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The BigWig Format

Section 1

The BigWig Format
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The BigWig Format

The BigWig format

..enhances the Wig format:

Both are used to store genomic signals

A BigWig file is a compressed binary indexed file

Most importantly, it allows remote random access

..uses multiple software layers (written in c):

1 Data transfer layer

2 URL data cache layer

3 Indexing

4 Compression
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The BigWig Format

Data transfer layer

Existing web–based protocols are used:

HTTP/HTTPS accept byte–ranges since HTTPS/1.1

Protocols associated with resuming interrupted FTP transfers

OpenSSL provides SSL support for HTTPS via the BIO protocol
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The BigWig Format

URL data cache layer

Since files are typically viewed many times without changing:

Data is fetched in blocks of 8 Kb and each block is cached

Implemented by using two files for each file cached; a bitmap file and
a data file

The data file is a Linux sparse file

E�ciency gains mainly as:

The file header and the root block of the index are always accessed

One might look at the same region for several times
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The BigWig Format

Indexing

The indexing is based on R trees:

Data is stored only in the leaf nodes

The index nodes contain the span of all child nodes

They perform well for overlapping search intervals (here: genomic regions)

Only every 512th item is indexed: index less than 1% of the data
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The BigWig Format

Compression

Regions between indexed items (512 items) are seperately compressed

Deflation techniques are similar to those used by gzip

The final layer is responsible for fetching and decoding blocks specified by
the index
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Random Access to Remote BigWig Files

Section 2

Random Access to Remote BigWig Files
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Random Access to Remote BigWig Files

Two di↵erent libraries to stream BigWig files

“UCSC”:

Does not allow arbitrary access to a BigWig file

Only five predefined functions are available

NGSLib:

Provides full flexibility

Any specified regions of a (remote) BigWig file can be fetched
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Averages over a small BigWig file
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Averages over a medium BigWig file
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Averages over a large BigWig file
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Improving Intersection Test and Motif Analysis

Section 3

Improving Intersection Test and Motif Analysis
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Improving Intersection Test and Motif Analysis

Intersect test

Randomization by shu✏ing

Combine GenomicRegionSets a, b

[region a1, · · · , region an, region b1, · · · , region bm]

If amount of repeats is too large, use memoization

region b1 · · · region bn

region a1 1 0 0 0 0
0 0 0 0 0

... 0 0 0 0 1
0 1 0 0 0

region an 0 0 1 1 0
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query: PU1 len=213744
reference: chr19 of cDC H3K4me3 peaks len=706
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query: PU1 len=213744
reference: cDC H3K4me3 peaks len=20796
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Improving Intersection Test and Motif Analysis

Motif Matching

match position weight matrices (PWM) against DNA sequences

find putative binding sites in the input regions and random regions

MOODS 1.0.1 search function

MOODS 1.9.2 scanner object with scan function
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Improving Intersection Test and Motif Analysis

Motif Occurence Detective Suite

lookahead filtration algorithm (LF)

find the statistically most significant submatrix of the PWM
(scanning window)

scan DNA with a finite state automaton that finds subsequences that
score well against the scanning window

full score only evaluated at these sequence positions
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Motif Matching
mm9 – CDP PU1 peak, rand-proportion=2
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Improving Intersection Test and Motif Analysis

Motif Enrichment

verify which transcription factors are enriched in input regions with
fishers exact test

count the number of putative binding sites inside the input and
random regions

perform a statistical test to determine which transcription factors are
more likely to be enriched
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Motif Enrichment
mm9 – CDP PU1 peak, matching with MOODS 1.0.1
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Outsourcing Computation to C

Section 4

Outsourcing Computation to C

Berrendorf, Raissi, Lange, Voit Practical Course 23 / 53



Outsourcing Computation to C

Problem

Problem

Framework is written in Python

Computation in C is orders of magnitude faster

How can compute-intensive tasks be delegated to C?

Solution

Use ctypes library a o↵ering
C compatible data types:
int c int, double c double, . . .
Calling C-functions in shared libraries from pure Python

a
https://docs.python.org/2/library/ctypes.html
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Outsourcing Computation to C

Porting functionality to C

Rewritten the following functions:

With interface to Python

GenomicRegionSet.py:intersect

GenomicRegionSet.py:jaccard

Pure C

GenomicRegion.py:overlap

GenomicRegion.py: cmp
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Outsourcing Computation to C

Binding shared library

Added to initialisation of GenomicRegionSet.py

from ctypes import *

# Determine path of shared library

me = os.path.abspath(os.path.dirname(__file__))

lib = cdll.LoadLibrary(os.path.join(me, "..", "librgt.so"))

# Bind library

ctypes_jaccardC = lib.jaccard

# Specify data types

ctypes_jaccardC.argtypes = [POINTER(c_char_p), POINTER(c_int),

POINTER(c_int), c_int , POINTER(c_char_p), POINTER(c_int),

POINTER(c_int), c_int]

ctypes_jaccardC.restype = c_double
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Outsourcing Computation to C

Replacing Python methods by wrappers

Wrapper for jaccard and intersect

Introduce flag use c:
use c = True  use C for computation.
use c = False  use existing Python implementation.

Method jaccard

def jaccard(self , query , use_c=True):

if use_c:

return self.jaccard_c(query)

else:

return self.jaccard_python(query)
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Outsourcing Computation to C

Calling the shared library

Method

Convert native Python datatypes to C-compatible types

Delegate functionality to C-library

Method jaccard c

# Convert to ctypes

chroms_self_python = [gr.chrom for gr in self.sequences]

chroms_self_c = (c_char_p * len(chroms_self_python))(*

chroms_self_python)

[...]

# Call C-function

return ctypes_jaccardC(chroms_self_c , initials_self_c ,

finals_self_c , len(self), chroms_query_c , initials_query_c ,

finals_query_c , len(query))
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Outsourcing Computation to C

Digression: Algorithmic optimisations

Algorithmic optimisation of jaccard c

Only size of intersection interesting  avoid constructing the result
GenomicRegionSet.

Size of union can be computed without computing the union:
|A [ B | = |A|+ |B |� |A \ B |.

Pseudocode

1 Compute sizes of both sets.

2 Compute size of intersection.

3 Compute size of union via |A [ B | = |A|+ |B |� |A \ B |.
4 Return jaccard index: |A \ B |/|A [ B |.
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Minimising Deepcopies

Section 5

Minimising Deepcopies
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Minimising Deepcopies

Problem

Problem

GenomicRegionSet passed as parameter: reference vs new object

deepcopy is time consuming

Solution

Flag to indicate whether to use by reference or create new object

In the latter case create new objects and append regions
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Minimising Deepcopies

Changes

Overview of changes

New flag w return in extend of GenomicRegionSet and
GenomicRegion.

Use pre-existing flags w return and output of merge and combine

in GenomicRegionSet.

New boolean attribute merged in class GenomicRegionSet

Modifications in implementation of 8 functions

Only one call to deepcopy in filter by gene association in the
final version of GenomicRegionSet.py
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Minimising Deepcopies

Changes: Modified functions

GenomicRegion

extend

GenomicRegionSet

extend

combine

intersect python

intersect count

merge

cluster

window
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Minimising Deepcopies

Extend function

Old version: GenomicRegionSet

def extend(self , left , right , percentage=False):

if percentage: #some code

else:

for s in self.sequences:

s.extend(left , right)

Old version: GenomicRegion

def extend(self , left , right):

self.initial -= left

self.final += right

#if left , right are negative , switching the border may be

necessary

if self.initial > self.final:

self.initial , self.final = self.final , self.initial

self.initial = max(self.initial , 0)
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Minimising Deepcopies

New Version: GenomicRegion

def extend(self , left , right , w_return=False):

if w_return:

z = GenomicRegion(chrom=self.chrom , initial=self.initial -

left , final=self.final + right , name=self , orientation=

self.orientation , data=self.data)

else:

z = self

z.initial -= left

z.final += right

# if left , right are negative , switching the border may be

necessary

if z.initial > z.final:

z.initial , z.final = z.final , z.initial

z.initial = max(z.initial , 0)

return z
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Minimising Deepcopies

New Version: GenomicRegionSet

def extend(self , left , right , percentage=False , w_return=False):

z = GenomicRegionSet(name=self.name)

if percentage:

if percentage > -50:

for s in self.sequences:

if w_return:

z.add(s.extend(int(len(s) * left / 100), int(len(s) * right /

100), w_return=True))

else:

s.extend(int(len(s) * left / 100), int(len(s) * right /

100))

else:

for s in self.sequences:

if w_return:

z.add(s.extend(left , right , w_return=True))

else:

s.extend(left , right)

if w_return: return z

else: return
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Minimising Deepcopies

Side e↵ects of extend’s change: window

old

def window(self ,y,adding_length = 1000):

#some code

extended_self = deepcopy(self)

extended_self.extend(adding_length ,adding_length)

#other code

new

def window(self ,y,adding_length = 1000):

#some code

extended_self = self.extend(adding_length ,adding_length ,

w_return = True)

#other code
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Minimising Deepcopies

Side e↵ects of extend’s change: cluster

old

def cluster(self ,max_distance):

#some code

else:

#some code

for s in self.sequences [1:]:

s_ext = deepcopy(s) #deepcopy in a loop!

s_ext.extend(max_distance ,max_distance)

new

def cluster(self ,max_distance):

#some code

else:

#some code

for s in self.sequences [1:]:

s_ext = s.extend(max_distance , max_distance , w_return=

True)
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Minimising Deepcopies

Setting the boolean attribute merged

old

def merge(self , w_return=False , namedistinct=False , strand_specific

=False):

#some code

z = GenomicRegionSet(name=self.name)

#some code

if w_return: return z

else: self.sequences = z.sequences

new

def merge(self , w_return=False , namedistinct=False , strand_specific

=False):

#some code

z = GenomicRegionSet(name=self.name)

#some code

z.merged = True

if w_return:

return z

else: self.sequences = z.sequences
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Minimising Deepcopies

Using flag merged: intersect

old

def intersect(self , y, ...):

#some code

a = copy.deepcopy(self)

b = copy.deepcopy(y)

if not a.sorted: a.sort()

if not b.sorted: b.sort()

if mode == OverlapType.

OVERLAP:

a.merge()

b.merge()

new

def intersect(self , y, ...):

#some code

a = self

b = y

if not a.sorted: a.sort()

if not b.sorted: b.sort()

if mode == OverlapType.

OVERLAP:

if not a.merged: a = a.

merge(w_return=True)

if not b.merged: b = b.

merge(w_return=True)
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Minimising Deepcopies

Using flag merged: intersect count

old

def intersect_count(self , regionset , ...):

a = copy.deepcopy(self)

b = copy.deepcopy(regionset)

#some code

if not a.sorted: a.sort()

if not b.sorted: b.sort()

a.merge()

b.merge()

new

def intersect_count(self , regionset , ...):

a = self

b = regionset

if not a.sorted: a.sort()

if not b.sorted: b.sort()

if not a.merged: a = a.merge(w_return=True)

if not b.merged: b = b.merge(w_return=True)
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Minimising Deepcopies

Two versions of combine

old

def combine(self , region_set , change_name=True , output=False):

if output:

a = copy.deepcopy(self)

a.sequences.extend(region_set.sequences)

if change_name: #other codes

else: #other code

self.sequences.extend(region_set.sequences) #other code

new

def combine(self , region_set , change_name=True , output=False):

if output:

a = GenomicRegionSet(name="")

for s in self.sequences: a.add(s)

for s in region_set.sequences: a.add(s)

if change_name: #other codes

return a

else: #other code

Berrendorf, Raissi, Lange, Voit Practical Course 42 / 53



Minimising Deepcopies

Side e↵ects of combine and intersect’s changes:
jaccard

old

def jaccard(self ,query):

a = copy.deepcopy(self)

b = copy.deepcopy(query)

#some code

intersects = a.intersect(b)

intersects.merge ()

inter = intersects.total_coverage ()

a.combine(b, change_name=False)

a.merge() #some other code

Berrendorf, Raissi, Lange, Voit Practical Course 43 / 53



Minimising Deepcopies

Side e↵ects of combine and intersect’s changes:
jaccard

new

def jaccard_python(self , query):

b = query

#some code

intersects = self.intersect(b)

intersects.merge ()

inter = intersects.total_coverage ()

a = self.combine(b, change_name=False , output=True)

if not a.merged: a.merge()
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Results

Section 6

Results
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Profiling Jaccard Test with deepcopies

backend_bases:2081:print_figure
1.89%

(0.00%)
2×

backend_agg:526:print_png
1.42%

(0.00%)
2×

1.42%
2×

backend_agg:463:draw
1.20%

(0.00%)
2×

1.20%
2×

Main:2:<module>
98.77%
(0.03%)

1×

GenomicRegionSet:1404:jaccard
73.37%
(0.72%)

11×

copy:145:deepcopy
34.78%

(12.42%)
11192648×

11.34%
22×

GenomicRegionSet:565:intersect
57.50%

(30.13%)
11×

57.50%
11×

GenomicRegionSet:1454:total_coverage
0.84%

(0.16%)
46×

0.82%
44×

GenomicRegionSet:1247:merge
3.63%

(0.50%)
44×

2.97%
22×

copy:226:_deepcopy_list
34.73%
(0.57%)

54×

34.73%
54×

copy:283:_deepcopy_inst
34.78%
(2.94%)
699554×

34.78%
54×

copy:253:_deepcopy_dict
34.77%
(4.86%)
699554×

34.77%
54×

~:0:<id>
2.36%

(2.36%)
16240785×

1.39%
11192648×

copy:267:_keep_alive
4.24%

(2.95%)
3615446×

4.24%
3615446×

~:0:<method 'get' of 'dict' objects>
3.70%

(3.69%)
14817432×

3.68%
14808094×

11.34%
22×

0.66%
22×

GenomicRegionSet:82:sort
4.94%

(0.00%)
35×

2.50%
10×

GenomicRegion:127:__cmp__
7.78%

(7.79%)
18460267×

4.63%
12733027×

GenomicRegion:105:overlap
4.63%

(4.63%)
6862166×

4.15%
6376032×

GenomicRegionSet:61:__getitem__
4.10%

(4.10%)
19109895×

4.10%
19109895×

~:0:<len>
1.36%

(0.87%)
1539405×

0.68%
506926×

2.38%
22×

0.48%
486134×

plotTools:878:jaccard_test
94.99%
(0.62%)

1×

73.37%
11×

GenomicRegionSet:1489:random_regions
20.97%
(0.97%)

10×

20.97%
10×

12.09%
10×

0.25%
213940×

GenomicRegionSet:1516:randoming
7.40%

(1.84%)
213740×

7.40%
213740×

Main:42:output
1.90%

(0.00%)
1×

figure:1461:savefig
1.89%

(0.00%)
2×

1.45%
1×

1.89%
2×

backend_tkagg:87:new_figure_manager_given_figure
0.86%

(0.00%)
1×

Tkinter:1798:__init__
0.73%

(0.00%)
1×

0.73%
1×

~:0:<_tkinter.create>
0.73%

(0.73%)
1×

0.73%
1×

Main:127:main
98.73%
(0.05%)

1×

94.99%
1×

1.90%
1×

plotTools:923:plot
1.13%

(0.00%)
1×

1.13%
1×

plotTools:861:__init__
0.64%

(0.00%)
1×

0.64%
1×

pyplot:1034:subplots
1.05%

(0.00%)
1×

1.05%
1×

ExperimentalMatrix:47:read
0.64%

(0.00%)
2×

0.64%
2×

text:926:get_window_extent
0.93%

(0.00%)
188×

text:328:_get_layout
0.94%

(0.00%)
76×

0.90%
28×

backend_agg:214:get_text_width_height_descent
0.68%

(0.00%)
40×

0.67%
30×

pyplot:420:figure
0.92%

(0.00%)
1×

0.92%
1×

34.06%
699500×

~:0:<method 'append' of 'list' objects>
0.82%

(0.82%)
5372183×

0.11%
699500×

34.77%
54×

~:0:<hasattr>
2.28%

(2.28%)
2803028×

2.27%
2798216×

~:0:<method 'update' of 'dict' objects>
0.65%

(0.65%)
707371×

0.65%
699554×

34.74%
540×

0.16%
699554×

~:0:<method 'iteritems' of 'dict' objects>
1.01%

(1.01%)
702725×

1.01%
699554×

0.71%
3615500×

0.58%
3615392×

~:0:<method 'sort' of 'list' objects>
4.94%

(1.79%)
86×

4.94%
35×

0.18%
213740×

GenomicRegion:20:__init__
0.63%

(0.54%)
265297×

0.47%
213740×

GenomicRegionSet:1650:any_chrom
1.16%

(0.80%)
214120×

1.16%
213740×

GenomicRegionSet:1547:weighted_choice
2.88%

(1.18%)
213740×

2.88%
213740×

random:238:randint
0.53%

(0.12%)
213740×

0.53%
213740×

backend_tkagg:78:new_figure_manager
0.92%

(0.00%)
1×

0.92%
1×

figure:1075:draw
1.57%

(0.00%)
4×

artist:59:draw_wrapper
1.57%

(0.00%)
492×

1.57%
8×

1.57%
4×

axis:1098:draw
1.47%

(0.00%)
8×

1.47%
8×

_base:2205:draw
1.54%

(0.00%)
4×

1.54%
4×

ExperimentalMatrix:159:load_objects
0.64%

(0.00%)
2×

0.64%
2×

GenomicRegionSet:96:read_bed
0.64%

(0.30%)
3×

0.64%
3×

0.16%
50949×

mathtext:3079:parse
0.89%

(0.00%)
32×

0.63%
8×

0.18%
213740×

~:0:<sum>
1.54%

(0.75%)
213930×

1.54%
213740×

0.22%
132×

axis:1047:_get_tick_bboxes
0.92%

(0.00%)
12×

0.92%
8×

0.92%
168×

1.54%
76×

GenomicRegionSet:1548:<genexpr>
0.79%

(0.79%)
4274800×

0.79%
4274800×

0.86%
1×

3.16%
5727240×

1.19%
2×

~:0:<execfile>
100.00%
(0.04%)

2×



Profiling Jaccard Test after modifications

backend_tkagg:2:<module>
0.74%

(0.01%)
1×

six:89:__get__
0.57%

(0.00%)
13×

0.56%
2×

six:112:_resolve
0.56%

(0.00%)
4×

0.56%
4×

_continuous_distns:5:<module>
0.53%

(0.06%)
1×

backend_bases:2081:print_figure
8.73%

(0.00%)
2×

backend_pdf:2521:print_pdf
1.69%

(0.00%)
2×

1.69%
2×

backend_agg:526:print_png
6.79%

(0.00%)
2×

6.79%
2×

artist:59:draw_wrapper
6.63%

(0.01%)
492×

1.56%
2×

backend_agg:463:draw
5.30%

(0.00%)
2×

5.30%
2×

~:0:<matplotlib._png.write_png>
1.24%

(1.24%)
2×

1.24%
2×

backend_bases:33:<module>
0.74%

(0.02%)
1×

__init__:1:<module>
0.62%

(0.00%)
1×

~:0:<__import__>
1.47%

(0.26%)
328×

0.61%
1×

0.74%
1×

__init__:15:<module>
0.60%

(0.02%)
1×

0.60%
1×

Main:2:<module>
91.35%
(0.13%)

1×

0.62%
1×

pyplot:17:<module>
2.69%

(0.01%)
1×

2.69%
1×

__init__:101:<module>
0.59%

(0.06%)
1×

0.59%
1×

GenomicRegionSet:6:<module>
2.86%

(0.01%)
1×

2.86%
1×

__init__:106:<module>
1.41%

(0.01%)
1×

1.41%
1×

__init__:18:pylab_setup
0.74%

(0.00%)
1×

0.74%
1×

colorbar:20:<module>
1.20%

(0.01%)
1×

1.20%
1×

figure:12:<module>
0.55%

(0.14%)
1×

0.55%
1×

__init__:335:<module>
2.73%

(0.01%)
1×

2.73%
1×

add_newdocs:10:<module>
1.13%

(0.00%)
1×

1.13%
1×

axis:67:__init__
0.82%

(0.01%)
91×

basic:5:<module>
0.68%

(0.19%)
1×

__init__:623:<module>
0.96%

(0.16%)
1×

0.68%
1×

0.74%
1×

collections:10:<module>
0.80%

(0.01%)
1×

0.80%
1×

0.74%
1×

mathtext:2152:__init__
1.61%

(0.00%)
1×

pyparsing:3223:oneOf
1.45%

(0.53%)
14×

1.45%
13×

pyparsing:3241:<lambda>
0.54%

(0.37%)
183123×

0.54%
183123×

0.26%
4×

_minimize:8:<module>
0.58%

(0.00%)
1×

lbfgsb:9:<module>
0.50%

(0.16%)
1×

0.50%
1×

ExperimentalMatrix:47:read
2.92%

(0.04%)
2×

ExperimentalMatrix:168:load_objects
2.88%

(0.00%)
2×

2.88%
2×

GenomicRegionSet:134:read_bed
2.88%

(1.46%)
3×

2.88%
3×

lines:705:draw
0.53%

(0.03%)
152×

text:328:_get_layout
4.49%

(0.02%)
76×

backend_agg:214:get_text_width_height_descent
3.64%

(0.00%)
40×

3.58%
30×

backend_pdf:2081:get_text_width_height_descent
0.83%

(0.00%)
40×

0.83%
30×

mathtext:3079:parse
4.22%

(0.00%)
32×

3.40%
8×

0.82%
8×

axis:941:_update_ticks
0.89%

(0.01%)
12×

axis:888:iter_ticks
0.69%

(0.00%)
396×

0.69%
396×

axis:1310:get_minor_ticks
0.61%

(0.00%)
12×

0.61%
12×

sre_compile:567:compile
0.90%

(0.01%)
179×

sre_parse:706:parse
0.51%

(0.01%)
179×

0.51%
179×

stats:167:<module>
2.64%

(0.06%)
1×

2.64%
1×

backend_tkagg:87:new_figure_manager_given_figure
12.85%
(0.00%)

1×

backend_tkagg:533:__init__
7.63%

(0.00%)
1×

7.63%
1×

Tkinter:1798:__init__
4.77%

(0.00%)
1×

4.77%
1×

backend_tkagg:562:_get_toolbar
7.63%

(0.00%)
1×

7.63%
1×

~:0:<_tkinter.create>
4.77%

(4.77%)
1×

4.77%
1×

Main:44:output
8.79%

(0.00%)
1×

backend_pdf:2456:savefig
1.79%

(0.00%)
1×

1.79%
1×

figure:1461:savefig
8.73%

(0.00%)
2×

6.94%
1×

1.79%
1×

8.73%
2×

backend_tkagg:741:_Button
7.62%

(0.00%)
7×

Tkinter:2145:__init__
7.45%

(0.00%)
7×

7.45%
7×

Tkinter:2079:__init__
7.46%

(0.00%)
10×

7.45%
7×

Main:129:main
90.87%
(0.13%)

1×

8.79%
1×

plotTools:926:plot
13.98%
(0.00%)

1×

13.98%
1×

plotTools:864:__init__
2.92%

(0.00%)
1×

2.92%
1×

plotTools:881:jaccard_test
64.86%
(1.19%)

1×

64.86%
1×

pyplot:1034:subplots
13.55%
(0.00%)

1×

13.55%
1×

2.92%
2×

GenomicRegionSet:1576:random_regions
44.49%
(2.49%)

10×

44.49%
10×

GenomicRegionSet:1507:jaccard
18.92%
(0.09%)

11×

18.92%
11×

text:926:get_window_extent
4.41%

(0.01%)
188×

4.27%
28×

backend_tkagg:750:_init_toolbar
7.63%

(0.00%)
1×

7.62%
7×

text:734:draw
0.52%

(0.01%)
144×

0.21%
28×

__init__:228:<module>
0.87%

(0.01%)
1×

0.58%
1×

0.96%
1×

distributions:8:<module>
1.51%

(0.01%)
1×

1.51%
1×

_distn_infrastructure:5:<module>
0.90%

(0.01%)
1×

0.87%
1×

0.53%
1×

0.90%
1×

pyplot:420:figure
13.18%
(0.00%)

1×

13.18%
1×

backend_tkagg:706:__init__
7.63%

(0.00%)
1×

7.63%
1×

~:0:<len>
4.39%

(3.23%)
1054584×

GenomicRegion:47:__len__
1.16%

(1.16%)
663680×

1.16%
663680×

__init__:1:<module>
1.11%

(0.02%)
1×

type_check:3:<module>
0.54%

(0.00%)
1×

0.54%
1×

__init__:1:<module>
0.54%

(0.32%)
1×

0.54%
1×

0.53%
152×

0.52%
144×

figure:1075:draw
6.63%

(0.00%)
4×

6.63%
4×

axis:1098:draw
6.20%

(0.00%)
8×

6.20%
8×

_base:2205:draw
6.47%

(0.00%)
4×

6.47%
4×

axis:235:draw
0.61%

(0.01%)
116×

0.61%
116×

backend_tkagg:78:new_figure_manager
13.18%
(0.00%)

1×

13.18%
1×

6.63%
8×

~:0:<built-in method call>
7.96%

(7.96%)
70×

7.45%
10×

mathtext:2437:math_string
1.35%

(0.00%)
16×

pyparsing:1084:parseString
2.18%

(0.01%)
356×

1.35%
16×

pyparsing:1037:_parseCache
2.14%

(0.25%)
15732×

2.14%
326×

pyparsing:776:wrapper
1.51%

(0.02%)
1186×

1.35%
16×

GenomicRegion:23:__init__
3.11%

(2.53%)
264879×

0.61%
50949×

GenomicRegionSet:120:sort
13.78%
(0.00%)

13×

0.23%
3×

GenomicRegionSet:73:add
1.14%

(0.94%)
264879×

0.25%
50949×

~:0:<isinstance>
0.71%

(0.70%)
601732×

0.58%
529758×

~:0:<method 'sort' of 'list' objects>
13.78%
(4.67%)

64×

13.78%
13×

lines:252:__init__
0.56%

(0.04%)
279×

pyparsing:2358:parseImpl
2.12%

(0.08%)
3920×

2.07%
1288×

pyparsing:957:_parseNoCache
2.14%

(0.37%)
15186×

2.12%
326×

font_manager:1219:findfont
1.27%

(0.08%)
348×

font_manager:656:__init__
0.90%

(0.06%)
617×

0.84%
304×

font_manager:916:set_fontconfig_pattern
0.79%

(0.01%)
304×

0.79%
304×

re:230:_compile
0.92%

(0.02%)
1083×

0.90%
179×

1.51%
930×

2.12%
340×

pyparsing:2729:parseImpl
1.59%

(0.01%)
724×

1.59%
660×

pyparsing:2764:parseImpl
1.34%

(0.00%)
114×

1.34%
18×

pyparsing:2478:parseImpl
1.40%

(0.05%)
762×

1.40%
110×

pyparsing:2814:parseImpl
1.66%

(0.01%)
934×

1.66%
694×

pyparsing:2622:parseImpl
1.40%

(0.08%)
5350×

1.40%
120×

1.58%
718×

1.33%
32×

1.39%
164×

1.65%
668×

1.39%
114×

1.11%
1×

backend_bases:2727:__init__
7.63%

(0.00%)
1×

7.63%
1×

7.63%
1×

axis:1995:_get_tick
0.67%

(0.01%)
75×

0.47%
54×

fontconfig_pattern:119:parse
0.80%

(0.01%)
322×

0.78%
322×

mathtext:2358:parse
1.40%

(0.00%)
16×

1.39%
16×

0.67%
71×

font_manager:1425:findfont
1.28%

(0.00%)
348×

1.27%
348×

0.81%
8×

1.00%
132×

axis:1047:_get_tick_bboxes
4.41%

(0.00%)
12×

4.36%
8×

4.40%
168×

1.61%
1×

1.40%
16×

mathtext:679:__init__
1.17%

(0.00%)
16×

1.17%
16×

0.32%
112×

mathtext:913:__init__
0.82%

(0.00%)
16×

0.82%
16×

6.46%
76×

0.60%
240×

GenomicRegionSet:85:__iter__
0.76%

(0.52%)
214122×

font_manager:699:_parse_fontconfig_pattern
0.76%

(0.00%)
304×

0.76%
304×

0.76%
304×

GenomicRegionSet:1604:randoming
38.95%
(9.13%)
213740×

0.92%
213740×

2.50%
213740×

random:273:choice
1.70%

(1.35%)
213764×

1.70%
213740×

GenomicRegionSet:1755:any_chrom
6.22%

(4.42%)
214120×

6.22%
213740×

GenomicRegionSet:1635:weighted_choice
15.59%
(5.01%)
213740×

15.59%
213740×

random:238:randint
2.90%

(0.84%)
213740×

2.90%
213740×

0.19%
213764×

~:0:<method 'random' of '_random.Random' objects>
0.53%

(0.53%)
641244×

0.16%
213764×

1.04%
213740×

0.76%
214120×

random:358:uniform
1.20%

(0.98%)
213740×

1.20%
213740×

~:0:<sum>
9.38%

(4.25%)
213930×

9.37%
213740×

random:175:randrange
2.06%

(1.92%)
213740×

2.06%
213740×

1.82%
213940×

0.89%
213740×

38.95%
213740×

GenomicRegionSet:1467:jaccardC
18.83%
(5.19%)

11×

18.83%
11×

12.85%
1×

13.54%
10×

GenomicRegion:146:__cmp__
9.11%

(9.11%)
2845072×

9.11%
2845072×

0.78%
192×

six:78:_import_module
0.57%

(0.00%)
13×

0.57%
13×

0.56%
4×

5.07%
2×

~:0:<execfile>
100.00%
(0.17%)

2×

0.14%
213740×

0.22%
213740×

GenomicRegionSet:1636:<genexpr>
5.13%

(5.13%)
4274800×

5.13%
4274800×

re:192:compile
0.91%

(0.00%)
503×

0.91%
503×



Jaccard Test – Virtual Machine – mm9

CDP PU1 peaks vs. CDP H3K4me3 peaks
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Jaccard Test – Virtual Machine – mm9

cDc PU1 peaks vs. cDC H3K4me3 peaks
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Jaccard Test – Laptop – mm9
CDP PU1 peaks vs. CDP H3K4me3 peaks

Speedup factor ⇡ 75
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Projection Test – Virtual Machine – mm9

Matrix PU1 peaks vs. Matrix H3K4me3 peaks
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Plots – Virtual Machine
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Results

The End

Thank you for your attention!
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