reader

HomerInputHandler: Getting chromosome list and resolution from Input Files
HomerInputHandler: Resolution: 1mb
HomerInputHandler: Following chromsomes found in input files:

chrl

chr2

chr3

chr4

chrb

chré

chr7

chr8

chr9

chrl0

chrll

chrl2

chrl3

chrl4

chrlb

chrl6

chrl?7

chrl8

chrl9

chr20

chr21

chr22

chrMT

chrX

chry
HomerInputHandler: Reading [human_INL_samplel_matrix_1Mb_raw.txt] file
HomerInputHandler: ... Finished reading [human_INL_samplel_matrix_1Mb_raw.txt] file
HomerInputHandler: Reading [human_INL_sample2_matrix_1Mb_raw.txt] file
HomerInputHandler: ... Finished reading [human_INL_sample2_matrix_1Mb_raw.txt] file

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl_i_ryo
genMapFromLists: Total number of data in input file: 73792

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 249000000 are present in input data
genMapFromLists:Shape of overall map: (250, 250)

:save_ccmap: Saving ccmap to file [output/homer/chrl_lmb__combined.ccmap] and [/home/rajendra/wo:
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2_hxgi9bkg.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr2_hxgi9!
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INFO:genMapFromLists: Total number of data in input file: 84760

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 243000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (244, 244)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr2_Imb__ combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr3_prx9c7j6.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr3_prx9c
INFO:genMapFromLists: Total number of data in input file: 61102

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 197000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (198, 198)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr3_Imb__ combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr4_5xdu3keu.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr4_5xdu3]
INFO:genMapFromLists: Total number of data in input file: 52272

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 191000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (192, 192)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr4_Imb__ combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr5_3_erl3g3.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr5_3_erl!:
INFO:genMapFromLists: Total number of data in input file: 47594

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 180000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (181, 181)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr5_1mb__ combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr6_csbsml51.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr6_csbsm!
INFO:genMapFromLists: Total number of data in input file: 46347

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 171000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (172, 172)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr6_lmb__ combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!
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INFO

INFO:
INFO:
INFO:

INFO

INFO

INFO

INFO:
INFO:

INFO

INFO

INFO

INFO:
INFO:
INFO:

INFO:

INFO

INFO

INFO:
INFO:
INFO:

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr7_jgvfl8tf.tmp]...
INFO:
INFO:
INFO:
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr7_jgvfl!
genMapFromLists: Total number of data in input file: 38192

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 159000000 are present in input data
genMapFromLists:Shape of overall map: (160, 160)

save_ccmap: Saving ccmap to file [output/homer/chr7_lmb__ combined.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr8_s_mm4_31.tmp]...
INFO:
INFO:
INFO:
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr8_s_mm4.
genMapFromLists: Total number of data in input file: 34554

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 146000000 are present in input data
genMapFromLists:Shape of overall map: (147, 147)

:save_ccmap: Saving ccmap to file [output/homer/chr8_lmb__combined.ccmap] and [/home/rajendra/wo:
INFO:
INFO:

save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr9_wdhdr7ju.tmp]...
INFO:
INFO:
INFO:
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr9_wdhdr’
genMapFromLists: Total number of data in input file: 21457

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 141000000 are present in input data
genMapFromLists:Shape of overall map: (142, 142)

save_ccmap: Saving ccmap to file [output/homer/chr9_lmb__combined.ccmap] and [/home/rajendra/wo:
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn

:save_ccmap: Finished!!!

:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl0_df0_3_ht.tmp]...
INFO:
INFO:
INFO:

CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr10_df0_:
genMapFromLists: Total number of data in input file: 29188
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 135000000 are present in input data

:genMapFromLists:Shape of overall map: (136, 136)

save_ccmap: Saving ccmap to file [output/homer/chrl0_Ilmb__combined.ccmap] and [/home/rajendra/w
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrll_7zjn_yhb.tmp]...

:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrll_7z7jn.
INFO:
INFO:

genMapFromLists: Total number of data in input file: 28920
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 134000000 are present in input data

:genMapFromLists:Shape of overall map: (135, 135)

save_ccmap: Saving ccmap to file [output/homer/chrll_Imb__combined.ccmap] and [/home/rajendra/w
save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
save_ccmap: Finished!!!
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INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl2_11i6w590.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl2_111i6v
INFO:genMapFromLists: Total number of data in input file: 27766

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 133000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (134, 134)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl2_lmb__combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl3_gd4hwjtpc.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl3_g4hw:
INFO:genMapFromLists: Total number of data in input file: 16584

INFO:genMapFromLists:Minimum base-pair: 19000000 and Maximum base-pair: 115000000 are present in inp:t
INFO:genMapFromLists:Shape of overall map: (116, 116)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl3_lmb__combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl4_dbnjdad5.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl4d_dbnic
INFO:genMapFromLists: Total number of data in input file: 13904

INFO:genMapFromLists:Minimum base-pair: 19000000 and Maximum base-pair: 107000000 are present in inpt
INFO:genMapFromLists:Shape of overall map: (108, 108)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrld_lmb__combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl5_jté6wossl.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl5_7jt6wc
INFO:genMapFromLists: Total number of data in input file: 12006

INFO:genMapFromLists:Minimum base-pair: 20000000 and Maximum base-pair: 102000000 are present in inpn
INFO:genMapFromLists:Shape of overall map: (103, 103)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl5_lmb___combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl6_a5qgfcg7h.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrlé_abgf«
INFO:genMapFromLists: Total number of data in input file: 10808

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 90000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (91, 91)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrl6_lmb__ combined.ccmap] and [/home/rajendra/we
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INFO

INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpr
INFO:

INFO

INFO:
INFO:
INFO:
:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 78000000 are present in input data
INFO:

INFO

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
INFO:

INFO

INFO:
INFO:

INFO

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
INFO:
INFO:
:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr20_cqgoy:
:genMapFromLists: Total number of data in input file: 6974

INFO:
INFO:

INFO

INFO
INFO

INFO:
:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outp
INFO:

INFO

INFO:

INFO

INFO:

:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpr
INFO:

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl7_g_x4gxnl.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl7_g_x4c«
genMapFromLists: Total number of data in input file: 10918

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 81000000 are present in input data
genMapFromLists:Shape of overall map: (82, 82)

save_ccmap: Saving ccmap to file [output/homer/chrl7_1mb__combined.ccmap] and [/home/rajendra/w

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl8_3j200eps4.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl8_73200¢
genMapFromLists: Total number of data in input file: 10852

genMapFromLists:Shape of overall map: (79, 79)

save_ccmap: Saving ccmap to file [output/homer/chrl8_Ilmb__combined.ccmap] and [/home/rajendra/w

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl9_ct8lmtsl.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl9_ct81lrs

:genMapFromLists: Total number of data in input file: 5892
INFO:
INFO:

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 59000000 are present in input data
genMapFromLists:Shape of overall map: (60, 60)

save_ccmap: Saving ccmap to file [output/homer/chrl9_1mb__ combined.ccmap] and [/home/rajendra/w
save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr20_cqgoy4i8p.tmp]...
genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 62000000 are present in input data
genMapFromLists:Shape of overall map: (63, 63)

save_ccmap: Saving ccmap to file [output/homer/chr20_Ilmb__combined.ccmap] and [/home/rajendra/w

save_ccmap: Finished!!!

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2l_caryb9ul.tmp]...

:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr2l_caryl
INFO:
INFO:
INFO:

genMapFromLists: Total number of data in input file: 2474
genMapFromLists:Minimum base-pair: 9000000 and Maximum base-pair: 48000000 are present in input
genMapFromLists:Shape of overall map: (49, 49)

save_ccmap: Saving ccmap to file [output/homer/chr2l_1mb__combined.ccmap] and [/home/rajendra/w
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INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr22_wcokll2m.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr22_wcok
INFO:genMapFromLists: Total number of data in input file: 2436

INFO:genMapFromLists:Minimum base-pair: 16000000 and Maximum base-pair: 51000000 are present in inpuf
INFO:genMapFromLists:Shape of overall map: (52, 52)

INFO:save_ccmap: Saving ccmap to file [output/homer/chr22_lmb__combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrMT_gvc3k3gz.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrMT_gvc3]

INFO:genMapFromLists: Total number of data in input file: 2
INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 0 are present in input data
INFO:genMapFromLists:Shape of overall map: (1, 1)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrMT_lmb__combined.ccmap] and [/home/rajendra/we
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt

INFO:save_ccmap: Finished!!!
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrX_c688spaz.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrX_c688sy

INFO:genMapFromLists: Total number of data in input file: 37926
INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 155000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (156, 156)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrX_1lmb__combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrY_tdt_hzhm.tmp]...
INFO:CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrY_tdt_h:
INFO:genMapFromLists: Total number of data in input file: 29

INFO:genMapFromLists:Minimum base-pair: 3000000 and Maximum base-pair: 59000000 are present in input
INFO:genMapFromLists:Shape of overall map: (60, 60)

INFO:save_ccmap: Saving ccmap to file [output/homer/chrY_Imb__combined.ccmap] and [/home/rajendra/wo:
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

INFO:HomerInputHandler: Saved ['output/homer/chrl_lmb__combined.ccmap', 'output/homer/chr2_lmb__comb:

Convert to gcmap

An example input file human_INL_samplel_matrix_1Mb_raw.txt is presentin data/HomerFormat di-
rectory. Below, we read it and convert it to . gcmap format. The input file contains several chromosomes, and all
contact maps will be added to gcmap file.

Ouput human_INL_samplel_matrix_1Mb_raw.gcmap files will be saved in output /homer directory.

In [10]: # Initialize
homer_reader = gmlib.importer.HomerInputHandler ('data/HomerFormat/human_INL_samplel_matrix_:
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INFO:
INFO:
INFO:

INFO

INFO:
:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for [chrl]
INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:
INFO:
INFO:

# Convert and save
homer_reader.save_gcmap ('output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap',
coarsingMethod="'sum', compression='lzf'

# Delete all temporary files, neccessary, automatically deleted
del homer_reader

HomerInputHandler: Getting chromosome list and resolution from Input Files
HomerInputHandler: Resolution: 1lmb
HomerInputHandler: Following chromsomes found in input files:
chrl
chr2
chr3
chr4
chrb
chro6
chr7
chr8
chr9
chrl0
chrll
chrl2
chrl3
chrl4
chrlb
chrlé6
chrl?7
chrl8
chrl?9
chr20
chr21
chr22
chrMT
chrX
chry

:HomerInputHandler: Reading [data/HomerFormat/human_INL_samplel_matrix_1Mb_raw.txt] file
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

HomerInputHandler: ... Finished reading [data/HomerFormat/human_INIL_samplel_matrix_1M!
CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl_miekaOwf.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chrl_mieka
genMapFromLists: Total number of data in input file: 40344

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 249000000 are present in input data
genMapFromLists:Shape of overall map: (250, 250)

addCCMap2GCMap: Opened file [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for reading w:

addCCMap2GCMap : ...Finished adding data for [chrl]
addCCMap2GCMap: Generating downsampled maps for [chrl]
addCCMap2GCMap: ... Finished downsampling for [chrl]

addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...

CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2_okklflOb.tmp]...
CooMatrixHandler: ... Finished reading file: [/home/rajendra/deskForWork/scratch/chr2_okklf!
genMapFromLists: Total number of data in input file: 46886

genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 243000000 are present in input data
genMapFromLists:Shape of overall map: (244, 244)
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INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel matrix I1Mb_raw.gcmap] for reading w:
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chr2]
INFO:addCCMap2GCMap: ...Finished adding data for [chr2]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr2]

INFO:addCCMap2GCMap: Finished downsampling for [chr2]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr3_oma3j6zf.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr3_oma3j!
INFO:genMapFromLists: Total number of data in input file: 33308

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 197000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (198, 198)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix 1Mb_raw.gcmap] for reading w:
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap] for [chr3]
INFO:addCCMap2GCMap: ...Finished adding data for [chr3]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr3]

INFO:addCCMap2GCMap: Finished downsampling for [chr3]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr4_dp4j9gbn.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr4_dp4j9c
INFO:genMapFromLists: Total number of data in input file: 29054

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 191000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (192, 192)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for [chr4]
INFO:addCCMap2GCMap: ...Finished adding data for [chr4]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr4]

INFO:addCCMap2GCMap: Finished downsampling for [chr4]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr5_3kjhgkcg.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr5_3kjhgl
INFO:genMapFromLists: Total number of data in input file: 26286

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 180000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (181, 181)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap] for [chr5]
INFO:addCCMap2GCMap: ...Finished adding data for [chr5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr5]

INFO:addCCMap2GCMap: Finished downsampling for [chr5]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr6_fgd2yomx.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr6_fqgd2y«
INFO:genMapFromLists: Total number of data in input file: 25032

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 171000000 are present in input data
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INFO:
INFO:
INFO:

INFO

INFO:
INFO:

INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:
INFO:

INFO
INFO

INFO:

INFO

INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO:
INFO:
INFO:
INFO:

INFO

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO

INFO:

:genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap :

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
:genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
:addCCMap2GCMap:

CooMatrixHandler:
:CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
:genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :

:CooMatrixHandler:
CooMatrixHandler:

(172, 172)
Opened file [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chr6]
Generating downsampled maps for [chr6]
Finished downsampling for [chr6]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chre6]

[/home/rajendra/deskForWork/scratch/chr7_kett40gt.tmp]...

Finished reading file: [/home/rajendra/deskForWork/scratch/chr7_kett4l
Total number of data in input file: 20748
0 and Maximum base-pair:
(160, 160)

Reading file:

159000000 are present in input data

Opened file [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chr7]
Generating downsampled maps for ([chr7]
Finished downsampling for [chr7]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chr7]

[/home/rajendra/deskForWork/scratch/chr8_9lozz3u5.tmp]...

Finished reading file: [/home/rajendra/deskForWork/scratch/chr8_9lozz!
Total number of data in input file: 18371
0 and Maximum base-pair:
(147, 147)

Reading file:

146000000 are present in input data

Opened file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chr8]
Generating downsampled maps for [chr8]
Finished downsampling for [chr8]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:

for [chr8]

Reading file: [/home/rajendra/deskForWork/scratch/chr9_6pw9sy7n.tmp]...

Finished reading file: [/home/rajendra/deskForWork/scratch/chr9_6pw9Is:
Total number of data in input file: 11414
0 and Maximum base-pair:
(142, 142)

141000000 are present in input data

Opened file [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chr9]
Generating downsampled maps for [chr9]
Finished downsampling for [chr9]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:

for [chr9]

[/home/rajendra/deskForWork/scratch/chrl0_5alusogc.tmp]...
[/home/rajendra/deskForWork/scratch/chrl0_5alu:

Reading file:
Finished reading file:
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INFO:genMapFromLists: Total number of data in input file: 15560

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 135000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (136, 136)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrl0
INFO:addCCMap2GCMap: ...Finished adding data for [chrl0]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl0]

INFO:addCCMap2GCMap: Finished downsampling for [chrlO0]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrll_h8niwp57.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chrll_h8nixs
INFO:genMapFromLists: Total number of data in input file: 15429

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 134000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (135, 135)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrll
INFO:addCCMap2GCMap: ...Finished adding data for [chrll]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrll]

INFO:addCCMap2GCMap: Finished downsampling for [chrll]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl2_m49jetry.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chrl2_m49j
INFO:genMapFromLists: Total number of data in input file: 14928

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 133000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (134, 134)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for [chrl2
INFO:addCCMap2GCMap: ...Finished adding data for [chrl2]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl2]

INFO:addCCMap2GCMap: Finished downsampling for [chrl2]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl3_r_9jh_ix.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chrl3_r_97l
INFO:genMapFromLists: Total number of data in input file: 8675

INFO:genMapFromLists:Minimum base-pair: 19000000 and Maximum base-pair: 115000000 are present in inpn
INFO:genMapFromLists:Shape of overall map: (116, 116)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrl3
INFO:addCCMap2GCMap: ...Finished adding data for [chrl3]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl3]

INFO:addCCMap2GCMap: Finished downsampling for [chrl3]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
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addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
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addCCMap2GCMap:
addCCMap2GCMap:

CooMatrixHandler:
:CooMatrixHandler:
:genMapFromLists:

genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

addCCMap2GCMap :
:addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap :
CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

addCCMap2GCMap:
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :

CooMatrixHandler:
CooMatrixHandler:
genMapFromLists:

Reading file: [/home/rajendra/deskForWork/scratch/chrl4_nwt8hc33.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrl4_nwt8l

Total number of data in input file: 7245

19000000 and Maximum base-pair:

(108, 108)

107000000 are present in inpr

Opened file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap] for reading wi
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrld
...Finished adding data for [chrl4]
Generating downsampled maps for [chrl4]
Finished downsampling for [chrl4]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...
Reading file: [/home/rajendra/deskForWork/scratch/chrl5_qgmrbk201.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrl5_gmrb]
Total number of data in input file: 6249
20000000 and Maximum base-pair:
(103, 103)

102000000 are present in inpt

Opened file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chrl5]
Generating downsampled maps for [chrl5]
Finished downsampling for [chrl5]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chrl5

Reading file: [/home/rajendra/deskForWork/scratch/chrl6_pz3f626f.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrlé_pz3f!

Total number of data in input file: 5629

0 and Maximum base-pair:

(91, 91)

90000000 are present in input data

Opened file [output/homer/human_INIL_samplel _matrix_1Mb_raw.gcmap] for reading w:

Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrl6
...Finished adding data for [chrl6]
Generating downsampled maps for [chrl6]

Finished downsampling for [chrlé6]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...
Reading file: [/home/rajendra/deskForWork/scratch/chrl7_x0hhj027j.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrl7_x0hh
Total number of data in input file: 5650
0 and Maximum base-pair:
(82, 82)

81000000 are present in input data

Opened file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chrl7]
Generating downsampled maps for [chrl7]
Finished downsampling for [chrl7]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:

for [chrl7

Reading file: [/home/rajendra/deskForWork/scratch/chrl8_nwl3h912.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrl8_nwl3]
Total number of data in input file: 5581
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INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 78000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (79, 79)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix I1Mb_raw.gcmap] for reading w:
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chrl8
INFO:addCCMap2GCMap: ...Finished adding data for [chrl8]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl8]

INFO:addCCMap2GCMap: Finished downsampling for [chrl8]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chrl9_7b9xez8u.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chrl9_7b9xc
INFO:genMapFromLists: Total number of data in input file: 3012

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 59000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (60, 60)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading w:
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for [chrl9
INFO:addCCMap2GCMap: ...Finished adding data for [chrl9]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl9]

INFO:addCCMap2GCMap: Finished downsampling for [chrl9]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr20_gyrjopT7e.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr20_gyri«
INFO:genMapFromLists: Total number of data in input file: 3563

INFO:genMapFromLists:Minimum base-pair: 0 and Maximum base-pair: 62000000 are present in input data
INFO:genMapFromLists:Shape of overall map: (63, 63)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading w1
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chr20
INFO:addCCMap2GCMap: ...Finished adding data for [chr20]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr20]

INFO:addCCMap2GCMap: Finished downsampling for [chr20]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr2l_bp85hvdg.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr2l_bp85!
INFO:genMapFromLists: Total number of data in input file: 1266

INFO:genMapFromLists:Minimum base-pair: 9000000 and Maximum base-pair: 48000000 are present in input
INFO:genMapFromLists:Shape of overall map: (49, 49)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chr2l
INFO:addCCMap2GCMap: ...Finished adding data for [chr2l]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr2l]

INFO:addCCMap2GCMap: Finished downsampling for [chr21l]

INFO:addCCMap2GCMap: Closed file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]...
INFO:CooMatrixHandler: Reading file: [/home/rajendra/deskForWork/scratch/chr22_wstacf6u.tmp]...
INFO:CooMatrixHandler: Finished reading file: [/home/rajendra/deskForWork/scratch/chr22_wsta
INFO:genMapFromLists: Total number of data in input file: 1222

INFO:genMapFromLists:Minimum base-pair: 16000000 and Maximum base-pair: 51000000 are present in inpuf
INFO:genMapFromLists:Shape of overall map: (52, 52)

INFO:addCCMap2GCMap: Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap] for reading wi
INFO:addCCMap2GCMap: Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap] for [chr22
INFO:addCCMap2GCMap: ...Finished adding data for [chr22]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr22]
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CooMatrixHandler:
CooMatrixHandler:
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addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :

Finished downsampling for [chr22]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...
Reading file: [/home/rajendra/deskForWork/scratch/chrMT_2aig8exv.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrMT_2aig:
Total number of data in input file: 1
0 and Maximum base-pair:
(1, 1)

0 are present in input data

Opened file [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]
...Finished adding data for [chrMT]
Generating downsampled maps for [chrMT]
Finished downsampling for [chrMT]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chrMT

Reading file: [/home/rajendra/deskForWork/scratch/chrX_oxiy6jsb.tmp]...

Finished reading file: [/home/rajendra/deskForWork/scratch/chrX_oxiy6
Total number of data in input file: 20634
0 and Maximum base-pair:
(156, 156)

155000000 are present in input data

Opened file [output/homer/human_INIL_samplel _matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chrX]
Generating downsampled maps for [chrX]
Finished downsampling for [chrX]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chrX]

Reading file: [/home/rajendra/deskForWork/scratch/chrY_ 17 xumt7.tmp]...
Finished reading file: [/home/rajendra/deskForWork/scratch/chrY_ 17jxur

Total number of data in input file: 18

3000000 and Maximum base-pair:

(60, 60)

59000000 are present in input

Opened file [output/homer/human_INL_samplel_matrix_1Mb_raw.gcmap]
Adding data to [output/homer/human_INL_samplel _matrix_1Mb_raw.gcmap]
...Finished adding data for [chrY]
Generating downsampled maps for [chrY]
Finished downsampling for [chrY]
Closed file [output/homer/human_INIL_samplel_matrix_1Mb_raw.gcmap]...

for reading w:
for [chrY]

3. From Bin-Contact format

These types of files are present in following GEO data: * http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE61471 * http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34453

This format contains a pair of file: * bin file:
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cbin chr from.coord
1 2L O 160000 747
2 2L, 160000 320000
3 21, 320000 480000
4 21, 480000 640000
5 2L, 640000 800000
6 21, 800000 960000

to.coord

893
1056
1060
978
926

count

¢ Contact file in list format

cbinl cbin?2 expected_count observed_count
1 1 40.245201 21339

1 2 83.747499 5661

1 3 92.12501 1546

1 4 93.401273 864

1 5 87.265472 442

Convert to ccmap

A pair of example input files nm_none_160000.bins and nm_none_160000.n_contact is present in
data/binContactFormat directory. Below, we read it and convert it to . ccmap formats. The input file contains
several chromosomes, therefore, several . ccmap files will be generated for each respective chromosome.

Ouput . ccmap files will be saved in output/binContact directory.
See also:

Class gcMapExplorer.lib.importer.BinsNContactFilesHandler () for more details.

In [11]: # File names
binFile = 'data/binContactFormat/nm_none_160000.bins'
contactFile = 'data/binContactFormat/nm _none_160000.n_contact'

# Initialize

binContactReader = gmlib.importer.BinsNContactFilesHandler (binFile, contactFile)
# Save ccmaps
binContactReader.save_ccmaps ('output/binContact’)
INFO:BinsNContactFilesHandler: Chromosome Size:
3L : 24640000
3R : 28000000
4 : 1280000
: 22560000
2R : 21280000
2L : 23040000
INFO:BinsNContactFilesHandler: Chromosome Bins info:
3L: 'min': 278, 'max': 431
3R: 'min': 432, 'max': 606
4: 'min': 607, 'max': 614
'min': 615, 'max': 755
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BinsNContactFilesHandler:
:BinsNContactFilesHandler:

BinsNContactFilesHandler:
BinsNContactFilesHandler:

BinsNContactFilesHandler:
BinsNContactFilesHandler:

:BinsNContactFilesHandler:
BinsNContactFilesHandler:

BinsNContactFilesHandler:
BinsNContactFilesHandler:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

genMapFromLists:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

genMapFromLists:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

genMapFromLists:

:BinsNContactFilesHandler:

BinsNContactFilesHandler:

genMapFromLists:

Generating
Finished.

Generating
Finished.

Generating
Finished.

Generating
Finished.

Generating
Finished.

Generating
Finished.

Reading contact file

Generating Hi-C Map

Total number of data in input
genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

Finished

Generating Hi-C Map for

Total number of data in input file:
:genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

Finished

Generating Hi-C Map for

Total number of data in input file:
genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

Finished

Generating Hi-C Map for

Total number of data in input file:
genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

Finished

Generating Hi-C Map for

Total number of data in input file:
genMapFromLists:Minimum base-pair:

160000 and Maximum base-pair:

160000 and Maximum base-pair:

160000 and Maximum base-pair:

160000 and Maximum base-pair:

160000 and Maximum base-pair:

2R: 'min': 145, 'max': 277

2L: 'min': 1, 'max': 144
temporary numpy array file [/home/rajendra/deskForWork/scr:
temporary numpy array file [/home/rajendra/deskForWork/scr:
temporary numpy array file [/home/rajendra/deskForWork/scr:
temporary numpy array file [/home/rajendra/deskForWork/scr:
temporary numpy array file [/home/rajendra/deskForWork/scr:
temporary numpy array file [/home/rajendra/deskForWork/scr:

for [2L]

file: 20737

23040000 are present in input ¢

(145, 145)

[2R]

17689
21280000 are present in input ¢

(134, 134)

[3L]

23716
24640000 are present in input ¢

(155, 155)

[3R]

30625

28000000 are present in input ¢
176)

(176,

[4]

64
1280000 are present in input d
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INFO:
INFO:
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INFO:
INFO:
INFO:
INFO:

INFO

Convert to gcmap

:genMapFromLists:Shape of overall map:
BinsNContactFilesHandler:

BinsNContactFilesHandler:
:genMapFromLists:
INFO:
INFO:

genMapFromLists:Minimum base-pair:
genMapFromLists:Shape of overall map:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

BinsNContactFilesHandler:

save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
:save_ccmap:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:
save_ccmap:

(9, 9)
Finished

Generating Hi-C Map for [X]

Total number of data in input file: 19880
160000 and Maximum base-pair:
(142, 142)

22560000 are present in input «

Finished
Finished reading contact file.

Hi-C Maps Summary:

Chromosome Size Max. Min.
3L (155, 155) 25431.0 3.0
3R (176, 176) 22142.0 11.0
4 (9, 9) 18961.0 1182.0
X (142, 142) 11447.0 1.0
2R (134, 134) 20234.0 1.0
2L (145, 145) 24438.0 6.0

Saving ccmap to file [output/binContact/chr3L_160kb.ccmap] and [/home/rajendra/work:

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Saving ccmap to file [output/binContact/chr3R_160kb.ccmap] and [/home/rajendra/work:

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Saving ccmap to file [output/binContact/chr4_160kb.ccmap] and [/home/rajendra/worksy

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Saving ccmap to file [output/binContact/chrX_160kb.ccmap] and [/home/rajendra/worksy

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Saving ccmap to file [output/binContact/chr2R_160kb.ccmap] and [/home/rajendra/work:

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Saving ccmap to file [output/binContact/chr2l_160kb.ccmap] and [/home/rajendra/work:

Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

A pair of example input files nm_none_160000.bins and nm_none_160000.n_contact is present in
data/binContactFormat directory. Below, we read it and convert it to . gcmap formats. The input file contains
several chromosomes, all contact map will be added to the output gcmap.

Ouput raw_160kb . gcmap files will be saved in output /binContact directory.

In [12]: # Save gcmap

binContactReader.save_gcmap ('output/binContact/raw_160kb.gcmap', coarsingMethod='sum', comp:
INFO:addCCMap2GCMap: Opened file [output/binContact/raw_160kb.gcmap] for reading writing..
INFO:addCCMap2GCMap: Adding data to [output/binContact/raw_160kb.gcmap] for [chr3L]
INFO:addCCMap2GCMap: ...Finished adding data for [chr3L]
INFO:addCCMap2GCMap: Generating downsampled maps for [chr3L]
INFO:addCCMap2GCMap: Finished downsampling for [chr3L]
INFO:addCCMap2GCMap: Closed file [output/binContact/raw_160kb.gcmap]...
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addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap :
addCCMap2GCMap :
addCCMap2GCMap:
:addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:
addCCMap2GCMap:

Opened file J[output/binContact/raw_160kb.gcmap]
Adding data to [output/binContact/raw_160kb.gcmap]
...Finished adding data for [chr3R]
Generating downsampled maps for [chr3R]
Finished downsampling for [chr3R]
Closed file [output/binContact/raw_160kb.gcmap]...
Opened file [output/binContact/raw_160kb.gcmap]
Adding data to [output/binContact/raw_160kb.gcmap]
...Finished adding data for [chr4]
Generating downsampled maps for [chri4]
Finished downsampling for [chr4]
Closed file [output/binContact/raw_160kb.gcmap]...
Opened file J[output/binContact/raw_160kb.gcmap]

for [chr3R]

for [chr4]

Adding data to [output/binContact/raw_160kb.gcmap] for [chrX]
...Finished adding data for [chrX]
Generating downsampled maps for [chrX]

Finished downsampling for [chrX]
Closed file [output/binContact/raw_160kb.gcmap]...
Opened file [output/binContact/raw_160kb.gcmap]
Adding data to [output/binContact/raw_160kb.gcmap]
...Finished adding data for [chr2R]
Generating downsampled maps for [chr2R]
Finished downsampling for [chr2R]
Closed file [output/binContact/raw_160kb.gcmap]...
Opened file [output/binContact/raw_160kb.gcmap]

for [chr2R]

Adding data to [output/binContact/raw_160kb.gcmap] for [chr2L]
...Finished adding data for [chr2L]
Generating downsampled maps for [chr2L]

Finished downsampling for [chr2L]
Closed file [output/binContact/raw_160kb.gcmap]...

How to normalize Hi-C map?

To normalize a Hi-C map, several methods have been implemented.

* Matrix balancing algorithm by Knight and Ruiz

* Matrix balancing by Iterative Correction

* Normalized using Median Contact Frequency Scaling (MCFS)

Note: Following tutorial needs * . ccmap files, generated in previous tutorial.

See also:

Module gcMapExplorer.lib.normalizer for all implemented normalization methods in detail.

Matrix balancing algorithm by Knight and Ruiz

import gcMapExplorer.lib module

In

[1]:

import gcMapExplorer.lib as gmlib

import numpy as np

import os
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Directly Normalize and save ccmap file
In [2]: # Name of ccmap file with path
raw_ccmap_file = 'output/CooMatrix/chr22_100kb_RawObserved.ccmap'

# Name of output file
outFile = 'output/CooMatrix/normalized/chr22_100kb_normKR_direct.ccmap'

# Perform normalization and save to output file
gmlib.normalizer.normalizeCCMapByKR (raw_ccmap_file, outFile=outFile, memory='RAM')

INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chr22 map...

INFO:normalizer: ...Finished KR Normalization for chr22 map...

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/normalized/chr22_100kb_normKR_direct.ccmap] -
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

See also:
Function gcMapExplorer.1lib.normalizer.normalizeCCMapByKR () for more details.
Normalize and save Hi-C map thorough CCMAP object

* Load the ccmap as CCMAP object

* Normalize it

» Save as ccmap file

In [3]: # Load the ccmap file as CCMAP object
raw_ccmap = gmlib.ccmap.load_ccmap (raw_ccmap_file)

# Perform normalization and save to output file
norm_ccmap = gmlib.normalizer.normalizeCCMapByKR (raw_ccmap_file, memory='RAM')

# Save ccmap file
gmlib.ccmap.save_ccmap (norm_ccmap, 'output/CooMatrix/normalized/chr22_100kb_normKR.ccmap', c

# Remove CCMAP object from memory and generated temporary files
del raw_ccmap
del norm_ccmap

INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chr22 map...

INFO:normalizer: ...Finished KR Normalization for chr22 map...

INFO:save_ccmap: Saving ccmap to file [output/CooMatrix/normalized/chr22_100kb_normKR.ccmap] and [/he
INFO:save_ccmap: Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpt
INFO:save_ccmap: Finished!!!

See also:

Function gcMapExplorer.1ib.ccmap.load ccmap () for more details.

Whether using RAM and HDD yield same result

Here, we test whether using RAM and HDD yield same results. We also calculate total time taken for normalization.

In [4]: raw_ccmap = gmlib.ccmap.load_ccmap ('output/CooMatrix/chrl_100kb_RawObserved.ccmap')

print ('Time using RAM: ')
%$timeit norm_ram = gmlib.normalizer.normalizeCCMapByKR (raw_ccmap, memory='RAM')

print ('Time using HDD: ')
%$timeit norm_hdd = gmlib.normalizer.normalizeCCMapByKR (raw_ccmap, memory='HDD')
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INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO

Time

1 loop,

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

Time

1 loop,

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

If matrix from RAM and HDD are similar:

# Again renormalize
norm_hdd = gmlib.normalizer.normalizeCCMapByKR (raw_ccmap,

norm_ram
norm_ram
norm_hdd

print ('If matrix from RAM and HDD are similar: ',

make_readable ()
make_readable ()

del raw_ccmap
del norm_ram
del norm_hdd

normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:

:normalizer:
INFO:
INFO:
INFO:
INFO:

normalizer:
normalizer:
normalizer:
normalizer:

using RAM:
best of

normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:

using HDD:
best of

normalizer:
normalizer:
normalizer:
normalizer:
normalizer:
normalizer:

KR
KR

KR
KR

KR
KR

KR
KR

3:

KR
KR

KR
KR

KR
KR

KR
KR

3:

KR
KR

KR
KR

Normalization will be done through RAM.

Normalization is in process for chrl map..
...Finished KR Normalization for chrl

Normalization will be done through RAM.

gmlib.normalizer.normalizeCCMapByKR (raw_ccmap,

memory="HDD"'")
memory="RAM'")

np.allclose (norm_ram.matrix,

map. ..

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through RAM.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through RAM.

Normalization is in process for chrl map...
map. . .

...Finished KR Normalization for chrl

3.45 s per loop

Normalization will be done through HDD.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through HDD.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through HDD.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through HDD.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl

12 s per loop

Normalization will be done through HDD.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl
Normalization will be done through RAM.

Normalization is in process for chrl map...
map. ..

...Finished KR Normalization for chrl

True

Normalize and save all ccmaps

In [5]:

chroms =

(1,

5, 15, 20, 21]

# Loop for each chromosome
for chrom in chroms:

# List of chromosomes
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INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

input_file =
output_file

raw_
norm_ccmap
gmlib.ccmap.save_ccmap (norm_ccmap,

del
del

normalizer:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:

'output/CooMatrix/chr{0}_100kb_RawObserved.ccmap' .format (chrom)
'output/CooMatrix/normalized/chr{0}_100kb_normKR.ccmap' .format (chrom)

ccmap gmlib.ccmap.load_ccmap (input_file)
gmlib.normalizer.normalizeCCMapByKR (raw_ccmap,

output_file,

memory="'RAM',
compress=True)

workDir=o0s.get

raw_ccmap # Remove CCMAP object from memory and any related temporary files

norm_ccmap # Remove CCMAP object from memory and any related temporary files

KR Normalization will be done through RAM.
KR Normalization is in process for chrl map...
...Finished KR Normalization for chrl map...
Saving ccmap to file [output/CooMatrix/normalized/chrl_100kb_normKR.ccmap] and [/hor
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
KR Normalization will be done through RAM.
KR Normalization is in process for chr5 map...
...Finished KR Normalization for chr5 map...
Saving ccmap to file [output/CooMatrix/normalized/chr5_100kb_normKR.ccmap] and [/hor
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
KR Normalization will be done through RAM.
KR Normalization is in process for chrl5 map...
...Finished KR Normalization for chrl5 map...
Saving ccmap to file [output/CooMatrix/normalized/chrl5_100kb_normKR.ccmap] and [/he
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
KR Normalization will be done through RAM.
KR Normalization is in process for chr20 map...
...Finished KR Normalization for chr20 map...
Saving ccmap to file [output/CooMatrix/normalized/chr20_100kb_normKR.ccmap] and [/he
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
KR Normalization will be done through RAM.
KR Normalization is in process for chr2l map...
...Finished KR Normalization for chr2l map...
Saving ccmap to file [output/CooMatrix/normalized/chr21_100kb_normKR.ccmap] and [/he
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

All normalized ccmap files are saved in output directory.

Normalize all maps from a gcmap file using KR method

Maps stored in a gcmap files can be normalized and stored in another gecmap files.

for reading writin

In [6]: # Input raw gcmap file
raw_gcmap_file = 'output/CooMatrix/rawObserved_100kb.gcmap'
# Name of output gcmap file
normKR_gcmap_file = 'output/CooMatrix/normalized/normKR_100kb.gcmap'
# Perform normalization and save to output file
gmlib.normalizer.normalizeGCMapByKR (raw_gcmap_file, normKR_gcmap_file)
INFO:normalizer: KR Normalization will be done through RAM.
INFO:normalizer: KR Normalization is in process for chr2l map...
INFO:normalizer: ...Finished KR Normalization for chr2l map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap]
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INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chr2l]
INFO:addCCMap2GCMap: ...Finished adding data for [chr2l]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr2l]

INFO:addCCMap2GCMap: Finished downsampling for [chr21l]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...
INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chr22 map...

INFO:normalizer: ...Finished KR Normalization for chr22 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap] for reading writince
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chr22]
INFO:addCCMap2GCMap: ...Finished adding data for [chr22]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr22]

INFO:addCCMap2GCMap: Finished downsampling for [chr22]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...
INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chr20 map...

INFO:normalizer: ...Finished KR Normalization for chr20 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap] for reading writing
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chr20]
INFO:addCCMap2GCMap: ...Finished adding data for [chr20]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr20]

INFO:addCCMap2GCMap: Finished downsampling for [chr20]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...
INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chrl5 map...

INFO:normalizer: ...Finished KR Normalization for chrl5 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap] for reading writine
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chrl5]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl5]

INFO:addCCMap2GCMap: Finished downsampling for [chrl5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...
INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chr5 map...

INFO:normalizer: ...Finished KR Normalization for chr5 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap] for reading writine
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chr5]
INFO:addCCMap2GCMap: ...Finished adding data for [chr5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr5]

INFO:addCCMap2GCMap: Finished downsampling for [chr5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...
INFO:normalizer: KR Normalization will be done through RAM.

INFO:normalizer: KR Normalization is in process for chrl map...

INFO:normalizer: ...Finished KR Normalization for chrl map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normKR_100kb.gcmap] for reading writing
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normKR_100kb.gcmap] for [chrl]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl]

INFO:addCCMap2GCMap: Finished downsampling for [chrl]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normKR_100kb.gcmap]...

See also:

Function gcMapExplorer.lib.normalizer.normalizeGCMapByKR () for more details.
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Normalize by Iterative correction method

This method normalize the raw contact map by removing biases from experimental procedure. For more details, see
this publication.

See also:

Function gcMapExplorer.lib.normalizer.normalizeCCMapByIC () for more details.

In

INFO:

INFO

INFO
INFO

INFO:
INFO:
INFO:
INFO:

[7]:

chroms

[1, 5, 15, 20, 21] # List of chromosomes

# Loop for each chromosome
for chrom in chroms:

input_file =
output_file =

raw_
norm_ccmap =
gmlib.ccmap.save_ccmap (norm_ccmap,

del
del

normalizer:
:normalizer:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
:save_ccmap:
:normalizer:
normalizer:
save_ccmap:
save_ccmap:

save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:

save_ccmap:

'output/CooMatrix/chr{0}_100kb_RawObserved.ccmap' .format (chrom)
'output/CooMatrix/normalized/chr{0}_100kb_IC.ccmap' .format (chrom)
ccmap = gmlib.ccmap.load_ccmap (input_file)
gmlib.normalizer.normalizeCCMapByIC (raw_ccmap)
output_file, compress=True)
raw_ccmap
norm_ccmap

# Remove CCMAP object from memory and any related temporary files
# Remove CCMAP object from memory and any related temporary files

Iterative Correction is in process for chrl map...
...Finished Iterative Correction for chrl map...
Saving ccmap to file [output/CooMatrix/normalized/chrl_100kb_IC.ccmap] and [/home/r:
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Iterative Correction is in process for chrb5 map...
...Finished Iterative Correction for chr5 map...
Saving ccmap to file [output/CooMatrix/normalized/chr5_100kb_IC.ccmap] [/home/r:
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

and

Iterative Correction is in process for chrlb5 map...
...Finished Iterative Correction for chrl5 map...
Saving ccmap to file [output/CooMatrix/normalized/chrl5_100kb_IC.ccmap] and [/home/:
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Iterative Correction is in process for chr20 map...
...Finished Iterative Correction for chr20 map...
Saving ccmap to file [output/CooMatrix/normalized/chr20_100kb_IC.ccmap] and [/home/:
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Iterative Correction is in process for chr2l map...
...Finished Iterative Correction for chr2l map...
Saving ccmap to file [output/CooMatrix/normalized/chr2l1_100kb_IC.ccmap] and [/home/:
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Normalize all maps from a gcmap file using IC method

Maps stored in a gcmap files can be normalized and stored in another gecmap files.

In [8]: # Name of output gcmap file
normIC_gcmap_file = 'output/CooMatrix/normalized/normIC_100kb.gcmap'
# Perform normalization and save to output file
gmlib.normalizer.normalizeGCMapByIC (raw_gcmap_file, normIC_gcmap_file)
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INFO:normalizer: Iterative Correction is in process for chr2l map...

INFO:normalizer: ...Finished Iterative Correction for chr2l map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writince
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chr2l]
INFO:addCCMap2GCMap: ...Finished adding data for [chr2l]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr2l]

INFO:addCCMap2GCMap: Finished downsampling for [chr2l]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

INFO:normalizer: Iterative Correction is in process for chr22 map...

INFO:normalizer: ...Finished Iterative Correction for chr22 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writing
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chr22]
INFO:addCCMap2GCMap: ...Finished adding data for [chr22]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr22]

INFO:addCCMap2GCMap: Finished downsampling for [chr22]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

INFO:normalizer: Iterative Correction is in process for chr20 map...

INFO:normalizer: ...Finished Iterative Correction for chr20 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writine
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chr20]
INFO:addCCMap2GCMap: ...Finished adding data for [chr20]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr20]

INFO:addCCMap2GCMap: Finished downsampling for [chr20]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

INFO:normalizer: Iterative Correction is in process for chrl5 map...

INFO:normalizer: ...Finished Iterative Correction for chrl5 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writince
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chrl5]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl5]

INFO:addCCMap2GCMap: Finished downsampling for [chrl5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

INFO:normalizer: Iterative Correction is in process for chr5 map...

INFO:normalizer: ...Finished Iterative Correction for chr5 map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writing
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chr5]
INFO:addCCMap2GCMap: ...Finished adding data for [chr5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr5]

INFO:addCCMap2GCMap: Finished downsampling for [chr5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

INFO:normalizer: Iterative Correction is in process for chrl map...

INFO:normalizer: ...Finished Iterative Correction for chrl map...

INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normIC_100kb.gcmap] for reading writing
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normIC_100kb.gcmap] for [chrl]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl]

INFO:addCCMap2GCMap: Finished downsampling for [chrl]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normIC_100kb.gcmap]...

See also:

Function gcMapExplorer.1lib.normalizer.normalizeGCMapByIC () for more details.

Normalize by Median Contact Frequency Scaling (MCFS)

This method can be used to scale Hi-C map using median contact values for respective distance between two loca-
tions/coordinates. At first, median distance contact frequency for each distance is calculated, and subsequently, the
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observed contact frequency is scaled (divided) by respective median distance contact frequency.

See also:

Function gcMapExplorer.lib.normalizer.normalizeCCMapByMCFS () for more details.

In

INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

INFO

[9]:

chroms

[1, 5, 15, 20, 21] # List of chromosomes

# Loop for each chromosome
for chrom in chroms:

input_file =
output_file =

raw_
norm_ccmap =
gmlib.ccmap.save_ccmap (norm_ccmap,

del
del

normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
:save_ccmap:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:
INFO:

save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:
normalizer:
normalizer:
save_ccmap:
save_ccmap:
save_ccmap:

'output/CooMatrix/chr{0}_100kb_RawObserved.ccmap' .format (chrom)
'output/CooMatrix/normalized/chr{0}_100kb_MCFS.ccmap' .format (chrom)
ccmap = gmlib.ccmap.load_ccmap (input_file)
gmlib.normalizer.normalizeCCMapByMCFES (raw_ccmap)
output_file, compress=True)
raw_ccmap
norm_ccmap

# Remove CCMAP object from memory and any related temporary files
# Remove CCMAP object from memory and any related temporary files

Median Contact Frequency Scaling is in process for chrl map...
...Finished Median Contact Frequency Scaling for chrl map...
Saving ccmap to file [output/CooMatrix/normalized/chrl_100kb_MCFS.ccmap] and [/home,
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Median Contact Frequency Scaling is in process for chr5 map...
...Finished Median Contact Frequency Scaling for chr5 map...
Saving ccmap to file [output/CooMatrix/normalized/chr5_100kb_MCFS.ccmap] and [/home,
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Median Contact Frequency Scaling is in process for chrl5 map...
...Finished Median Contact Frequency Scaling for chrl5 map...
Saving ccmap to file [output/CooMatrix/normalized/chrl5_100kb_MCFS.ccmap] and [/home
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Median Contact Frequency Scaling is in process for chr20 map...
...Finished Median Contact Frequency Scaling for chr20 map...
Saving ccmap to file [output/CooMatrix/normalized/chr20_100kb_MCFS.ccmap] and [/home
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!
Median Contact Frequency Scaling is in process for chr2l map...
...Finished Median Contact Frequency Scaling for chr2l map...
Saving ccmap to file [output/CooMatrix/normalized/chr2l1_100kb_MCFS.ccmap] and [/home
Compressing [/home/rajendra/workspace/genome_3d_organization/tutorials_modules/outpn
Finished!!!

Normalize all maps from a gcmap file using MCFS method

Maps stored in a gcmap files can be normalized and stored in another gecmap files.

In

INFO:normalizer:
INFO:normalizer:
INFO:addCCMap2GCMap: Opened file

[10]:

# Name

normMCFS_gcmap_file =

of output gcmap file
'output/CooMatrix/normalized/normMCFS_100kb.gcmap'

# Perform scaling and save to output file

gmlib.normalizer.normalizeGCMapByMCFS (raw_gcmap_file,

normMCFS_gcmap_file)

Median Contact Frequency Scaling is in process for chr2l map...
...Finished Median Contact Frequency Scaling for chr2l map...
[output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
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INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chr2l]
INFO:addCCMap2GCMap: ...Finished adding data for [chr2l]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr2l]

INFO:addCCMap2GCMap: Finished downsampling for [chr21l]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...
INFO:normalizer: Median Contact Frequency Scaling is in process for chr22 map...

INFO:normalizer: ...Finished Median Contact Frequency Scaling for chr22 map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chr22]
INFO:addCCMap2GCMap: ...Finished adding data for [chr22]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr22]

INFO:addCCMap2GCMap: Finished downsampling for [chr22]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...
INFO:normalizer: Median Contact Frequency Scaling is in process for chr20 map...

INFO:normalizer: ...Finished Median Contact Frequency Scaling for chr20 map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chr20]
INFO:addCCMap2GCMap: ...Finished adding data for [chr20]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr20]

INFO:addCCMap2GCMap: Finished downsampling for [chr20]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...
INFO:normalizer: Median Contact Frequency Scaling is in process for chrl5 map...

INFO:normalizer: ...Finished Median Contact Frequency Scaling for chrl5 map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chrl5]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl5]

INFO:addCCMap2GCMap: Finished downsampling for [chrl5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...
INFO:normalizer: Median Contact Frequency Scaling is in process for chr5 map...

INFO:normalizer: ...Finished Median Contact Frequency Scaling for chr5 map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chr5]
INFO:addCCMap2GCMap: ...Finished adding data for [chr5]

INFO:addCCMap2GCMap: Generating downsampled maps for [chr5]

INFO:addCCMap2GCMap: Finished downsampling for [chr5]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...
INFO:normalizer: Median Contact Frequency Scaling is in process for chrl map...

INFO:normalizer: ...Finished Median Contact Frequency Scaling for chrl map...
INFO:addCCMap2GCMap: Opened file [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for reading writ:
INFO:addCCMap2GCMap: Adding data to [output/CooMatrix/normalized/normMCFS_100kb.gcmap] for [chrl]
INFO:addCCMap2GCMap: ...Finished adding data for [chrl]

INFO:addCCMap2GCMap: Generating downsampled maps for [chrl]

INFO:addCCMap2GCMap: Finished downsampling for [chrl]

INFO:addCCMap2GCMap: Closed file [output/CooMatrix/normalized/normMCFS_100kb.gcmap]...

See also:

Function gcMapExplorer.1lib.normalizer.normalizeGCMapByIC () for more details.

How to access Hi-C map from .ccmap file?

.ccmap is a text file and associated x .npbin or » .npbin.gz is memory mapped matrix file.

Note: Following example needs * . ccmap file, generated in previous tutorial.

See also:
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About » . ccmap and % .npbin (compressed x .npbin.gz) files here.

At first, we import modules:
» gcMapExplorer.lib
e numpy for statistics
» matplotlib for plotting

In [1]: import gcMapExplorer.ccmap as cmp
import numpy as np
import matplotlib.pyplot as plt

# To show inline plots

$matplotlib inline
plt.style.use('ggplot"') # Theme for plotting

Load a . ccmap file

In [2]: ccmap = cmp.load_ccmap ('output/CooMatrix/normalized/chrl5_100kb_normKR.ccmap')

Print some properties of Hi-C data

In [3]: print ('shape: ', ccmap.shape) # Shape of matrix along X and Y axis
print ('Minimum value: ', ccmap.minvalue) # Maximum value in Hi-C data
print ('Maximum value: ', ccmap.maxvalue) # Minimum value in Hi.C data
print ('data-type: ', ccmap.dtype) # Data type for memory mapped matrix file

print ('path to matrix file:', ccmap.path2matrix)

shape: (1026, 1026)

Minimum value: 4.66654819319956e-06

Maximum value: 0.8729197978973389

data-type: float32

path to matrix file: /tmp/npBinary__e5gpj90.tmp

Reading * .npbin file

In [4]: ccmap.make_readable () # npbin file is now readable

Now, Hi-C matrix is available as ccmap .matrix.

Overview of Hi-C matrix

In [5]: print (ccmap.matrix)
[[ 4.66654819e-06 4.66654819e-06 4.66654819e-06 ..., 4.66654819e-06
4.66654819e-06 4.66654819e-06]
[ 4.66654819e-06 4.66654819e-06 4.66654819e-06 ..., 4.66654819e-06
4.66654819e-06 4.66654819e-06]
[ 4.66654819e-06 4.66654819e-06 4.66654819e-06 ..., 4.66654819e-06
4.66654819e-06 4.66654819e-06]
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[ 4.66654819e-06 4.66654819e-06 4.66654819%9e-06 ..., 2.78881878e-01
1.35136917e-01 7.62707740e-02]

[ 4.66654819e-06 4.66654819e-06 4.66654819%9e-06 ..., 1.35136917e-01
4.56013411e-01 4.66654819e-06]

[ 4.66654819e-06 4.66654819e-06 4.66654819e-06 ..., 7.62707740e-02
4.66654819e-06 4.66654819e-06]1]

Using humpy module

* We can use numpy module to compare properties from . ccmap file and from . npbin file.

¢ To find maximum and minimum of matrix, numpy functions amin and amax can be used.

In [6]: print ('shape: ', ccmap.shape, ccmap.matrix.shape) # Shape of matrix along X at
print ('Minimum value: ', ccmap.minvalue, np.amin(ccmap.matrix)) # Minimum value in Hi-C dat:
print ('Maximum value: ', ccmap.maxvalue, np.amax(ccmap.matrix)) # Maximum value in Hi.C dat:

shape: (1026, 1026) (1026, 1026)

Minimum value: 4.66654819319956e-06 4.66654819319956e-06
Maximum value: 0.8729197978973389 0.8729197978973389

Remove rows/columns with missing data

In [7]: bData = ~ccmap.bNoData # Stores whther rows/columns has missing dat:
new_matrix = (ccmap.matrix[bData,:]) [:,bData] # Getting new matrix after removing row/colur
index_bData = np.nonzero (bData) [0] # Getting indices of original matrix after
print ('Original shape: ', ccmap.matrix.shape) # Shape of original matrix
print ('New shape: ', new_matrix.shape) # Shape of new matrix

Original shape: (1026, 1026)

New shape: (822, 822)

Warning: Above operation cannot be performed on raw Hi-C map because CCMAP . bNoDat a is only avaialable
after normalization.

Whether matrix is balanced?

If matrix is balanced, sum of rows and coloumns will be always one. Sum of rows and columns can be easily calculated
using numpy.sum function.

In [8]: r_sum = np.sum(new_matrix, axis
c_sum = np.sum(new_matrix, axis

0) # Sum along row using numpy.sum
1) # Sum along column using numpy.sum

# Plot the values for visual representations
fig = plt.figure(figsize=(14,3)) # Figure size
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axl = fig.add_subplot(1,2,1) # Axes first plot
axl.set_title('Sum along row') # Title first plot
axl.get_yaxis().get_major_formatter().set_useOffset (False) # Prevent ticks auto-formattii
ax2 = fig.add_subplot (1,2,2) # Axes second plot
ax2.set_title('Sum along column')

ax2.get_yaxis () .get_major_formatter () .set_useOffset (False)

axl.plot (r_sum) # Plot in first axes

ax2.plot (c_sum) # Plot in second axes
plt.show ()

Sum along row Sum along column
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As can be seen in the above plot, sum of rows/columns are approximately one. It means that the matrix is balanced.

Using more humpy modules

Lets plot average and median of each rows using numpy.mean and numpy.median.

In [9]: averages = np.mean(new_matrix, axis = 1) # Calculating mean using numpy.mean
medians = np.median(new_matrix, axis = 0) # Calculating median using numpy.median

# Plot the values for visual representations

fig = plt.figure(figsize=(14,3)) # Figure size

axl = fig.add_subplot(1,2,1) # Axes first plot
axl.set_title('Average values') # Title first plot
axl.get_yaxis().get_major_formatter().set_useOffset (False) # Prevent ticks auto-formattii
ax2 = fig.add_subplot(1,2,2) # Axes second plot
ax2.set_title('Median values')

ax2.get_yaxis () .get_major_formatter () .set_useOffset (False)

# in below both plots, x—-axis is index from original matrix to preserve original location

axl.plot (index_bData, averages) # Plot in first axes
ax2.plot (index_bData, medians) # Plot in second axes
plt.show ()
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Using masked array with Hi-C map

Large Hi-C map data contains missing values. During analysis, sometimes we need to ignore these values. numpy.ma
module can be used to perform mathematical operations after masking these missing values.

See also:

Module numpy.ma

At first, we import modules:
» gcMapExplorer.ccmap for loading . ccmap files
* numpy for array operations
e numpy.ma for masked array module
* scipy.stats.mstats for correlation calculation using masked array

In [1]: import gcMapExplorer.ccmap as cmp
import numpy as np
import os
from numpy import ma
from scipy import stats

import matplotlib.pyplot as plt
# To show inline plots

$matplotlib inline
plt.style.use('ggplot"') # Theme for plotting

To calculate correlation between Hi-C maps

Load two Hi-C data

In [2]: ccmapOne = cmp.load_ccmap ('output/CooMatrix/normalized/chrl5_100kb_normKR.ccmap',
ccmapOne .make_readable ()

ccmapTwo = cmp.load_ccmap ('output/CooMatrix/normalized/chr20_100kb_normKR.ccmap',
ccmapTwo.make_readable ()

Determine smallest shape

Matrix size can be different, therefore smallest size is determined to calculate element-wise correlation.
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In [3]: if ccmapOne.shape[0] <= ccmapTwo.shape[0]:
smallest_shape = ccmapOne.shape[0]
else:
smallest_shape = ccmapTwo.shape[0]

Generate masks
* At first, generate mask from two matrices sepratealy, and then combine it.
* Also, use slicing operations to derive subset of matrix with smallest shape.

* During masking, lower-triangular part is also masked with diagonal offset of five. Because the values at Hi-C
map diagnoal is usually large, correlation could be high due to these large values. Moreover, we are usually
intereseted in off-diagonal regions of the Hi-C maps.

In [4]: ml = ccmapOne.matrix[:smallest_shape, :smallest_shape] <= ccmapOne.minvalue # Mask all min:
m2 = ccmapTwo.matrix[:smallest_shape, :smallest_shape] <= ccmapTwo.minvalue # Mask all min:
mask = ( ml | m2 ) # Combine both masks
mask[np.tril_indices_from(mask, k=5)] = True # Also, Mask lower-triangle of matrix with f£:

Warning: For huge matrices, above operations could be memory/RAM consuming and script may crash.

See also:

* How to perform slicing?

* How to generate boolean mask?

* How to get indices of lower-triangle of an array?
Generate masked matrix
Now, using numpy . ma module, generate masked matrices

In [5]: maskedMatrixOne = ma.array (ccmapOne.matrix|[:smallest_shape, :smallest_shape], mask=mask)
maksedMatrixTwo = ma.array (ccmapIwo.matrix[:smallest_shape, :smallest_shape], mask=mask)

Calculate correlation coefficiant

* Pearson correlation coefficiant using scipy.stats.mstats.pearsonr

In [6]: corr, pvalue = stats.pearsonr (maskedMatrixOne.compressed(), maksedMatrixTwo.compressed())
print ('Pearson Correlation: ', corr)
corr, pvalue = stats.spearmanr (maskedMatrixOne.compressed(), maksedMatrixTwo.compressed())
print ('Spearman Correlation: ', corr)

Pearson Correlation: 0.50507

Spearman Correlation: 0.358783199081

Crorrelation using gcMapExplorer.cmstats module

Shown above is a simple step-by-step example to calculate correlation-coefficiant using masked array. However, above
method may fail in case of huge matrices. Therefore, use the implemented function gcMapExplorer.cmstats.
correlateCMaps function

See also:

¢ About gcMapExplorer.cmstats.correlateCMaps () in more details
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In [7]: from gcMapExplorer import cmstats
corr, pvalue = cmstats.correlateCMaps (ccmapOne, ccmapTwo, diagonal_offset=5)
print ('Pearson Correlation: ', corr)

corr, pvalue = cmstats.correlateCMaps (ccmapOne, ccmapTwo, corrType='spearman', diagonal_offse

print ('Spearman Correlation: , corr)

Pearson Correlation: 0.50507
Spearman Correlation: 0.358783199081

Both above shown step-by-step example and implemented functions yielded similar correlation values.

Block-wise Crorrelation

To identify local difference between two maps, block-wise coorelation could be more helpful. A block is created and
slided along the diagonal, and for each new position, correlation is calculated.

In [8]: # Pearson correlation
pearson, p_centers = cmstats.correlateCMaps (ccmapOne, ccmapTwo, diagonal_offset=2, blockSizes:
slideStepSize=1, outFile='pearson.txt', workDir:

# Spearman correlation

spearman, s_centers = cmstats.correlateCMaps (ccmapOne, ccmapTwo, corrType='spearman',6 diagon:
blockSize="lmb', slideStepSize=1l, outFile=":
workDir=os.getcwd () )

INFO:correlateCMaps: Block-wise correlation with [lmb] block-size
INFO:correlateCMaps: Number of Blocks: 63

INFO:correlateCMaps: Size of each Block in bins: 10

INFO:correlateCMaps: Number of Overlapping bins between sliding blocks: 9
INFO:correlateCMaps: Block-wise correlation with [lmb] block-size
INFO:correlateCMaps: Number of Blocks: 63

INFO:correlateCMaps: Size of each Block in bins: 10

INFO:correlateCMaps: Number of Overlapping bins between sliding blocks: 9

In [9]: # Plot the values for visual representations
fig = plt.figure(figsize=(8,4)) # Figure size
ax = fig.add_subplot(1,1,1) # Axes first plot
ax.set_title('Correlation') # Title first plot
ax.plot (p_centers, pearson, label='Pearson') # Plot for Pearson correlation
ax.plot (s_centers, spearman, label='Spearman') # Plot for Spearman correlatio:
ax.get_xaxis () .get_major_formatter().set_useOffset (False) # Prevent ticks auto-formattinc

plt.legend(loc=2)

plt.show ()
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In [10]: path='/home/rajendra/workspace/genome_3d_organization/GM12878_CellLine/HiCmapDataPyObject/r¢
ccmapsOne, ccmapsTwo = [], []

for

for

for

O OO OO OO0 O0OOOOoOoOoO oo

.74487690967318498, O.
.74063722421215261,
.756371013954412¢64,
.75799064378987224,
.76385777207989702,
.7581134503870115, 0.0
.77085117905282485,
.78712169997619941,
.75681100168481319,
.79607602070672256,
.79340494862540256,
.79611875779812202,
.78246725829489128,
.81078979072455271,
.82796003802636897,
.81646908774859528,

i in range (1, 23):

ccmapsOne.append (path+'Chr{0}_NormKR.hicmap'.format (1))

i in range(l, 23):

ccmapsTwo.append (path+'Chr{0}_Rawobserved.hicmap'.format (1))

i in range(len(ccmapsOne)) :
ccmapOne = cmp.load_ccmap (ccmapsOne[i], workDir=os.getcwd())
ccmapOne.make_readable ()

ccmapTwo = cmp.load_ccmap (ccmapsTwo[i], workDir=os.getcwd())
ccmapTwo.make_readable ()

print (cmstats.correlateCMaps (ccmapOne, ccmapTwo, corrType='spearman',

del ccmapOne
del ccmapTwo

0
0.
0
0

diagonal_offset=5,

©
N
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.8513992946693909, 0.0)
.83321467022045526, 0
.89497615144311282, 0
.89713225129243968, O.
.86860067840860633, 0
.87945995663009324, 0

O O O O O o
O O O O o

Export .ccmap as text file

Presently only COO list format is implemented in gcMapExplorer.ccmap.export_ccmap function. In COO
format, lists of (row, column, value) as three tab seprated columns are written in output file.

See also:
Module gcMapExplorer.ccmap.export_ccmap ()
In [1]: from gcMapExplorer.lib import ccmap as cmp

In [2]: # Input files and path
inputPath='output/CooMatrix/normalized/"
files= ["chr5_100kb_normKR.ccmap', 'chrl5_100kb_normKR.ccmap',
'chr20_100kb_normKR.ccmap', 'chr2l_100kb_normKR.ccmap']

#Output files and path
outputPath = 'export/'
outputs=['chr5_100kb.txt"', 'chrl5_100kb.txt', 'chr20_100kb.txt"', 'chr2l_ 100kb.txt']

for i, o in zip(files, outputs):
ccmap = cmp.load_ccmap (inputPath+1i)
cmp.export_ccmap (ccmap, outputPath+o, doNotWriteMinimum=True)

How to access Hi-C map from .gcmap file?

.gcmap is a HDF5 format file.

Note: Following example needs * . ccmap file, generated in previous tutorial.

At first, we import modules:
* gcMapExplorer.lib
* numpy for statistics
» matplotlib for plotting

In [1]: import gcMapExplorer.lib as gmlib
import numpy as np
import matplotlib.pyplot as plt

# To show inline plots
%$matplotlib inline
plt.style.use('ggplot"') # Theme for plotting
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Load a . gcmap file

* At first load a map of chromosome from gcmap file using GCMAP class.
* Also, load it as ccmap to compare.

In [2]: filename = 'output/CooMatrix/rawObserved_100kb.gcmap'

# Load through GCMAP class
gcmap = gmlib.gcmap.GCMAP (filename, mapName='chr2l"')

# Load as a CCMAP class
ccmap = gmlib.gcmap.loadGCMapAsCCMap (filename, mapName='chr2l")

Print some properties of Hi-C data

In [3]: for key in gcmap.__dict__:

print (key, ' : ', gcmap.__dict__ [key])
hdf5 : <HDF5 file "rawObserved_100kb.gcmap" (mode r+)>
title : chr2l_vs_chr2l
mapType : intra
matrix : <HDF5 dataset "100kb": shape (482, 482), type "<£f4">
ylabel : chr2l
binsize : 100000
shape : (482, 482)
resolution : 100kb
yticks [0, 48200000]
xticks [0, 48200000]
bLog : False
bNoData : None
mapNameList : None
binsizes : [100000]
dtype : float32
finestResolution : 100kb
xlabel : chr2l
minvalue : 1.0
maxvalue : 87922.0
fileOpened : True
groupName : chr2l

Reading contact map
Contact matrix is available as gcmap . mat rix as similar to that of ccmap.matrix.
In [4]: print (gcmap.matrix[:])

ccmap.make_readable ()
print (ccmap.matrix)

[l 0. 0. 0. ..., 0. 0. 0.]
[ 0. 0. 0. ..., 0. 0. 0.]
[ 0. 0. 0. ..., 0. 0. 0.]
[ 0. 0. 0 .., 45925. 18365. 125.]
[ 0. 0. 0 ., 18365. 45513. 523.]
[ 0. 0. 0 , 125. 523. 135.1]1

[l 0. 0. 0 , 0 0. 0.]
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[ 0 0 0 oy 0 0 0.]
[ 0 0 0 .r 0 0 0.]
[ 0. 0. 0. ..., 45925. 18365. 125.]
[ 0. 0. 0. ..., 18365. 45513. 523.]
[ 0. 0. 0. ..., 125. 523. 135.1]

As can be seen in the above plot, sum of rows/columns are approximately one. It means that the matrix is balanced.

Using humpy modules

Lets plot average and median of each rows using numpy.mean and numpy.median.

In [5]: averages = np.mean(gcmap.matrix, axis = 1) # Calculating mean using numpy.mean
medians = np.median(gcmap.matrix, axis = 0) # Calculating median using numpy.medial

# Plot the values for visual representations

fig = plt.figure(figsize=(14, 3)) # Figure size

axl = fig.add_subplot(1,2,1) # Axes first plot
axl.set_title('Average values') # Title first plot
axl.get_yaxis().get_major_formatter().set_useOffset (False) # Prevent ticks auto-formattii
ax2 = fig.add_subplot (1,2,2) # Axes second plot
ax2.set_title('Median values')

ax2.get_yaxis () .get_major_formatter () .set_useOffset (False)

# in below both plots, x-axis is index from original matrix to preserve original location

axl.plot (averages) # Plot in first axes

ax2.plot (medians) # Plot in second axes

plt.show ()
. Average values Median values
500 - 80 -
400 - B0 -
300 -

40 -

200 -

100 -

0 100 200 300 400 500 0 100 200 300 400 500

Execution Time Comparison between np.ndarray, ccmap.matrix and gecmap.matrix

In [6]: cmap = np.asarray( ccmap.matrix[:] )

print ('cmap Type:', type (cmap))
print ('ccmap Type:', type(ccmap.matrix))
print ('gcmap Type:', type(gcmap.matrix))
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print (' ")

$timeit np.sum(gcmap.matrix, axis = 0) # Sum along row using numpy.sum
%$timeit np.sum(ccmap.matrix, axis = 0) # Sum along row using numpy.sum
$timeit np.sum(cmap, axis = 0) # Sum along row using numpy.sum

print (' ")

$timeit np.sum(gcmap.matrix, axis = 1) # Sum along column using numpy.sum
%$timeit np.sum(ccmap.matrix, axis = 1) # Sum along column using numpy.sum
$timeit np.sum(cmap, axis = 1) # Sum along column using numpy.sum

print (' ")

$timeit np.mean(gcmap.matrix, axis = 1) # Calculating mean using numpy.mean
%$timeit np.mean(ccmap.matrix, axis = 1) # Calculating mean using numpy.mean

$timeit np.mean(cmap, axis = 1) # Calculating mean using numpy.mean

print (' ")

$timeit np.median(gcmap.matrix, axis 0) # Calculating median using numpy.median
%timeit np.median(ccmap.matrix, axis = 0) # Calculating median using numpy.median

$timeit np.median (cmap, axis = 0) # Calculating median using numpy.median

del ccmap

cmap Type: <class 'numpy.ndarray'>
ccmap Type: <class 'numpy.core.memmap.memmap'>
gcmap Type: <class 'hbpy._hl.dataset.Dataset'>

1000 loops, best of 3: 272 us per loop

The slowest run took 5.28 times longer than the fastest. This could mean that an intermediate result
10000 loops, best of 3: 41.2 ps per loop

10000 loops, best of 3: 39.2 pus per loop

1000 loops, best of 3: 307 ps per loop
10000 loops, best of 3: 71.8 pus per loop
10000 loops, best of 3: 69.9 ps per loop

1000 loops, best of 3: 315 us per loop
10000 loops, best of 3: 76.7 ps per loop
10000 loops, best of 3: 73.9 ps per loop

1000 loops, best of 3: 1.64 ms per loop

1000 loops, best of 3: 1.4 ms per loop
1000 loops, best of 3: 1.38 ms per loop

In [ 1:

Documentation of Python Modules

ccmap module

ccmap . CCMAP . copy([fill]) To create a new copy of CCMAP object
\ Continued on next page |
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Table 2.13 — continued from previous page

ccmap . CCMAP . get_ ticks([binsize]) To get xticks and yticks for the matrix

ccmap.CCMAP . make_readable() Enable reading the numpy array binary file.

ccmap.CCMAP.make_unreadable() Disable reading the numpy array binary file from local file
system

ccmap.CCMAP .make_writable() Create new numpy array binary file on local file system and
enable reading/writing to this file

ccmap.CCMAP.make_editable() Enable editing numpy array binary file

ccmap.resolutionToBinsize(resolution) Return the bin size from the resolution unit

ccmap.binsizeToResolut ion(binsize) Return the resolution unit from the bin size

ccmap. jsonify(ccMapObj) Changes data type of attributes in CCMAP object for .

ccmap . de jsonify(ccMapODbjl, json_dict]) Change back the data type of attributes in CCMAP object.

ccmap. save_ccmap(ccMapObj, outfilel, ...]) Save CCMAP object on file

ccmap . load_ccmap(infile[, workDir]) Load CCMAP object from an input file

ccmap . export_cmap(cmap, outfilel, ...]) To export . ccmap as text file

ccmap.CCMAP class

class CCMAP (dtype="float32’)
This class contains variables to store Hi-C Data.

The class is instantiated by two methods:

>>> ccMapObj = gcMapExplorer.lib.ccmap.CCMAP ()
>>> ccMapObj = gcMapExplorer.lib.ccmap.CCMAP (dtype='£float32"')

Parameters dtype (str, Optional)— Data type for matrix. [Default="'float32"']

path2matrix
str — Path to numpy array binary file on local file system

yticks
list — Minimum and maximum locations along Y-axis. e.g. yticks=[0, 400000]

xticks

list — Minimum and maximum locations along X-axis. e.g. xticks=[0, 400000]
binsize

int — Resolution of data. In case of 10kb resolution, binsize is 10000.

title
str — Title of the data

xlabel
str — Title for X-axis

ylabel
str — Title for Y-axis

shape
tuple — Overall shape of matrix

minvalue
float — Minimum value in matrix

maxvalue
float — Maximum value in matrix
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matrix
numpy.memmap — A memmap object pointing to matrix.

HiC map data is saved as a numpy array binary file on local file system. This file can be only read after
mapping to a numpy memmap object. After mapping, matrix can be used as a numpy array. The
file name is randomly generated as npBinary_XXXXXXXXXX.tmp, where X can be a alphanumeric
charecter. Please see details in .

When ccmap is saved, this file is renamed with ‘.npbin’ extension.

bNoData
numpy.ndarray — A boolean numpy array of matrix shape

bLog
bool — If values in matrix are in log

state
str — State of CCMAP object

This keyword stores the state of the object. The state ensures when the numpy array binary file should be
deleted from the local file system.

Three keywords are used:

* temporary : When object is created, it is in temporary state. After executing the script, numpy
array binary file is automatically deleted from the local file system.

* saved: When a temporary or new object is saved, the numpy array binary file is copied to
the destination directory and state is changed to saved. However, after saving, state become
temporary. This method ensures that the saved copy is not deleted and only temporary copy is
deleted after executing the script.

When a already saved object is loaded, it is in saved state. The numpy array binary file is read
from the original location and remaines saved at the original location after executing the script.

* compressed: When object is saved and numpy array binary file is simultaneously compressed,
it is saved as compressed state. When this object is loaded, the numpy array binary file is
decompressed into the working directory. This decompressed file is automatically deleted after
execution of script while compressed file remains saved at the original location.

dtype
str — Data type of matrix

copy (fill=None)
To create a new copy of CCMAP object

This method can be used to create a new copy of gcMapExplorer.lib.ccmap.CCMAP. A new
numpy array binary file will be created and all values from old file will be copied.

Parameters £il1l (f1oat) — Fill map with the value. If not given, map values will be copied.

get_ticks (binsize=None)
To get xticks and yticks for the matrix

Parameters binsize (int)— Number of base in each bin or pixel or box of contact map.
Returns

* xticks (numpy.array) — 1D array containing positions along X-axis

e yticks (numpy.array) — 1D array containing positions along X-axis

make_editable ()
Enable editing numpy array binary file
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make_readable ()
Enable reading the numpy array binary file.

Matrix file is saved on local file system. This file can be only read after mapping to a memmap ob-
ject. This method maps the numpy memmap object to self.matrix variable. After using this method,
gcMapExplorer.lib.ccmap.CCMAP.matrix can be used directly as similar to numpy array.
Please see details in

make_unreadable ()
Disable reading the numpy array binary file from local file system

make_ writable ()
Create new numpy array binary file on local file system and enable reading/writing to this file

Note: If a matrix file with similar name is already present, old file will be backed up.

ccmap module

resolutionToBinsize (resolution)
Return the bin size from the resolution unit

It is a convenient function to convert resolution unit to binsize. It has a support of base (b), kilobase (kb),
megabase (mb) and gigabase (gb) unit. It also convert decimal resolution unit as shown below in examples.

Parameters resolution (str)—resolution in b, kb, mb or gb.
Returns binsize — bin size

Return type int

Examples

>>> resolutionToBinsize ('lb'")
>>> resolutionToBinsize ('10b"'")

>>> resolutionToBinsize ('lkb')
1000

>>> resolutionToBinsize ('l6kb')
16000

>>> resolutionToBinsize ('1.23kb"'")
2.30

>>> resolutionToBinsize ('l.6mb')
600000

>>> resolutionToBinsize ('1.457mb"')

1457000

binsizeToResolution (binsize)
Return the resolution unit from the bin size

It is a convenient function to convert binsize into resolution unit. It has a support of base (b), kilobase (kb),
megabase (mb) and gigabase (gb) unit. It also convert binsize to decimal resolution unit as shown below in
examples.

Parameters binsize (int) - bin size
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Returns resolution — resolution unit

Return type str

Examples

>>> binsizeToResolution (1)

'1b’

>>> binsizeToResolution (10)
'10b"

>>> pbinsizeToResolution (10000)
'10kb’

>>> binsizeToResolution (100000)
'100kb"

>>> binsizeToResolution (125500)
'125.5kb"

>>> binsizeToResolution (1000000)
'"Imb'

>>> binsizeToResolution (1634300)
'1.6343mb"'

jsonify (ccMapObj)

Changes data type of attributes in CCMAP object for .

Before saving the CCMAP object, its attributes data types are neccessary to change because few data types are
not supported by json.

Therefore, it is converted into other data types which are supported by json. These are the following attributes
which are changed:

Attributes | Original modified
bNoData | numpy boolean array | string of O and 1
xticks list of integer list of string
yticks list of integer list of string
minvalue | float string

maxvalue | float string

shape tuple of integer list of string

Warning: If a object is passed through this method, it should be again passed through gcMapExplorer.
1ib.ccmap.dejsonify () for any further use. Otherwise, this object cannot be used in any other
methods because of the attributes data type modifications.

Parameters ccMapObj (gcMapExplorer.lib.ccmap.CCMAP)— A CCMAP object
Returns

Return type None

dejsonify (ccMapObj, json_dict=None)

Change back the data type of attributes in CCMAP object.
Before loading the CCMAP object, its attributes data types are neccessary to change back.

Therefore, it is converted into original data types as shown in a table (see gcMapExplorer.1ib.ccmap.
Jjsonify())

Parameters
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* ccMapObj (gcMapExplorer.lib.ccmap.CCMAP) — A CCMAP object

* json_dict (dict, Optional) — A directory obtained after loading the saved file
through json.

save_ccmap (ccMapObj, outfile, compress=False, logHandler=None)
Save CCMAP object on file

CCMAP object can be saved as file for easy use. is used to save the object. The binary numpy array file is
copied in the destination directory. If compress=True, the array file will be compressed in gzip format.

Note:

*Compression significantly reduces the array file size. However, its loading is slow during initiation when
file is decompressed.

*After loading, the decompressed binary numpy array file takes additional memory on local file system.

Parameters

* ccMapObj (gcMapExplorer.lib.ccmap.CCMAP) — A CCMAP object, which has
to be saved

* outfile (str) — Name of output file including path to the directory/folder where file
should be saved.

* compress (bool)—If True, numpy array file will be compressed.
Returns
Return type None
load_ccmap (infile, workDir=None)
Load CCMAP object from an input file

CCMAP object can be created from the input file, which was earlier saved using gcMapExplorer.lib.
ccmap.save_ccmap (). If the binary numpy array is compressed, this file is automatically extracted in
the current working directory. After completion of the execution, this decompressed file will be automatically
deleted. The compressed saved file will be remained unchanged.

Parameters

* infile (str)—Name of the inputp file including path to the directory/folder where file is
saved.

* workDir (str) — Name of working directory, where temporary files will be kept.If
workDir = None, file will be generated in OS based temporary directory.

Returns ccMapObj — A CCMAP object
Return type gcMapExplorer.lib.ccmap.CCMAP

export_cmap (cmap, outfile, doNotWriteZeros=True)
To export . ccmap as text file

This function export . ccmap as coordinate list (COO) format sparse matrix file. In COO format, lists of (row,
column, value) as three tab seprated columns are written in output file.

Parameters

* ccmap (gcMapExplorer.lib.ccmap.CCMAP)— Aninstance of gcMapExplorer.
1ib.ccmap.CCMAP, which is need to be exported.
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* outfile (str)— Output file name.

* doNotWriteZeros (bool)— Do not write Zero values. It reduces memory of file.

ccmapHelpers module

ccmapHelpers.MemoryMappedArray Convenient wrapper for numpy memory mapped array file
ccmapHelpers.MemoryMappedArray.copy(self)  Copy this numpy memory mapped array and generate new
ccmapHelpers.MemoryMappedArray. Copy values from source MemoryMappedArray
copy._from(...)

ccmapHelpers.MemoryMappedArray. Copy values to destination MemoryMappedArray
copy._to(self, ...)

ccmapHelpers.get_nonzeros_index(matrix[, To get a numpy array of bool values for all rows/columns
D) which have NO missing data

ccmapHelpers. remove_zeros(matrix[, ...]) To remove rows/columns with missing data (zero values)

gcMapExplorer.ccmapHelpers

get_nonzeros_index (matrix, thershold_percentile=None, thershold_data_occup=None)
To get a numpy array of bool values for all rows/columns which have NO missing data

Parameters

* matrix (numpy.memmap or gcMapExplorer.lib.ccmap.CCMAP.matrix) — In-
put matrix

* percentile_thershold no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

* thershold_data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

Returns bData — 1D-array containing True and False values. * If True: row/column has data
above the thershold * If False: row/column has no data under the thershold

Return type numpy.array[bool]

remove_zeros (matrix, thershold_percentile=None, thershold_data_occup=None, workDir=None)
To remove rows/columns with missing data (zero values)

Parameters
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Returns

* matrix (numpy.memmap or gcMapExplorer.lib.ccmap.CCMAP.matrix) — In-

put matrix

* percentile_thershold no_data (int) — It can be used to filter the map,

where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

thershold_data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

* workDir (str) — Path to the directory where temporary intermediate files are generated.

If None, files are generated in the temporary directory according to the OS type.

* A (MemoryMappedArray) — MemoryMappedArray instance containing new trun-

cated array as memory mapped file

* bNoData (numpy.array[bool]) — 1D-array containing True and False values. * If True:

row/column has no data under the thershold * If False: row/column has data above the
thershold

MemoryMappedArray class

class MemoryMappedArray
Convenient wrapper for numpy memory mapped array file

For more details, see here: (See: ).

path2matrix
str — Path to numpy memory mapped array file

arr

numpy.memmap — Pointer to memory mapped numpy array

workDir

str — Path to the directory where temporary intermediate files are generated. If None, files are generated
in the temporary directory according to the OS type.

dtype

str — Data type of array

Parameters

* shape (tuple)— Shape of array
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 £ill (int or float (Optional))- Fill array with this value
* dtype (str)— Data type of array
copy (self)
Copy this numpy memory mapped array and generate new
Returns out — A new MemoryMappedArray instance with copied arrays
Return type MemoryMappedArray

copy_from (self, src)
Copy values from source MemoryMappedArray

Parameters src (MemoryMappedArray)— Source memory mapped arrays for new values
Returns

Return type None

Raises ValueError —if src is not of MemoryMappedArray instance

copy_to (self, dest)
Copy values to destination MemoryMappedArray

Parameters dest (MemoryMappedArray)— Destination memory mapped arrays
Returns
Return type None

Raises ValueError —if dest is not of MemoryMappedArray instance

KnightRuizNorm class
class KnightRuizNorm
A modified Knight-Ruiz algorithm for matrix balancing

The original ported Knight-Ruiz algorithm is modifed to implement the normalization using both memory/RAM
and disk. It allows the normalization of small Hi-C maps to huge maps that could not be accomodated in RAM.

Parameters

* A (numpy.ndarray or MemoryMappedArray)— Input matrix.

Note:

— Matrix should not contain any row or column with all zero values (missing data for
row/column). This type of matrix can be obtained from remove_zeros ().

— If memory="HDD"', A should be MemoryMappedArray

* memory (str)— Accepted keywords are RAM and HDD:

— RAM: All intermediate arrays are generated in memory(RAM). This version is faster, how-
ever, it requires RAM depending on the input matrix size.

— HDD: All intermediate arrays are generated as memory mapped array files on hard-disk.

* workDir (str) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the OS type.
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run (self, A, fl, OutMatrix, bNoData)
Perform Knight-Ruiz normalization

Parameters

gcmap module

e A (numpy.ndarray or MemoryMappedArray.arr)— Input matrix.

Note:

— Matrix should not contain any row or column with all zero values (missing data for
row/column). This type of matrix can be obtained from remove_zeros ().

Warning: If A was MemoryMappedArray in KnightRuizNorm. Here A should
be MemoryMappedArray.arr instead of MemoryMappedArray.

e £1 (int) - Its value should be zero

* OutMatrix (gcMapExplorer.lib.ccmap.CCMAP.matrix) — Output matrix of
Hi-C map to which normalized matrix is returned.

* bNoData (numpy.ndarray [bool]) — A numpy.array containing bool to show if
rows/columns have missing data. It can be obtained from remove_zeros ().

gcmap . GCMAP(hdf5[, mapName, chromAtX, ...]) To access Genome wide contact map.
gcmap . GCMAP . changeMap([mapName, chromAtX, Change the map from
)]
gcmap . GCMAP . changeResolut ion(resolution) Try to change contact map of a given resolution.
gcmap.GCMAP . toFinerResolution() Try to change contact map to next finer resolution
gcmap . GCMAP . toCoarserResolution() Try to change contact map to next coarser resolution
gcmap . GCMAP . 1oadSmallestMap([resolution]) Load smallest sized contact map
gcmap . GCMAP . genMapNameL 1 st([sortBy]) Generate list of contact maps available in gcmap file
gcmap . GCMAP . per formDownSamp 1 1ing([method]) Downsample recursively and store the maps
gcmap . loadGCMapAsCCMap(filename[, mapName, Load a map from gcmap file as a gcMapExplorer.
)] 1ib.ccmap.CCMAP.
gcmap . addCCMap2GCMap(cmap, filenamel, ...]) Add gcMapExplorer.lib.ccmap.CCMAP to a
gcmap file

gcmap . changeGCMapCompression(infile, ...[, ...]) Change compression method in GCMAP file

GCMAP class

class GCMAP (hdf5, mapName=None, chromAtX=None, chromAtY=None, resolution=None)
To access Genome wide contact map.

It is similar to gcMapExplorer.lib.ccmap.CCMAP and contains same attributes. Therefore, both
gcMapExplorer.lib.ccmap.CCMAP and GCMAP can be used in same way to accesss attributes. It also
contains additional attributes because it uses HDFS5 file to read the maps on demand.

Structure of gcmap file:
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HDF'5

|

77777 chrl —-—-- Attributes ["xlabel', 'ylabel', 'compression']

| |

| —-——— 10kb ( 2D Numpy Array ) —- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 20kb ( 2D Numpy Array ) —- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 40kb ( 2D Numpy Array ) —- Attributes ['minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 60kb ( 2D Numpy Array ) ——- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| -——— 80kb ( 2D Numpy Array ) —- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 160kb ( 2D Numpy Array ) —— Attributes ['minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 320kb ( 2D Numpy Array ) ——- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 640kb ( 2D Numpy Array ) —-- Attributes ["'minvalue',
—'maxvalue', 'xshape', 'yshape', 'binsize']

| |

| ———— 10kb-bNoData ( 1D Numpy Array )

| —-——— 20kb-bNoData ( 1D Numpy Array )

| ———— 40kb-bNoData ( 1D Numpy Array )

| ———— 60kb-bNoData ( 1D Numpy Array )

| —-——— 80kb-bNoData ( 1D Numpy Array )

| —-——— 160kb-bNoData ( 1D Numpy Array )

| —-——— 320kb-bNoData ( 1D Numpy Array )

| —-——— 640kb-bNoData ( 1D Numpy Array )

|

————— chr2 —-—-—- Attributes ['xlabel', 'ylabel', 'compression']

| |

| —-——— 10kb ( 2D Numpy Array ) -- Attributes ['minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 20kb ( 2D Numpy Array ) —-- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| ———— 40kb ( 2D Numpy Array ) —- Attributes ["'minvalue',
—'maxvalue', 'xshape', 'yshape', 'binsize']

| -——— 60kb ( 2D Numpy Array ) —- Attributes ['minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| -——— 80kb ( 2D Numpy Array ) —- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 160kb ( 2D Numpy Array ) ——- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 320kb ( 2D Numpy Array ) —-- Attributes ["'minvalue',
—'maxvalue', 'xshape', 'yshape', 'binsize']

| —-——— 640kb ( 2D Numpy Array ) —-- Attributes ["'minvalue',
— 'maxvalue', 'xshape', 'yshape', 'binsize']

| |

| —-——— 10kb-bNoData ( 1D Numpy Array )

| ———— 20kb-bNoData ( 1D Numpy Array )

| ———— 40kb-bNoData ( 1D Numpy Array )

| —-——— 60kb-bNoData ( 1D Numpy Array )

| ———— 80kb-bNoData ( 1D Numpy Array )

| —-——— 160kb-bNoData ( 1D Numpy Array )

| ———— 320kb-bNoData ( 1D Numpy Array )

| ———— 640kb-bNoData ( 1D Numpy Array )
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Note:

*Reading the entire map from HDF5 could be time taking for very large map. Therefore, use this class in
cases like read small region of map or read only once.

*To perform calculation, use gcMapExplorer.lib.gcmap.loadGCMapAsCCMap () as it returns
gcMapExplorer.lib.ccmap.CCMAP.

The class is instantiated by two methods:

>>> ccMapObj = gcMapExplorer.lib.ccmap.CCMAP (hdf5, 'chr22') # To read,
—chr22 vs chr22 map

>>> ccMapObj.matrix[200:400, 200:400] # Read region between 200 to 400 of
—chr22 vs chr22 map.

Parameters

* hdf5 (str or h5py.File)— Either gcmap file name or h5py file object, which is an
entry point to HDFS file.

* mapName (st r)— Name of contact map. e.g.: chrl or chr2.
¢ chromAtX (st r)— Name of chromosome at X-axis

¢ chromAtY (st r)— Name of chromosome at Y-axis. If chromAtY = None, both x-axis
and y-axis contains same chromosome and map is of ‘intra’ of ‘cis’ type.

* resolution (str)— Resolution of required map.
yticks
list — Minimum and maximum locations along Y-axis. e.g. yticks=[0, 400000]

xticks

list — Minimum and maximum locations along X-axis. e.g. xticks=[0, 400000]
binsize

int — Resolution of data. In case of 10kb resolution, binsize is 10000.

title
str — Title of the data

xlabel
str — Title for X-axis, which is chromosome name along X-axis

ylabel
str — Title for Y-axis, which is chromosome name along Y-axis

shape
tuple — Overall shape of matrix

minvalue
float — Minimum value in matrix

maxvalue
float — Maximum value in matrix
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matrix
h5py.Dataset — A HDF5 Dataset object pointing to matrix/map. See here for more details:

bNoData
numpy.ndarray — A boolean numpy array of matrix shape

blLog
bool — If values in matrix are in log

dtype
str — Data type of matrix/map

mapType

str — Type of map: intra or inter chromosomal map. If chromosome along X- and Y- axis is same,
then map is intra-chromosomal, otherwise map is inter-chromosomal.

hdf5
h5py.File — HDFS file object instance

fileOpened
bool — Whether a file is opened inside object or a HDFS5 file object is provided to object. When a file is
opened by object, it is closed before object is destroyed.

groupName
str — Name of current contact map or group name in HDFS5 file

resolution
str — Resolution of current contact map

finestResolution
str — Finest available resolution of current contact map

binsizes
list — List of binsizes available for current contact map

mapNameList
list — List of all available contact maps in gcmap file

changeMap (mapName=None, chromAtX=None, chromAtY=None, resolution=None)
Change the map from

It can be used to change the map. For example, to access the map of ‘chr20’ instead of ‘chr22’, use this
function.

For example:

>>> ccMapObj = gcMapExplorer.lib.ccmap.CCMAP (hdf5, 'chr22'") # To read,
—chr22 vs chr22 map

>>> ccMapObj.matrix[200:400, 200:400] +# To access region between 200 to,,
—400 of chr22 vs chr22 map.

>>> ccMapObj.changeMap ('chr20"') # Changed to read chr20 vs chr20_
—map

>>> ccMapObj.matrix[200:400, 200:400] +# Now, to access region between,
—200 to 400 of chr20 vs chr20 map.

changeResolution (resolution)
Try to change contact map of a given resolution.

Parameters resolution (str)— Resolution to change.
Returns success — If change was successfu True otherwise False.

Return type bool
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genMapNameList (sortBy="name’)
Generate list of contact maps available in gcmap file

The maps can be either sorted by name or by size. The listed maps are in GCMAP . mapNameList.
Parameters sortBy (st r)— Accepted keywords are name and size.

get_ticks (binsize=None)
To get xticks and yticks for the matrix

Parameters binsize (int)— Number of base in each bin or pixel or box of contact map.
Returns

* xticks (numpy.array) — 1D array containing positions along X-axis

e yticks (numpy.array) — 1D array containing positions along X-axis

loadSmallestMap (resolution=None)
Load smallest sized contact map

Parameters resolution (str)— Resolution to change. When it is not provided, finest reso-
lution of smallest maps is loaded.

performDownSampling (method="sum’)
Downsample recursively and store the maps

It Downsample the maps and automatically add it to same input gcmap file. Downsampling works recur-
sively, and downsampled maps are generated untill map has a size of less than 500.

Parameters method (str) — Method of downsampling. Three accepted methods are sum:
sum all values, mean: Average of all values and max: Maximum of all values.

toCoarserResolution ()
Try to change contact map to next coarser resolution

Returns success — If change was successfu True otherwise False.
Return type bool

toFinerResolution ()
Try to change contact map to next finer resolution

Returns success — If change was successfu True otherwise False.

Return type bool

gcMapExplorer.gcmap

loadGCMapAsCCMap (filename, mapName=None, chromAtX=None, chromAtY=None, resolution=None,

workDir=None)
Load a map from gcmap file as a gcMapExplorer.lib.ccmap.CCMAP.

Parameters

* filename (str) - Either a gcmap file or hSpy.File instance or GCMAP.hdf5 from which
contact map data will be read.

* mapName (st r)— Name of contact map. e.g.: chrl or chr2.
e chromAtX (str)— Name of chromosome at X-axis

* chromAtY (st r)— Name of chromosome at Y-axis. If chromAtY = None, both x-axis
and y-axis contains same chromosome and map is of ‘intra’ of ‘cis’ type.
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* resolution (str) — Resolution of required map. If contact map of input resolution is
not found, None will be returned.

* workDir (str)— Name of directory where temporary files will be kept. These files will
be automatically deleted.

Returns object
Return type None or gcMapExplorer.1ib.ccmap.CCMAP

addCCMap2GCMap (cmap, filename, compression="Izf’, generateCoarse=True, coarsingMethod="sum’, re-

placeCMap=True, logHandler=None)
Add gcMapExplorer.lib.ccmap.CCMAP to a gcmap file

Parameters

* cmap (gcMapExplorer.lib.ccmap.CCMAP) — An instance of gcMapExplorer.
1ib.ccmap.CCMAP, which will be added to gcmap file

* filename (str)— Name of gcmap file or h5py.File instance or GCMAP.hdf5 to which
output data will be written.

* compression (str)— Compression method. Presently allowed : 1zf for LZF compres-
sion and gz ip for GZIP compression.

* generateCoarse (bool) — Also generates all coarser maps where resolutions will be
coarsed by a factor of two, consequetively. e.g.: In case of 10 kb input resolution, down-
sampled maps of 20kb, 40kb, 80kb, 160kb, 320kb etc. will be generated untill, map
size is less than 500.

* coarsingMethod (st r)— Method of downsampling. Three accepted methods are sum:
sum all values, mean: Average of all values and max: Maximum of all values.

* replaceCMap (bool)— Replace entire old ccmap data including resolutions and coarsed
data.

Returns success — If addition was successful True otherwise False.
Return type bool

changeGCMapCompression (infile, outfile, compression, logHandler=None)
Change compression method in GCMAP file

Change compression method in GCMAP file. Currently LZF and GZIP compression is allowed. LZF is fast and
moderately compressing algorithm. However, GZIP is slower with large compressing ratio.

Warning: GCMAP with gz ip compression can be universally read from any programming language using
HDFS5 library, however LZF compression can be only decompressed using Python hSpy package.

Parameters
e infile (str)— Input GCMAP file
* outfile (str)— Output GCMAP file

* compression (str)— Method of compression: Izf* or gzip

importer module
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importer.CooMatrixHandler([inputFiles, ...])

To import ccmap from files similar to sparse matrix in Co-
ordinate (COQ) format

importer.CooMatrixHandler.
save_ccmaps([...])

To Save all Hi-C maps

importer.CooMatrixHandler.
save_gcmap(outputFile)

To Save all Hi-C maps as a gcmap file

importer.CooMatrixHandler.
setLabels(xlabels, ...)

To set xlabels and ylabels for contact maps

importer.CooMatrixHandler.
setOutputFileList(...)

To set list of output files

importer.PairCooMatrixHandler(inputFile[,

)

To import ccmap from files similar to paired sparse matrix
Coordinate (COO) format

importer.PairCooMatrixHandler.
setGCMapOpt ions([...])

Set options for output gcmap file

importer.PairCooMatrixHandler.
runConversion()

Perform conversion and save to ccmap and/or gcmap file.

importer.HomerInputHandler([inputFiles, ...])

To import ccmap from Hi-C maps generated by HOMER

importer.HomerInputHandler.
save_ccmaps(outdir)

Import and save ccmap file

importer.HomerInputHandler.
save_gcmap(outputFile)

To Save all Hi-C maps as a gcmap file

importer.BinsNContactFilesHandler(binFile,

)

To import Hi-C map from bin and contact file in list format

importer.BinsNContactFilesHandler.
save_ccmaps(outdir)

Import and save ccmap file

importer.BinsNContactFilesHandler.
save_gcmap(...)

To Save all Hi-C maps as a gcmap file

importer.gen_map_from locations_value(,

i)

To generate CCMAP object from three lists — i, j, value

CooMatrixHandler class

class CooMatrixHandler (inputFiles=None,

inputCompressedFile=None,

mapType="intra’, resolu-

tion=None, coordinate="real’, workDir=None, logHandler=None)
To import ccmap from files similar to sparse matrix in Coordinate (COO) format

Two types of coordinates are accepted:

* with coordinate="real"' pair of absolute binned locations on chromosome

e with coordinate="index"' row and column index of matrix. index should always start from
zero for absoulte beginning of chromosome. e.g. for 10kb, 0-10000 should have index of zero,
10000-20000 have index of one. If this is file format, resolution should be provided explicitly.

Warning: Input file should contain matrix for only one chromosome.

Following file format can be read as a text file, where first and second column is location on chromosome and

third column is the value:

20000000 20000000 2692.0
20000000 20100000 885.0
20100000 20100000 6493.0
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20000000 20200000 15.0
20100000 20200000 52.0
20200000 20200000 2.0
20000000 20300000 18.0
20100000 20300000 40.0

To Instantiate this class, three scenarios are possible:

e Text in Archive: Bothalist of input files and a compressed file is given. It means look for input
files in compressed file.

* Text: Only a list of input files is given. It means, read data directly from input file.

e Archive: Only a compressed file is given. It means, read all files present in compressed files.

Parameters
* inputFiles (str or I1ist)-name of ainput file or list of input files
* inputCompressedFile (str)—name of input tar archive
* mapType (st r)— Type of HiC map
— intra: for intra-chromosomal map
— inter: for inter-chromosomal map

* resolution (str) —resolution of HiC map. Example: ‘100kb’, ‘10kb’ or ‘25kb’ etc. If
None, resolution will be determined from the input file.

* workDir (str)— Directory where temporary files will be stored.

inputFilelist
list — List of input files. It could be None when not provided.

inputType
str — Type of input. Three types: Text, Text in Archive and Archive are determined from user
input.

inputCompressedFile

str — Name of input compressed file. It could be None when not provided.

outputFilelist
str — List of Output files

compressType
str — Format of compressed file. It could be etiher . tar or . zip or None

compressHandle
ZipFile or TarFile — An object to handle compressed file. It could be ZipFile or TarFile instance depending
on compressed format.

mapType
str — Types of HiC map * intra: for intra-chromosomal map * inter: for inter-chromosomal map
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coordinate
str — Coordinate type in input text file. It could be either real for real locations or index for rows and
column indices.

resolution
str — resolution of HiC map. Example: ‘100kb’, ‘10kb’ or “25kb’ etc. If None, resolution will be deter-
mined from the input file.

If coordinate="index", resolution is essential for further processing.

workDir
str — Directory where temporary files will be stored. If not provided, directory name will be taken from
configuration file.

save_ccmaps (outputFiles=None, xlabels=None, ylabels=None, compress=True)
To Save all Hi-C maps

This function reads input files one by one and save it as a . ccmap file.
Parameters

* outputFiles (str or 1ist)-—Name of aoutput file or list of output files. For each
input file, a respective output file will be generated, therefore, number of input and output
files should match.

e xlabels (str or 1ist)—Name of the data along X-axis or list of names of the data
for respective input files.

* ylabels (str or 1ist)- Name of the data along y-axis or list of names of the data
for respective input files. if it is None, ylabels will be same as xlabels.

e compress (bool) — If True, numpy array (matrix) file will be compressed to reduce
storage memory.

save_gcmap (outputFile, xlabels=None, ylabels=None, coarsingMethod="sum’, compression="1Izf")
To Save all Hi-C maps as a gcmap file

This function reads input files one by one and save it as a . gcmap file.
Parameters
* outputFile (str)— Name of a output gcmap file.

e xlabels (str or 1ist)-Name of the data along X-axis or list of names of the data
for respective input files.

e ylabels (str or 1ist)—Name of the data along y-axis or list of names of the data
for respective input files. if it is None, ylabels will be same as xlabels.

* coarsingMethod (str) — Method of downsampling. Three accepted methods are
sum: sum all values, mean: Average of all values and max: Maximum of all values.

* compression (str)— Compression method. Presently allowed : 1zf for LZF com-
pression and gz ip for GZIP compression.

setLabels (xlabels, ylabels)
To set xlabels and ylabels for contact maps

xlabel and ylabel act as a title of data along X-axis and Y-axis respectively.
Parameters

* xlabels (str or 1ist)-Name of the data along X-axis or list of names of the data
for respective input files.
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e ylabels (str or 1ist)—Name of the data along y-axis or list of names of the data
for respective input files.

setOutputFilelist (outputFiles)
To set list of output files

Parameters outputFiles (str or 1ist)- Name of a output file or list of output files.
For each input file, a respective output file will be generated, therefore, number of input and
output files should match.

PairCooMatrixHandler class

class PairCooMatrixHandler (inputFile, ccmapOutDir=None, ccmapSuffix=None, gcmapOut=None,

workDir=None, logHandler=None)
To import ccmap from files similar to paired sparse matrix Coordinate (COO) format

This format is very similar to COO format with addiotional infromation of chromosome. Therefore, maps for
all chromosome could be contained in a single file.

This type of format appeared with following publication:

e http://dx.doi.org/10.1016/j.cell.2015.10.026 — https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE72512

Following file format can be read as a text file, where first and second column is location on chromosome and
third column is the value:

chrd 60000 75000 chri4 60000 75000 0.1163470887070292

chri4 60000 75000 chr4 105000 120000 0.01292745430078102

chr4 60000 75000 chr4d 435000 450000 0.01292745430078102

chr4d 75000 90000 chri4 75000 90000 0.05170981720312409

chr4 75000 90000 chr4 345000 360000 0.01292745430078102

chr4 90000 105000 chr4 90000 105000 0.01292745430078102
Parameters

* inputFile (str)—name of a input file
* ccmapOutDir (str)—name of directory where all ccmap file will be stored.
* ccmapSuffix (str)— Suffix for ccmap file name.
* gcmapOut (st r) — Name of output gcmap file.
* workDir (st r)— Directory where temporary files will be stored.
inputFile
str —name of a input file

ccmapOutDir
str — name of directory where all ccmap file will be stored.

ccmapSuffix
str — Suffix for ccmap file name.
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gcmapOut
str — Name of output gcmap file.

gcmapOutOptions
dict — Dictionary for gcmap output options.

workDir
str — Directory where temporary files will be stored.

Examples

>>> pair_map_handle =_

—PairCooMatrixHandler ('GSM1863750_tethered_repl_contacts.txt',
—gcmapOut="GSM1863750_tethered_repl_contacts.gcmap')

>>> pair_map_handle.setGCMapOptions ()

>>> pair_map_handle.runConversion ()

runConversion ()
Perform conversion and save to ccmap and/or gcmap file.

Read the input file, process the data, and convert it to ccmap or gcmap file. For output gcmap,
PairCooMatrixHandler.setGCMapOptions () should be called to set the neccessary options.

setGCMapOptions (compression="Izf’,  generateCoarse=True,  coarsingMethod="sum’, re-

placeCMap=True)
Set options for output gcmap file

Parameters

* compression (str) — Compression method. Presently allowed : 1zf for LZF com-
pression and gz ip for GZIP compression.

* generateCoarse (bool) — Also generates all coarser maps where resolutions will
be coarsed by a factor of two, consequetively. e.g.: In case of 10 kb input resolution,
downsampled maps of 20kb, 40kb, 80kb, 160kb, 320kb etc. will be generated untill,
map size is less than 500.

* coarsingMethod (str) — Method of downsampling. Three accepted methods are
sum: sum all values, mean: Average of all values and max: Maximum of all values.

* replaceCMap (bool) — Replace entire old ccmap data including resolutions and
coarsed data.

HomerlnputHandler class

class HomerInputHandler (inputFiles=None, inputCompressedFile=None, workDir=None, logHan-

dler=None)
To import ccmap from Hi-C maps generated by HOMER

HOMER package generates the Hi-C interaction matrices in text file. This Hi-C interaction file can be imported
using this class. HOMER format interaction matrix file may contain data for all the chromsomes while this class
separatly read and save matrix of each chromosome.

To Instantiate this class, three scenarios are possible:

* Text in Archive: Bothalist of input files and a compressed file is given. It means look for input
files in compressed file.

e Text: Only a list of input files is given. It means, read data directly from input file.
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e Archive: Only a compressed file is given. It means, read all files present in compressed files.

Parameters

* inputFiles (str or list)- Name of a input file or list of input files. If None, all
files from compressed files are used as input files.

* inputCompressedFile (str) — Name of input compressed file. Accepted formats:
tar.gz,tar.bz2 and zip.

* workDir (str)— Directory where temporary files will be stored. If it is not provided, this
value is taken from configuration file.

inputFilelist
list — List of input files. It could be None when not provided.

inputType
str — Type of input. Three types: Text, Text in Archive and Archive are determined from user
input.

inputCompressedFile

str — Name of input compressed file. It could be None when not provided.

compressType
str — Format of compressed file. It could be etiher . tar or . zip or None

compressHandle
ZipFile or TarFile — An object to handle compressed file. It could be ZipFile or TarFile instance depending
on compressed format.

workDir
str — Directory where temporary files will be stored.

fins
list[output file stream] — Input file stream for each input files

chromList
list[str] — List of chromosome found in input files

resolution
str — Resolution of map

fTmpOutNames
list[str] — List of temporary output files where data for each chromosomes are extracted separately

fTmpOut
list[output file stream] — List of output file streams for respective temporary output files

save_ccmaps (outdir, suffix=None)
Import and save ccmap file

Read input files, save data temporarily in text file for each chromosome and import these data to native
ccmap format using CooMatrixHandler class.

Note:

*Output file names will be automatically generated as <chromosome>_<resolution>.ccmap
format. e.g. chr12_10kb.ccmap.

*A suffix can be added to all files as <chromosome>_<resolution>_<suffix>.ccmap for-
mat. e.g. if suffix="'_RawObserved', file name is chr12_10kb_RawObserved.ccmap.
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Parameters
* outdir (str)— Path to directory where all ccmaps have to be saved
* suffix (str)— Any suffix to file name
save_gcmap (outputFile, coarsingMethod="sum’, compression="lzf")
To Save all Hi-C maps as a gcmap file
This function reads input files one by one and save it as a . gcmap file.
Parameters
* outputFile (str)— Name of a output gcmap file.

* coarsingMethod (str) — Method of downsampling. Three accepted methods are
sum: sum all values, mean: Average of all values and max: Maximum of all values.

* compression (str) — Compression method. Presently allowed : 1zf for LZF com-
pression and gz ip for GZIP compression.

BinsNContactFilesHandler class

class BinsNContactFilesHandler (binFile, contactFile, workDir=None, logHandler=None)
To import Hi-C map from bin and contact file in list format

These types of files are appeared in following GEO data:
¢ http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE61471
e http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34453

Parameters
* binFile (str)— Bin file
e contactFile (str) - Contact file in list format
* workDir (str)— Directory where temporary files will be stored. If it is not provided, this
value is taken from configuration file.
binFile
str — Bin file

contactFile
str — Contact file in list format

ChromSize
dict — Dictionary of Chromosome size

ChromBinsInfo
dict — Dictionary of min (start) and max (end) bin number for each Chromosome

npyBinFileList

dict — Dictionary containing tuple (memmap stream, Temporary numpy array file name)
binsize

int — Bin size of Hi-C map

ccmaps
dict — Dictionary of CCMAP instances for each Chromosome
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save_ccmaps (outdir, suffix=None)
Import and save ccmap file

Read input files, save data temporarily for each chromosome and import these data to native ccmap format.
..note::

* Output file names will be automatically generated as <chromosome>_<resolution>.
ccmap format. e.g. chr12_10kb.ccmap.

* A suffix can be added to all files as <chromosome>_<resolution><suffix>.ccmap
format. e.g. if suffix="'_RawObserved', file name is chr12_10kb_RawObserved.
ccmap.

Parameters
* outdir (str) - Path to directory where all ccmaps have to be saved
* suffix (str)— Any suffix to file name
save_gcmap (outputFile, coarsingMethod="sum’, compression="Izf")
To Save all Hi-C maps as a gcmap file
This function reads input files one by one and save it as a . gcmap file.
Parameters
* outputFile (str)— Name of a output gcmap file.

* coarsingMethod (str) — Method of downsampling. Three accepted methods are
sum: sum all values, mean: Average of all values and max: Maximum of all values.

* compression (str)— Compression method. Presently allowed : 1zf for LZF com-
pression and gz ip for GZIP compression.

Other functions of importer module

gen_map_from_locations_value (i, j, value, resolution=None, mapType='intra’, workDir=None,
logHandler=None)
To generate CCMAP object from three lists — i, j, value

Parameters
e i (list[int])— Listof first location from each pair
* j(1ist[int]) - Listof second location from each pair
* resolution (st r)— Resolution of Hi-C map
* mapType (str)—Hi-C map type: intra or inter chromosomal map
* value (list [float])— Listof values for respective location

* workDir (str)— Directory where temporary files will be stored. If it is not provided, this
value is taken from configuration file.

Returns ccMapObj — A CCMAP object

Return type gcMapExplorer.lib.ccmap.CCMAP

normalizer module
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normalizer.NormalizeKnightRuizOriginal(ccMapi@bjal Knight-Ruiz algorithm for matrix balancing

normalizer.normalizeCCMapByKR(ccMapl, ...]) Normalize a ccmap using Knight-Ruiz matrix balancing
method.

normalizer.normalizeGCMapByKR(...[, ...]) Normalize a gcmap using Knight-Ruiz matrix balancing
method.

normalizer.normalizeCCMapByIC(ccMap[, tol, Normalize a ccmap by Iterative correction method

)

normalizer.normalizeGCMapByIC(...[, vmin,...]) Normalize a gcmap using Iterative Correction.

normalizer.normalizeCCMapByMCFS(ccMapl, Scale ccmap using Median Contact Frequency
]
normalizer.normalizeGCMapByMCES(...[, ...]) Scale all maps in gcmap using Median Contact Frequency

NormalizeKnightRuizOriginal (ccMapObj, tol=1e-12, x0=None, delta=0.1, Delta=3, fl=0)
Original Knight-Ruiz algorithm for matrix balancing

Ported from a matlab script given in the supporting information of the following paper:

¢ PA. Knight and D. Ruiz (2013). A fast algorithm for matrix balancing (2013). IMA Journal of
Numerical Analysis, 33, 1029-1047”

e Matrix must be symmetric and non-negative

 For input matrix A, this function find a vector X such that diag(X)*A*diag(X) is close to doubly
stochastic.

Warning:
*This is original ported code and kept here for comparison and testing.

*Do not use it because for large matrix it may end up with consuming all the memory for large matrix.

Parameters ccMapObj (gcMapExplorer.lib.ccmap.CCMAP)— A CCMAP object contain-
ing observed contact frequency

Returns normCCMap — Normalized Contact map.
Return type CCMAP

normalizeCCMapByKR (ccMap, memory="RAM’, tol=1e-12, outFile=None, vmin=None, vmax=None, per-

centile_thershold_no_data=None, thershold_data_occup=None, workDir=None)
Normalize a ccmap using Knight-Ruiz matrix balancing method.

Note:

*This  function uses a modified version of orginal ported code given in
NormalizeKnightRuizOriginal ().

*Please refer to: P.A. Knight and D. Ruiz (2013). A fast algorithm for matrix balancing (2013). IMA
Journal of Numerical Analysis, 33, 1029-1047

Parameters

* ccMap (gcMapExplorer.lib.ccmap . CCMAP or ccmap file) — A CCMAP object con-
taining observed contact frequency or a ccmap file.
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* memory (st r)— Accepted keywords are RAM and HDD:

— RAM: All intermediate arrays are generated in memory(RAM). This version is faster, how-
ever, it requires RAM depending on the input matrix size.

— HDD: All intermediate arrays are generated as memory mapped array files on hard-disk.

* tol (float) — Tolerance for matrix balancing. Smaller tolreance increases accuracy in
sums of rows and columns.

* outFile (str)— Name of output ccmap file, to save directly the normalized map as a
ccmap file. In case of this option, None will return.

* vmin (float)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.

* vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

* percentile_thershold _no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

* thershold _data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

* workDir (str) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the main configuration.

Returns ccMapObj — Normalized Contact map. When outFile is provided, None is returned.
In case of any other error, None is returned.

Return type gcMapExplorer.lib.ccmap.CCMAP or None
normalizeGCMapByKR (gcMaplnputFile, gcMapOutFile, mapSizeCeilingForMemory=20000, vmin=None,

vmax=None, tol=1e-12, percentile_thershold_no_data=None, thersh-

old_data_occup=None, compression="lzf’, workDir=None, logHandler=None)
Normalize a gcmap using Knight-Ruiz matrix balancing method.

Parameters
* gcMapInputFile (str)— Name of input gcmap file.
* gcMapOutFile (str)— Name of output gcmap file.

* mapSizeCeilingForMemory (int)— Maximum size of contact map allowed for cal-
culation using RAM. If map size or shape is larger than this value, normalization will be
performed using disk (HDD).
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* vmin (float)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.

* vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

tol (float) — Tolerance for matrix balancing. Smaller tolreance increases accuracy in
sums of rows and columns.

* percentile_thershold no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

* thershold_data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

* compression (str) — Compression method in output gcmap file. Presently allowed :
1z f for LZF compression and gz ip for GZIP compression.

* workDir (str) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the main configuration.

Returns

Return type None
See also:
gcMapExplorer.lib.normalizer.normalizeCCMapByKR ()

normalizeCCMapByIC (ccMap, tol=0.0001, vinin=None, vmax=None, outFile=None, iteration=500, per-

centile_thershold_no_data=None, thershold_data_occup=None, workDir=None)
Normalize a ccmap by Iterative correction method

This method normalize the raw contact map by removing biases from experimental procedure. For more details,
see this publication.

Parameters

* ccMap (gcMapExplorer.1lib.ccmap.CCMAP or ccmap file.) — A CCMAP object
containing observed contact frequency or a ccmap file

* tol (float) — Tolerance value. If variance of Delta-B is less than tolerance, stop the
iterative process.

e vmin (float)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.
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* vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

* outFile (str)— Name of output ccmap file, to save directly the normalized map as a
ccmap file. In case of this option, None will return.

* iteration (int)— Number of iteration to stop the normalization.

* percentile_thershold no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

* thershold _data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

* workDir (str) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the main configuration.

Returns normCCMap — Normalized Contact map. When outF1ile is provided, None is returned.
In case of any other error, None is returned.

Return type gcMapExplorer.lib.ccmap.CCMAP or None

normalizeGCMapByIC (gcMaplnputFile, gcMapOutFile, vmin=None, vmax=None, tol=Ie-12, iter-
ation=500, percentile_thershold_no_data=None, thershold_data_occup=None,

compression="lzf", workDir=None, logHandler=None)
Normalize a gcmap using Iterative Correction.

This method normalize the raw contact map by removing biases from experimental procedure. For more details,
see this publication.

Parameters
* gcMapInputFile (str)— Name of input gcmap file.
* gcMapOutFile (str)— Name of output gcmap file.

e vmin (float)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.

e vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

* tol (float) — Tolerance value. If variance of Delta-B is less than tolerance, stop the
iterative process.

* iteration (int)— Number of iteration to stop the normalization.
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Returns

percentile_thershold_no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

thershold _data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

compression (str) — Compression method in output gcmap file. Presently allowed :
1z f for LZF compression and gz ip for GZIP compression.

workDir (st r) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the main configuration.

Return type None

See also:

gcMapExplorer.lib.normalizer.normalizeCCMapByIC ()

normalizeCCMapByMCF'S (ccMap, stats="median’, vmin=None, vmax=None, outFile=None,

percentile_thershold_no_data=None, thershold_data_occup=None,
workDir=None)

Scale ccmap using Median Contact Frequency

This method can be used to normalize contact map using Median contact values for particular distance between
two locations/coordinates. At first, Median distance contact frequency for each distance is calculated. Subse-
quently, the observed contact frequency is divided by median contact frequency obtained for distance between
the two locations.

Parameters

ccMapObj (gcMapExplorer.lib.ccmap. CCMAP or ccmap file) — A CCMAP object
containing observed contact frequency or a ccmap file

stats (str) — Statistics to be calculated along diagonals: It may be either “mean” or
“median”. By default, it is “median”.

vmin (£1oat)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.

vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

outFile (str)— Name of output ccmap file, to save directly the normalized map as a
ccmap file. In case of this option, None will return.
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* percentile_thershold_no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

* thershold _data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

* workDir (str) — Path to the directory where temporary intermediate files are generated.
If None, files are generated in the temporary directory according to the main configuration.

Returns ccMapObj — Normalized Contact map. When outFile is provided, None is returned.
In case of any other error, None is returned.

Return type gcMapExplorer.lib.ccmap.CCMAP or None

normalizeGCMapByMCF'S (gcMaplnputFile, gcMapOutFile, stats='median’, vmin=None, vmax=None,
percentile_thershold_no_data=None, thershold_data_occup=None, compres-

sion="lzf’, workDir=None, logHandler=None)
Scale all maps in gcmap using Median Contact Frequency

This method can be used to normalize contact map using Median contact values for particular distance between
two locations/coordinates. At first, Median distance contact frequency for each distance is calculated. Subse-
quently, the observed contact frequency is divided by median contact frequency obtained for distance between
the two locations.

Parameters
* gcMapInputFile (str)— Name of input gcmap file.
* gcMapOutFile (str)— Name of output gcmap file.

* stats (str) — Statistics to be calculated along diagonals: It may be either “mean” or
“median”. By default, it is “median”.

* vmin (float)— Minimum thershold value for normalization. If contact frequency is less
than or equal to this thershold value, this value is discarded during normalization.

* vmax (float) — Maximum thershold value for normalization. If contact frequency is
greater than or equal to this thershold value, this value is discarded during normalization.

* percentile_thershold_no_data (int) — It can be used to filter the map,
where rows/columns with largest numbers of missing data can be discarded.
percentile_thershold_no_data should be between 1 and 100. This options dis-
card the rows and columns which are above this percentile. For example: if this value is 99,
those row or columns will be discarded which contains larger than number of zeros (missing
data) at 99 percentile.
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cmstats module

Returns

To calculate percentile, all blank rows are removed, then in all rows, number of zeros are
counted. Afterwards, number of zeros at percentile_thershold_no_data percentile is ob-
tained. In next step, if a row contain number of zeros larger than this percentile value, the
whole row and column is assigned to have missing data. This percentile indicates highest
numbers of zeros (missing data) in given rows/columns.

thershold_data_occup (float) — It can be used to filter the map, where
rows/columns with largest numbers of missing data can be discarded. This ratio is (number
of bins with data) / (total number of bins in the given row/column). For example: if ther-
shold_data_occup = 0.8, then all rows containing more than 20% of missing data will be
discarded.

Note that this parameter is suitable for low resolution data because maps are likely to be
much less sparse.

compression (str)— Compression method in output gcmap file. Presently allowed :
1z f for LZF compression and gz ip for GZIP compression.

* workDir (str) — Path to the directory where temporary intermediate files are generated.

If None, files are generated in the temporary directory according to the main configuration.

Return type None

See also:

gcMapExplorer.lib.normalizer.normalizeCCMapByMCFE'S ()

cmstats.correlateCMaps(ccMapObjOne, To calculate correlation between two Hi-C maps

ccMapObjTwo)

cmstats.getAvgContactByDistance(ccmaps|,

stats])

To calcualte average contact as a function of distance

correlateCMaps (ccMapObjOne, ccMapObjTwo, ignore_triangular=True, diagonal_offset=1, cor-

rType="pearson’, blockSize=None, slideStepSize=1, cutoffPercentile=None,
workDir=None, outFile=None, logHandler=None)

To calculate correlation between two Hi-C maps

This function can be used to calculate either Pearson or Spearman rank-order correlation between two Hi-C
maps. It also ignore lower-trangular matrix with diagnonal offset to avoid duplicate and large values.

Parameters

* ccMapObjOne (gcMapExplorer.lib.ccmap.CCMAP) —First gcMapExplorer.

1ib.ccmap.CCMAP instance containing Hi-C data

ccMapObjTwo (gcMapExplorer.lib.ccmap.CCMAP) - Second
gcMapExplorer.1lib.ccmap . CCMAP instance containing Hi-C data

ignore_triangular (bool) — Whether entire matrix is considered or only one half
triangular region of matrixis considered.

diagonal_offset (int) - If ignore_triangular=True, itis used to determine
how much bins are ignored from the diagonal in one half triangular region of matrix.
diagonal_offset = 0 is the main diagonal, diagonal_offset > 0 means ig-
nore this many bins from the diagonal.

2.1.

Contents

125


https://docs.python.org/2/library/functions.html#float
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/constants.html#None
https://docs.python.org/2/library/functions.html#bool
https://docs.python.org/2/library/functions.html#int

gcMapExplorer Documentation, Release 1.0.3

* corrType (str)— Correlation type. For Pearson and Spearman rank-order correlation,
use pearson and spearman, respectively.

* blockSize (str) — To calculate block-wise correlations by sliding block of given size
along diagonals. It should be in resolution. For example, 1mb, 500kb, 5mb, 2.5mb
etc. If None, correlation of whole map is calculated. Sliding step of block depends on
slideStepSize.

* slideStepSize (int)— Step-size in bins by which blocks will be shifted for block-wise
correlation. If slideStepSize is large then blocks might not be overlapped.

* workDir (str) — Name of working directory, where temporary files will be kept.If
workDir = None, file will be generated in OS based temporary directory.

* outFile (str)— Name of output file. Only written for block-wise correlation.
Returns
¢ corr (float or list) — Correlation coefficient

* pvalue/centers (float or list) — If blockSize=None 2-tailed p-value is returned. For
block-wise correlation, list of block-center is returned.

See also:

escipy.stats.stats.pearsonr for Pearson correlation.
escipy.stats.stats.spearmant for Spearman rank-order correlation.
getAvgContactByDistance (ccmaps, stats="median’)
To calcualte average contact as a function of distance

Parameters hicmaps (gcMapExplorer.lib.ccmap.CCMAP or listigcMapExplorer.
1ib.ccmap.CCMAP]) —

Returns avg_contacts — A one-dimensional numpy array containing average contacts, where in-
dex is distance between two locations for given resolution/binsize. For example, if ccmap.
binsize=100000 and avg_contacts[4]=1234.56, then at distance of 400000 b, av-
erage contactis 1234 .56.

Return type numpy.array
genomicsDataHandler module

This module is developed to visualize and analyze Genomics data with respect to Hi-C maps. This module contains
method to convert bigWig and Wig file to hdf5 file.

The hdf5 file gives us flexibility to access the data for given range of location of a specific chromosome at particular
resolution.

List of class

class HDF5Handler

HDF5Hand1er(filenamel, title]) Handler for genomic data HDFS5 file.
HDF5Handler.set Tit le(title) Set title of the dataset
\ Continued on next page \

126 Chapter 2. Screen-shots


https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#int
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
http://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.pearsonr.html#scipy.stats.pearsonr
http://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.spearmanr.html#scipy.stats.spearmanr

gcMapExplorer Documentation, Release 1.0.3

Table 2.19 — continued from previous page

HDF5Handler.getChromList() To get list of all chromosomes present in hdf5 file
HDF5Handler.getResolutionList(chrom) To get all resolutions for given chromosome from hdf5 file
HDF5Handler.getDataNameList(chrom, resolu- List of all available arrays by respecitve coarse method
tion) name for given chromosome and resolution
HDF5Handler.hasChromosome(chrom) To get list of all chromosomes present in hdf5 file
HDF5Handler.hasResolut ion(chrom, resolution) To get list of all chromosomes present in hdf5 file
HDF5Handler.hasDataName(chrom, resolution, ...) To get list of all chromosomes present in hdf5 file
HDF5Handler.buildDataTree() Build data dictionary from the input hdf5 file

class HDF5Handler (filename, title=None)
Handler for genomic data HDFS5 file.

This class acts like a handler and can be used to read, write, and modify genomic data file in HDF5 format. This
is a binary file and is compressed using z 1ib method to reduce the storage memory.

Structure of HDFS5 file: /<Chromosome>/<Resolution>/<1D Numpy Array>

—Array)
|
—Array)

—Array)

—Array)

|
—Array)

|

|

|

—Array)

—Array)

—Array)

—Array)

—Array)

—Array)

—Array)

chr2

Arithmatic mean) (type: 1D Numpy,,
Median value ) (type: 1D Numpy,,
Harmonic mean ) (type: 1D Numpy,,
Geometric mean ) (type: 1D Numpy,,
Minimum value ) (type: 1D Numpy,,
Maximum value ) (type: 1D Numpy,,
Arithmatic mean) (type: 1D Numpy,,
Median value ) (type: 1D Numpy,,
Harmonic mean ) (type: 1D Numpy,,
Geometric mean ) (type: 1D Numpy,,
Minimum value ) (type: 1D Numpy,,
Maximum value ) (type: 1D Numpy,,
Arithmatic mean) (type: 1D Numpy,,
Median value ) (type: 1D Numpy,,
Harmonic mean ) (type: 1D Numpy,,
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| e gmean ( Geometric mean ) (type: 1D Numpy,,
—Array)

| [ min ( Minimum value ) (type: 1D Numpy,
—Array)

[ e max ( Maximum value ) (type: 1D Numpy,,
—Array)

| R

filename

str — HDFS5 file name

title
str — Title of the data

hdf5
h5py.File — input/output stream to HDFS file

data
dict — This dictionary is generated by HDF5Handler.buildDataTree (). This dictionary gives ac-
cess to all data arrays.
Parameters
e filename (str)— HDFS5 file name. e.g.: abcxyz.h5

e title (str) - title or name of the data

Examples

from hiCMapAnalyze import genomicsDataHandler as gdh
import numpy as np

# Load available file
hdf5Hand = gdh.HDF5Handler ('test.hb")

# Build the data stru re, this is an essential step to retrieve the data,
—easiliy as s vn below

hdf5Hand.buildDataTree ()

# Print shape and maximum value of chrl->lkb->mean array

print (hdf5Hand.data['chrl'] ['1lkb'] ['mean'] .shape, np.amax (hdf5Hand.

—~datal['chrl']['lkb']['mean']))

addDataByArray (Chrom, resolution, data_name, value_array, compression="Izf")
Add array to the hdf5 file for given chromosome, resolution and data name. It can be used either to
add new data array or to replace existing data.
Parameters
¢ Chrom (st r)— Chromosome Name
e resolution (str)— Reslution of data

* data_name (st r)— Name of data.
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* value_array (numpy.ndarray) — An array containing values.
buildDataTree ()
Build data dictionary from the input hdf5 file

To retrieve the data from hdf5 file, this function should be used to built the dictionary HDF5Handler.
data. This dictionary gives access directly to data of any chromosome with specific resolution.

close ()
close hdf5 file

getChromList ()
To get list of all chromosomes present in hdf5 file

Returns chroms — List of all chromosomes present in hdf5 file
Return type list

getDataNameList (chrom, resolution)
List of all available arrays by respecitve coarse method name for given chromosome and resolution

Parameters

e chrom (st r) - chromosome name

e resolution (str)—resolution
Returns nameList — List of arrays by name of dataset
Return type list[str]

Raises KeyError — If chromosome not found in hdf5 file. If input resolution keyword is not
found for input chromosome.

getResolutionList (chrom)
To get all resolutions for given chromosome from hdf5 file

Parameters chrom (st r) — chromosome name

Returns resolutionList — A list of all available resolutions for the given chromosome
Return type list[str]

Raises KeyError — If chromosome not found in hdf5 file

hasChromosome (chrom)
To get list of all chromosomes present in hdf5 file

Parameters chrom (st r)— Chromosome name to be look up in file.
Returns gotChromsome — If queried chromosome present in file True otherwise False.
Return type bool

hasDataName (chrom, resolution, dataName)
To get list of all chromosomes present in hdf5 file

Parameters
¢ chrom (st r)— Chromosome name to be look up in file.
* resolution (str)— Data Resolution for queried Chromosome
* dataName (st r)— Name of data to be queried in given Chromosome.

Returns gotDataName — If queried data in given chromsome at given resolution is present in
file True otherwise False.

2.1.

Contents 129


https://docs.python.org/2/library/functions.html#list
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#list
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#list
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#bool
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str
https://docs.python.org/2/library/functions.html#str

gcMapExplorer Documentation, Release 1.0.3

Return type bool

hasResolution (chrom, resolution)
To get list of all chromosomes present in hdf5 file

Parameters
* chrom (st r)— Chromosome name to be look up in file.
* resolution (str)— Data Resolution for queried Chromosome

Returns gotResolution — If queried resolution of given chromsome present in file True other-
wise False.

Return type bool

open ()
open hdf5 file

setTitle (ttle)
Set title of the dataset

It can be used to set or replace the title of the dataset. If file is not yet opened, title will be stored to file
when file will be opened.

Parameters title (str)— The title of dataset.

class BigWigHandler

BigWigHandler(filenames, pathTobigWigToWig, ...) To handle bigWig files and to convert it to h5 file

BigWigHandler.getBigWigInfo() Retrieve chromosome names and their sizes
BigWigHandler.bigWigtoWig([outfilenames]) To generate Wig file
BigWigHandler.saveAsH5(filenamel, ...]) Save data to h5 file.

class BigWigHandler (filenames, pathlobigWigToWig, pathTobigWiglnfo, chromName=None, methodTo-

Combine="mean’, workDir=None, maxEntryWrite=10000000)
To handle bigWig files and to convert it to h5 file

This class can be used to convert bigWig file to h5 file. It can also be used to combine several bigWig files that
are originated from replicated experiments.

Warning: Presently bigWigToWig and bigWigInfo is not available for Windows OS. Therefore, this
class will fail in this OS.

bigWigFileNames
str or list[str] — List of bigWig file names including path

pathTobigWigToWig
str —Path to bigWigToWig program. It can be downloaded from http://hgdownload.cse.ucsc.edu/admin/
exe/ for MacOSX and Linux.

pathTobigWigInfo
str — Path to bigWigInfo program. It can be downloaded from http://hgdownload.cse.ucsc.edu/admin/
exe/ for MacOSX and Linux.

WigFileNames
str — List of Wig file names, either autmoatically generated or given by user
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chromName
str — Name of input target chromosome. If this is provided, only this chromosome data is extracted and
stored in h5 file.

wigHandle
WigHandler — WigHandler instance to parse Wig file and save data as hdf5 file

chromSizeInfo
dict — A dictionary containing chromosome size information

methodToCombine
str — method to combine bigWig/Wig files, Presently, accepted keywords are: mean, min and max

maxEntryWrite
int — Number of lines read from Wig file at an instant, after this, data is dumped in temporary numpy array
file

Parameters

* filenames (str or list[str])— A bigWig file or list of bigWig files including
path

pathTobigWigToWig (st r) — Path to bigWigToWig program. It can be downloaded
from http://hgdownload.cse.ucsc.edu/admin/exe/ for MacOSX and Linux.

* pathTobigWigInfo (str) — Path to bigWigInfo program. It can be downloaded
from http://hgdownload.cse.ucsc.edu/admin/exe/ for MacOSX and Linux.

* chromName (str) — Name of input target chromosome. If this is provided, only this
chromosome data is extracted and stored in h5 file.

* methodToCombine (str) — method to combine bigWig/Wig files, Presently, accepted
keywords are: mean, min and max

* maxEntryWrite (int)—Number of lines read from Wig file at an instant, after this, data
is dumped in temporary numpy array file. To reduce memory (RAM) occupancy, reduce
this number because large numbers need large RAM.

_bigWigtoWig (bigWigFileName, outfilename)
Base method to generate Wig file from a bigWig file

Use BigWigHandler.bigWigtoWig () to automatically convert all bigWig files to Wig files.

Warning: Private method. Use it at your own risk. It is used internally in BigligHandler.
bigWigtoWig ()

Parameters
* bigWigFileName (st r)— Input bigWig file names.
* outfilename (st r)— Name of output Wig file.
_getBigWigInfo (filename)
Base method to Retrieve chromosome names and their sizes

*Chromosome size information is stored for a given bigWig file. If size of chromosome is already
present in dictionary, largest size is stored in dictionary.

*Use BigWigHandler.getBigWigInfo () to automatically retrieve chromosome size informa-
tion from all bigWig files.
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Warning: Private method. Use it at your own risk. It is used internally in BiglWigHandler.

getBigWigInfo ()

Parameters filename (str) - Input bigWig file

bigWigtoWig (outfilenames=None)

To generate Wig file

It uses bigWigToWig program to convert bigWig to Wig file. It uses BigWigHandler.
chromSizeInfo to extract the listed chromosome data.

If outfilenames are provided, wig files are generated with these names. Otherwise, Wig file names are
generated randomly and listed in BigWigHandler.WigFileNames. If these files are generated with
random names, these will be deleted after execution.

Parameters outfilenames (str or list of strip) — List of Wig file names. If
None, names are automatically generated, files are temporarily created and after execution,
all files are deleted.

getBigWigInfo ()

Retrieve chromosome names and their sizes

BigWiglnfo progrom is executed on all listed bigWig files and chromosomes name with respecitve size
is stored in BigWigHandler.chromSizeInfo variable. From the several listed bigWig files, only
largest size of chromosomes are considered.

If BigWigHandler.chromName is provided, only target chromsome information is kept in
BigWigHandler.chromSizeInfo dictionary.

saveAsHS (filename, tmpNumpyArrayFiles=None, title=None, resolutions=None,  coarsen-

ing_methods=None, compression="Izf’, keep_original=False)
Save data to h5 file.

Parameters
e filename (str)— Output hdf5 file name with h5 extension.

* tmpNumpyArrayFiles (TempNumpyArrayFiles (optional)) — Usually not re-
quired. This TempNumpyArrayFiles instance stores the temporary numpy array files
information. To convert large number of bigWig files, its use increases the conversion
speed significantly because new temporary array files takes time to generate and frequent
generation of these files can be avoided.

e title(str (optional))— Title of the data

* resolutions (1ist of str)- Additional input resolutions other than these default
resolutions: 1kb’, 2kb’, ‘4kb’, ‘5kb’, ‘8kb’, ‘10kb’, 20kb’, ‘40kb’, ‘80kb’, ‘100kb’,
‘160kb’,“200kb’, ‘320kb’, ‘500kb’, ‘640kb’, and ‘1mb’.

For Example: use resolutions=['25kb"', '50kb', '75kb'] toadd additional
25kb, 50kb and 75kb resolution data.

* coarsening methods (1ist of str) — Methods to coarse or downsample the
data for converting from 1-base to coarser resolutions. Presently, five methods are im-
plemented.

— 'min' -> Minimum value
— "'max' -> Maximum value

— 'amean' -> Arithmatic mean or average
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— '"hmean' -> Harmonic mean
— 'gmean' -> Geometric mean
— 'median' ->Median

In case of None, all five methods will be considered. User may use only subset of
these methods. For example: coarse_method=['max', 'amean'] can be used
for downsampling by only these two methods.

* compression (str)— data compression method in HDFS file : 1z f or gzip method.

* keep_original (bool) — Whether original data present in bigwig file should be in-
corporated in HDFS file. This will significantly increase size of HDF? file.

Examples

# start BigWigHandler
bigwig =
— './bigWigInfo')

hdf5

only tw

with two

o downsampling

# Save file

# and
bigwig.saveAsH5 ('converted.h5"',

—methods=['max', 'amean'])

from gcMapExplorer.lib import genomicsDataHandler as gdh
to combine and convert two bigWig files

gdh.BigWigHandler (['first.bigWig',

additional
method.

'second.bigWig'], './bigWigToWig"',

resolutions

resolutions=['25kb', '50kb'], coarsening_

class WigHandler

wigHandler(filenames[, chromSizelnfo, ...])

To convert Wig files to hdf5 file

WigHandler.parseWig() To parse Wig files
WigHandler.setChromosome(chromName) Set the target chromosome for reading and extracting from
wig file

WigHandler.saveAsH5(hdf50ut], title, ...])

To convert Wig files to hdf5 file

WigHandler.getRawWigDataAsDictionary([dicOul]) get a entire dictionary of data from Wig file

class WigHandler (filenames, chromSizeInfo=None, chromName=None, indexFile=None, tmpNumpyArray-

Files=None, methodToCombine="mean’, workDir=None, maxEntryWrite=10000000)
To convert Wig files to hdf5 file

It parses wig files and save all data to a hdf5 file for given resolutions.

WigFileNames
list[str] — List of input Wig files.

Note: Incaseif WigHandler.chromName is provided, only one wig file is accepted.

chromName
str — Name of target chromosome name need to be extracted from wig file.

chromSizeInfo
dict — A dictionary containing chromosome size information.
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_chromPointerInFile
dict — A dictionary containing position index of each chromosome in wig file.

indexFile
str — A file in json format containing indices (position in wig file) and sizes of chromosomes. If this file
is not present and given as input, a new file will be generated. If this file is present, indices and sizes will
be taken from this file. If index and size of input chromosome is not present in json file, these will be
determined from wig file and stored in same json file. This file could be very helpful in case when same
wig file has to be read many times because step to determine index and size of chromosome is skipped.

methodToCombine
str — method to combine bigWig/Wig files, Presently, accepted keywords are: mean, min and max

tmpNumpyArrayFiles
TempNumpyArrayFiles —This TempNumpyArrayFiles instance stores the temporary numpy ar-
ray files information.

isWigParsed
bool — Whether Wig files are already parsed.

maxEntryWrite
int — Number of lines read from Wig file at an instant, after this, data is dumped in temporary numpy array
file

Parameters

* filenames (str or list (str))- Listof input Wig files.

Note: Incaseif WigHandler.chromName is provided, only one wig file is accepted.

* chromName (st r)— Name of target chromosome name need to be extracted from wig file.

* chromSizeInfo (dict)— A dictionary containing chromosome size information. Gen-
erated by BigiWigHandler.getBigWigInfo ().

indexFile (str)— A file in json format containing indices (position in wig file) and sizes
of chromosomes. If this file is not present and given as input, a new file will be generated.
If this file is present, indices and sizes will be taken from this file. If index and size of input
chromosome is not present in json file, these will be determined from wig file and stored
in same json file. This file could be very helpful in case when same wig file has to be read
many times because step to determine index and size of chromosome is skipped.

* tmpNumpyArrayFiles (TempNumpyArrayFiles) - This
TempNumpyArrayFiles instance stores the temporary numpy array files informa-
tion.

* methodToCombine (str) — method to combine bigWig/Wig files, Presently, accepted
keywords are: mean, min and max

* maxEntryWrite (int)—Number of lines read from Wig file at an instant, after this, data
is dumped in temporary numpy array file. To reduce memory (RAM) occupancy, reduce
this number because large numbers need large RAM.

_FillDataInNumpyArrayFile (ChromTitle, location_list, value_list)
Fill the extracted data from Wig file to temporary numpy array file
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Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_parseWig().

Parameters
e ChromTitle (st r)— Name of chromosome
* location_list (1ist of int)— Listof locations for given chromosome
* value_list (1ist of float) - Listof values for respecitve chromosome location
_PerformDataCoarsening (Chrom, resolution, coarsening_method)
Base method to perform Data coarsening.

This method read temporary Numpy array files and perform data coarsening using the given input method.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_StoreInHdf5File ().

Parameters
e Chrom (st r)— Chromosome name
e resolution (str)—resolution in word.
* coarsening method (st r) — Name of method to use for data coarsening. Accepted

keywords: min, max, median, amean, gmean and hmean.

_StoreInHdf5File (hdf50ut, title, resolutions=None, coarsening_methods=None, compres-
sion="lzf’, keep_original=False)
Base method to store coarsed data in hdf5 file.

At first data is coarsened and subsequently stored in hS file.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
saveAsH5 ().

Parameters

* hdf50ut (str or HDF5Handler) — Name of output hdf5 file or instance of
HDF5Handler

e title (str)— Title of data

* resolutions (list of str)- Additional input resolutions other than these default
resolutions: 1kb’, ‘2kb’, ‘4kb’, ‘5kb’, ‘8kb’, ‘10kb’, ‘20kb’, ‘40kb’, ‘80kb’, ‘100kb’,
‘160kb’,“200kb’, ‘320kb’, ‘500kb’, ‘640kb’, and ‘1mb’.

For Example: use resolutions=["'25kb', '50kb', '75kb'] toadd additional
25kb, 50kb and 75kb resolution data.

* coarsening methods (l1ist of str) — Methods to coarse or downsample the
data for converting from 1-base to coarser resolutions. Presently, five methods are im-
plemented. * 'min' -> Minimum value * 'max' -> Maximum value * 'amean' ->
Arithmatic mean or average * 'hmean' -> Harmonic mean * 'gmean' -> Geometric
mean * 'median' -> Median In case of None, all five methods will be considered.
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User may use only subset of these methods. For example: coarse_method=["'max"',
'amean'] can be used for downsampling by only these two methods.

* compression (str)— data compression method in HDF5 file : 1z f or gzip method.
* keep_original (bool)— Whether original data present in wig file should be incorpo-
rated in HDFS5 file. This will significantly increase size of HDFS5 file.
_getChromSizeInfo (wigFileName, inputChrom=None)
Get chromosome size and index wig file
This method parses a Wig file, extracts chromosome size and index it for each chromosome.

It sets WigHandler._chromPointerInFile and WigHandler.chromSizeInfo.

Warning: Private method. Use it at your own risk. It is used internally durng initialization and in
WigHandler.setChromosome ().

Parameters
* wigFileName (st r)— Name of Wig File
e inputChrom (st r)— Name of target chromosome

_getChromTitleBedgraph_parseWig (line)
To parse chromosome title from the format line of bedGraph format Wig file.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_parseWig().

Parameters line (str)— The line containing chromosome information from Wig file

_getChromTitle_parseWig (line)
To parse chromosome title from the format line of fixedStep and variableStep format Wig file.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_parseWig().

Parameters line (st r)— The line containing chromosome information from Wig file

_getSpan_parseWig (line)
To parse span value the format line of fixedStep format Wig file.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_parseWig().

Parameters line (str)— The line containing chromosome information from Wig file

_getStartStepFixedStep_parseWig (line)
To parse start and step values the format line of fixedStep format Wig file.
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Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
_parseWig().

Parameters line (str)— The line containing chromosome information from Wig file

_loadChromSizeAndIndex ()
Load chromosome sizes and indices from a json file

_parseWig (wigFileName)
Base method to parse a Wig file.

This method parses a Wig file and extracted data are copied in temporary numpy array files.

Warning: Private method. Use it at your own risk. It is used internally in WigHandler.
parseWig().

Parameters wigFileName (st r)— Name of Wig File
_saveChromSizeAndIndex ()
Save chromosomes sizes and indices dictionary to a json file

getRawWigDataAsDictionary (dicOut=None)
To get a entire dictionary of data from Wig file

It generates a dictionary of numpy arrays for each chromosome. These arrays are stored in temporary
numpy array files of TempNumpyArrayFiles.

Parameters dicOut (dict)— The output dictionary to which data will be added or replaced.
Returns dicOut — The output dictionary.
Return type dict

parseWig ()
To parse Wig files

This method parses all Wig files listed in WigHandler.WigFileNames. The extracted data is further

stored in temporary numpy array files of respective chromosome. These numpy array files can be used
either for data coarsening or for further analysis.

*To save as h5: Use WigHandler.saveAsH5 ().

*To perform analysis: Use WigHandler.getRawWigDataAsDictionary () to get a dictio-
nary of numpy arrays.

saveAsHS5 (hdf50ut, title=None, resolutions=None, coarsening_methods=None, compression="lzf’,
keep_original=False)
To convert Wig files to hdf5 file

Parameters
* hdf50ut (HDF5Handler or str) — Output hdfS file name or HDF5Handler instance
e title (str) - Title of the data
* resolutions (list of str)- Additional input resolutions other than these default

resolutions: 1kb’, ‘2kb’, ‘4kb’, ‘5kb’, ‘8kb’, ‘10kb’, 20kb’, ‘40kb’, ‘80kb’, ‘100kb’,
‘160kb’,“200kb’, 320kb’, ‘500kb’, ‘640kb’, and ‘Imb’.
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For Example: use resolutions=["'25kb', '50kb', '75kb'] toadd additional
25kb, 50kb and 75kb resolution data.

* coarsening methods (I1ist of str) — Methods to coarse or downsample the
data for converting from 1-base to coarser resolutions. Presently, five methods are im-
plemented.

— 'min' ->Minimum value
- 'max' ->Maximum value
— 'amean' -> Arithmatic mean or average

'hmean' -> Harmonic mean

'gmean' -> Geometric mean
— 'median' ->Median

In case of None, all five methods will be considered. User may use only subset of
these methods. For example: coarse_method=['max', 'amean'] can be used
for downsampling by only these two methods.

* compression (str)— data compression method in HDF5 file : 1z f or gzip method.

* keep_original (bool) — Whether original data present in bigwig file should be in-
corporated in HDFS file. This will significantly increase size of HDFS file.

setChromosome (chromName)
Set the target chromosome for reading and extracting from wig file

To read and convert data of another chromsome from a wig file, it can be set here. After this, directly use
WigHandler.saveAsH5 () to save data in HS file.

Parameters chromName (st ) — Name of new target chromosome

class BEDHandler

BEDHandler(filenames[, column, chromName, ...]) To convert BED files to hdf5/h5 file

BEDHandler.parseBed() To parse bed files

BEDHandler.setChromosome(chromName) Set the target chromosome for reading and extracting from
bed file

BEDHandler.saveAsH5(hdf50ut], title, ...]) To convert bed files to hdf5 file

class BEDHandler (filenames, column=7, chromName=None, indexFile=None, tmpNumpyArrayFiles=None,

methodToCombine="mean’, workDir=None, maxEntryWrite=10000000)
To convert BED files to hdf5/h5 file

It parses bed files and save all data to a hdf5/h5 file for given resolutions.

BedFileNames
list[str] — List of input bed files.

Note: In case if BEDHandler.chromName is provided, only one wig file is accepted.

column
int — The column number, which is considered as data column. Column number could vary and depends
on BED format. For example:
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*ENCODE broadPeak format (BED 6+3): 7th column
*ENCODE gappedPeak format (BED 12+3): 13th column
*ENCODE narrowPeak format (BED 6+4): 7th column
*ENCODE RNA elements format (BED 6+3): 7th column

chromName
str — Name of target chromosome name need to be extracted from bed file.

chromSizeInfo
dict — A dictionary containing chromosome size information.

_chromPointerInFile
dict — A dictionary containing position index of each chromosome in bed file.

indexFile
str — A file in json format containing indices (position in bed file) and sizes of chromosomes. If this file
is not present and given as input, a new file will be generated. If this file is present, indices and sizes will
be taken from this file. If index and size of input chromosome is not present in json file, these will be
determined from bed file and stored in same json file. This file could be very helpful in case when same
wig file has to be read many times because step to determine index and size of chromosome is skipped.

methodToCombine
str — method to combine bed files, Presently, accepted keywords are: mean, min and max

tmpNumpyArrayFiles
TempNumpyArrayFiles —This TempNumpyArrayFiles instance stores the temporary numpy ar-
ray files information.

isBedParsed
bool — Whether bed files are already parsed.

maxEntryWrite
int — Number of lines read from bed file at an instant, after this, data is dumped in temporary numpy array
file

Parameters

* filenames (str or list (str))— Listof input bed files.

Note: In case if BEDHandler.chromName is provided, only one bed file is accepted.

¢ column (int)-The column number, which is considered as data column. Column number
could vary and depends on BED format. For example:

ENCODE broadPeak format (BED 6+3): 7th column
ENCODE gappedPeak format (BED 12+3): 13th column
ENCODE narrowPeak format (BED 6+4): 7th column

— ENCODE RNA elements format (BED 6+3): 7th column

* chromName (st r)— Name of target chromosome name need to be extracted from bed file.

* indexFile (str)— Afile in json format containing indices (position in bed file) and sizes
of chromosomes. If this file is not present and given as input, a new file will be generated.
If this file is present, indices and sizes will be taken from this file. If index and size of input
chromosome is not present in json file, these will be determined from bed file and stored
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in same json file. This file could be very helpful in case when same bed file has to be read
many times because step to determine index and size of chromosome is skipped.

* tmpNumpyArrayFiles (TempNumpyArrayFiles) - This
TempNumpyArrayFiles instance stores the temporary numpy array files informa-
tion.

* methodToCombine (st r)— method to combine bed files, Presently, accepted keywords
are: mean, min and max

* maxEntryWrite (int)— Number of lines read from bed file at an instant, after this, data
is dumped in temporary numpy array file. To reduce memory (RAM) occupancy, reduce
this number because large numbers need large RAM.

_FillDataInNumpyArrayFile (ChromTitle, location_list, value_list)
Fill the extracted data from bed file to temporary numpy array file

Warning: Private method. Use it at your own risk. It is used internally in BEDHandler.
_parseBed().

Parameters
¢ ChromTitle (str)— Name of chromosome
* location_list (I1ist of int)— Listof locations for given chromosome
* value_list (1ist of float)— List of values for respecitve chromosome location
_PerformDataCoarsening (Chrom, resolution, coarse_method )
Base method to perform Data coarsening.

This method read temporary Numpy array files and perform data coarsening using the given input method.

Warning: Private method. Use it at your own risk. It is used internally in BEDHandler.
_StoreInHdf5File().

Parameters
¢ Chrom (st r) — Chromosome name
e resolution (str) - resolution in word.
* coarse_method (st r) — Name of method to use for data coarsening. Accepted key-

words: min, max, median, amean, gmean and hmean.

_StoreInHdf5File (hdf50ut, title, resolutions=None, coarsening_methods=None, compres-
sion="lzf’, keep_original=False)
Base method to store coarsened data in hdf5/h5 file.

At first data is coarsened and subsequently stored in h5 file.

Warning: Private method. Use it at your own risk. It is used internally in BEDHandler.
saveAsH5 ().

Parameters
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* hdf50ut (str or HDF5Handler) — Name of output hdf5 file or instance of
HDF5Handler

e title (str) - Title of data

* resolutions (list of str)- Additional input resolutions other than these default
resolutions: 1kb’, 2kb’, ‘4kb’, ‘5kb’, ‘8kb’, ‘10kb’, 20kb’, ‘40kb’, ‘80kb’, ‘100kb’,
‘160kb’,200kb’, ‘320kb’, ‘500kb’, ‘640kb’, and ‘1mb’.

For Example: use resolutions=['25kb"', '50kb', '75kb'] toadd additional
25kb, 50kb and 75kb resolution data.

* coarsening_methods (I1ist of str) — Methods to coarse or downsample the
data for converting from 1-base to coarser resolutions. Presently, five methods are im-
plemented.

— 'min' -> Minimum value

'max' -> Maximum value

'amean' -> Arithmatic mean or average

— 'hmean' -> Harmonic mean

'gmean' -> Geometric mean
— 'median' -> Median

In case of None, all five methods will be considered. User may use only subset of
these methods. For example: coarse_method=['max', 'amean'] can be used
for downsampling by only these two methods.

* compression (st r)— data compression method in HDF5 file : 1z f or gz ip method.
* keep_original (bool)— Whether original data present in wig file should be incorpo-
rated in HDFS5 file. This will significantly increase size of HDFS file.
_getChromSizeInfo (bedFileName, inputChrom=None)
Get chromosome size and index bed file
This method parses a bed file, extracts chromosome size and index it for each chromosome.

It sets BEDHandler._ chromPointerInFile and BEDHandler.chromSizeInfo.

Warning: Private method. Use it at your own risk. It is used internally durng initialization and in
BEDHandler.setChromosome ().

Parameters
* bedFileName (st r)— Name of Wig File
e inputChrom (st r)— Name of target chromosome
_loadChromSizeAndIndex ()
Load chromosome sizes and indices from a json file

_parseBed (bedFileName)
Base method to parse a bed file.

This method parses a bed file and extracted data are copied in temporary numpy array files.
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Warning: Private method. Use it at your own risk. It is used internally in BEDHandler.
parseBed ().

Parameters bedFileName (st r)— Name of bed File
_saveChromSizeAndIndex ()
Save chromosomes sizes and indices dictionary to a json file

getRawWigDataAsDictionary (dicOut=None)
To get a entire dictionary of data from bed file

It generates a dictionary of numpy arrays for each chromosome. These arrays are stored in temporary
numpy array files of TempNumpyArrayFiles.

Parameters dicOut (dict)— The output dictionary to which data will be added or replaced.
Returns dicOut — The output dictionary.
Return type dict

parseBed ()
To parse bed files

This method parses all bed files listed in BEDHandler .bedFileNames. The extracted data is further
stored in temporary numpy array files of respective chromosome. These numpy array files can be used
either for data coarsening or for further analysis.

*To save as h5: Use BEDHandler.saveAsH5 ().

*To perform analysis: Use BEDHandler.getRawWigDataAsDictionary () to get a dictio-
nary of numpy arrays.

saveAsHS5 (hdf50ut, title=None, resolutions=None, coarsening_methods=None, compression="Izf’,

keep_original=False)
To convert bed files to hdf5 file

It parses bed files, coarsened the data and store in an input hdf5/hS5 file.
Parameters
* hdf50ut (HDF5Handler or str) — Output hdfS file name or HDF5Handler instance
e title (str)— Title of the data

* resolutions (list of str)- Additional input resolutions other than these default
resolutions: 1kb’, 2kb’, ‘4kb’, ‘5kb’, ‘8kb’, ‘10kb’, 20kb’, ‘40kb’, ‘80kb’, ‘100kb’,
‘160kb’,200kb’, ‘320kb’, ‘500kb’, ‘640kb’, and ‘1mb’.

For Example: use resolutions=['25kb"', '50kb', '75kb'] toadd additional
25kb, 50kb and 75kb resolution data.

* coarsening methods (Iist of str) — Methods to coarse or downsample the
data for converting from 1-base to coarser resolutions. Presently, five methods are im-
plemented.

— 'min' ->Minimum value

'max' -> Maximum value

'amean' -> Arithmatic mean or average
— 'hmean' -> Harmonic mean

— 'gmean' -> Geometric mean
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— 'median' ->Median

In case of None, all five methods will be considered. User may use only subset of
these methods. For example: coarse_method=['max', 'amean'] can be used
for downsampling by only these two methods.

* compression (str)— data compression method in HDF5 file : 1z f or gz ip method.

* keep_original (bool)— Whether original data present in bigwig file should be in-
corporated in HDFS file. This will significantly increase size of HDFS file.

setChromosome (chromName)
Set the target chromosome for reading and extracting from bed file

To read and convert data of another chromsome from a bed file, it can be set here. After this, directly use
BEDHandler.saveAsH5 () to save data in H5 file.

Parameters chromName (st ) — Name of new target chromosome

class TextFileHandler

TextFileHandler(filename, shapel, binsize, ...]) To import a genomic data from column text file format

TextFileHandler.readData() Read data from input file

class TextFileHandler (filename, shape, binsize=None, title=None, workDir=None)
To import a genomic data from column text file format

It reads text file, make an full array for given shape and fills the missing place with zeros. These zeros could be
later masked to perform any analysis.

Example file format:

15670000 0.2917373776435852
15680000 0.2292359322309494
15690000 0.023434270173311234
15700000 0.06813383102416992
15710000 0.13660947978496552
15720000 0.17478400468826294
15730000 0.20540907979011536

This class is used in browser to visualize the genomic data, which are directly imported from text file.

filename
str — Input text file

shape
int — Size of array required to built

binsize
int — Size of bins expected in input file. f binsize = None, binsize will be determined from the files,
however, it is good to give expected binsize to check whether expected binsize match with binsize present
in input text file.

title
str — Title of the input data
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workDir
str — Directory where temporary files will be generated. If None, defualt temporary directory of the
respective OS will be used.

data
numpy.ndarray or numpy.memmap — One-dimensional array containing the data

tmpNumpyFileName
str — Name of temporary numpy memory-mapped file
Parameters
* filename (str) - Input text file
* shape (int) — Size of array required to built

* binsize (int) — Size of bins expected in input file. If binsize = None, binsize will
be determined from the files, however, it is good to give expected binsize to check whther
expected binsize match with binsize present in input text file.

* title (str) - Title of the input data
* workDir (str) — Directory where temporary files will be generated. If None, defualt
temporary directory of the respective OS will be used.
_generateTempNumpyFile ()
Generate temporary numpy memory-mapped file

_getBinSize ()
Determine binsize from input file

_removeTempNumpyFile ()
Remove temporary numpy memory-mapped file

readData ()
Read data from input file

Read data from input file and store in TextFileHandler.data as one-dimensional array

class TempNumpyArrayFiles

TempNumpyArrayFiles([workDir]) To handle temporary numpy array files
TempNumpyArrayFiles. Update/resize all array files using given bigWig file
updateArraysByBigWig(...)

TempNumpyArrayFiles. Update/resize an array file using given chromosome and its
updateArraysByChromSize(...) size
TempNumpyArrayFiles.addChromSizeInfo(..)  Update chromosome sizes using new bigWig file
TempNumpyArrayFiles. Generate all memory mapped numpy array files
genrateAllTempNumpyFiles()

TempNumpyArrayFiles. Generate a memory mapped numpy array file
generateTempNumpyFile(key)

TempNumpyArrayFiles. Fill all arrays with zeros.

fillAllArraysWithZeros()

class TempNumpyArrayFiles (workDir=None)
To handle temporary numpy array files
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To convert a Wig file to hdf5 file, data are parsed, and further stored temporarily in these memory-mapped numpy
array files. Use of numpy arrays avoid dependency from storing chromosome location/coordinates because array
index is used as the location/coordinates. Additionaly, chromosome could be very large and to store these arrays
could be memory expensive, these arrays are stored as binary files on the disk.

Note: These generated files are either automatically deleted after execution of script or by deleting [del]
TempNumpyArrayFiles instance.

chromSizeInfo
dict — Dictionary contains chromosome size. Numpy array files will be generated on the basis of these
sizes.

files
dict — Dictionary for names of temporary numpy array files, where keys are chromosomes and values are
respective file names.

arrays
dict — Dictionary of memory mapped numpy array (numpy.memmap), where keys are chromosomes and
values are respective numpy.memmap arrays.

workDir
str — Working directory where temporary numpy array files will be generated.

_generateTempNumpyFile (key, regenerate=False)
enerate a memory mapped numpy array file

It is used to generate a memory mapped numpy array file for given chromosome for which size is already
in the TempNumpyArrayFiles.chromSizeInfo dictionary.

Warning: Private method. Use it at your own risk. It is used internally in
TempNumpyArrayFiles.generateTempNumpyFile ().

Parameters

e key (str) — chromosome name. Should be present as key in
TempNumpyArrayFiles.chromSizeInfo.

* regenerate (bool)—Replace or regenerate new memory mapped array for given chro-
mosome
_getBigWigInfo (filename)
Base method to Retrieve chromosome names and their sizes

*Use TempNumpyArrayFiles.addChromSizeInfo () to automatically retrieve chromosome
size information from bigWig file and to store in TempNumpyArrayFiles.chromSizeInfo.

Warning: Private method. Use it at your own risk. It is used internally in
TempNumpyArrayFiles.addChromSizeInfo ()

Parameters filename (st r)— Input bigWig file

addChromSizeInfo (bigWigFileName)
Update chromosome sizes using new bigWig file

To update TempNumpyArrayFiles.chromSizeInfo fornew bigWig files, this method can be used.
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Note: This method only updates the TempNumpyArrayFiles.chromSizeInfo dictionary. It does
not resize numpy array files.

Parameters bigWigFileName (st r)— Name of input bigWig file
fillAllArraysWithZeros ()
Fill all arrays with zeros.

To fill all memory mapped array with zero. It is used in WigHandler so that new data extracted from
Wig files can be stored in these array files.

generateTempNumpyFile (key, regenerate=False)
Generate a memory mapped numpy array file

It is used to generate a memory mapped numpy array for given chromosome for which size is already the
TempNumpyArrayFiles.chromSizeInfo dictionary.

Parameters

e key (str) - chromosome name. Should be present as key in
TempNumpyArrayFiles.chromSizeInfo.

* regenerate (bool) - Replace or regenerate new memory mapped array for given chro-
mosome

genrateAllTempNumpyFiles ()
Generate all memory mapped numpy array files

It is used to generate all memory mapped numpy array files using the TempNumpyArrayFiles.
chromSizeInfo dictionary.

updateArraysByBigWig (bigWigFileName)
Update/resize all array files using given bigWig file

Parameters bigWigFileName (st r)— Name of input bigWig file

updateArraysByChromSize (chrom, size)
Update/resize an array file using given chromosome and its size

Parameters
¢ chrom (st r)— Chromosome name

* size (int) - Total size of chromosome

Indices

e genindex

¢ modindex
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