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Tutorial

How to identify the regions with the higher number of overlaps using Galaxy

First of all, it’s necessary to write a BED format file containing all the regions and organized as follows:
chr start end region ID

(The region ID comes from the patient ID but, in the patients who have more than two CNVs, the patient

ID is followed by two numbers in round brackets which indicate the numbers of CNV in that patient.

Example: patient 991 - this patient has 4 CNVs > the first is a deletion so in “DELETIONS” BEDfile, you

should write this CNV using the patient ID followed by the total number of alterations: 991(1/4) = first of

four CNVs which belong to patient 991).

I DELETIONS (Decipher patients, 18.06.14).txt - Notepad  [= |[B][X]
File Edit Format ‘iew Help

chrs 51048080 55511680 147 o
chrl7? 43739782 44210195 323

chr22 20512535 30221040 758

chrill 107792125 113258885 Tar(2/3)

chrl 217827202 220799403 991¢1/4)

chrl 222550721 226414785 Gelg2,/4)

chri 220916999 226162869 1015 hd

(NOTE: Create different BED files dividing the regions according to the type of chromosomal
abnormality).

Open Galaxy and create a new History (or choose a saved one). Then you have to load up the BEDfile
containing the regions: click on “Load your own data” in the “History” column on the right. In the
windows appeared, click on “Choose local file” and in the next window (named “Open”), select the file
from your computer/external memory and then click on “Open” button.

Now the selected file is displayed in “Name” textbox: in the same row, specify the type of file (in this case
select “bed” from the menu in “Type” column) and then specify the type of genome (in this case select
the assembly “Human Feb. 2009 (GRCh37/hg19)(hg19)” from the menu in “Genome” column).

Finally, click on “Start” to load your file definitively and wait until the “Status” bar becomes green. When
the file is completely and successfully loaded, all the row is highlighted in green: click on “Close” button
to close this window.

At the end, the loaded file appears as the first job in the “History” (the job title is highlighted in green).

Download data directly from web or upload files from your disk

Name Size Type Genome Settings Status
L1 all Decipher patients 15.5 KB Auto-det.. |w| Q [ Additional Sp.. v | L. i
affected by OFCs -
[16.06.14) txt | L

(NCBI35/hal7) -
thg17)

Human Mar.

2006

(NCBI36/hg18)
thg18)

an Feb.

‘vou added 1 file(s) ta the queue. Add more files or click "Start’ to proceed.

Choose local file Choose FTP file Paste/Fetch data Start Pause Resat Close
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A this point, the regions contained in the dataset have to be sorted according to the chromosome
number. To do this, in the blue column named “Tools” on the left, search for “Filter and Sort” and click on
it; then click on “Sort data in ascending or descending order”.

In “Sort dataset” textbox, select the name of the dataset you have just loaded up (step 2). Then, in “on
column” textbox, select the number of “Chr” column of your first file (usually it is the first column: “c1”).
After that, in “with flavor” textbox, choose “Alphabetical sort” option.

Finally, in “everything in” textbox select “Ascending order” and then press “Execute” button.

(NOTE: this sorting is necessary for step 5).

Tools X ” History F )
Sort (version 1.0,3) Help fram Biostar Q. @
Filter and Sort “ Sort Dataset: [ Overlapping regions {295
= Decipher patients, 18.06.14
Eilcer d‘_ata on any column 1: All Decipher patients affected by OFCs (16.06.14).t:t ¥ 5 k ' )
using simple expressions 13.2 KB aQZwe
Sart data in ascending or onColurin;
descending order cl," 1: all Decipher patients @ & x
5 i affected by OFCs (16.0
Select lines that match an with flavor: 6.14).txt
CRAEF ISR Alphabetical sart v

Eilter on ar_nb\guwt\es in everything in:
polymorphism datasets

Ascending order ¥
GFF

Column selections
Extract features from GFF

data Adid new Colurnn selection

Eilter GFF data by attribute
using simple expressions

Filter GFF data by feature

A new job appears in the “History” column, automatically named “Sort on data 1” (it is possible to change
its name by clicking on the pencil icon on the right, near the job title, in the “History” column).

After that, in the “Tools” column, click on “BEDTools” and then on “Create a BedGraph of genome
coverage”. In this page, select the file obtained from last step, named “Sort on data X”, and take off the
check symbol from the option “Report regions with zero coverage”.

Finally, in “Calculate coverage based on” textbox, set the options “both strands combined”.

Don’t modify the other options presents in this page but click directly on “Execute” button.

(NOTE: in the output file there are four columns, referred to the overlapping regions: chr [c1], start [c2],
end [c3], number of overlaps [c4] but not the patient IDs!).

History o0

I+

Tdols Create a PedGraph of genome coverage (version 0.1.0)

Help fram Biostar Q. @
NGS: RNA-seq

NGS: Picard {beta)

Overlapping regions {295

The BAM or BED file from which coverage should be computed: [ ¢
Decipher patients, 18.06.14)

2: Sortondata 1 v
NGS: Yariant Analysis 29.4 KB
Report regions with zero coverage: Q¥ e e
snpEff
BEDTools 2: Sort on data 1 @& SR

- If set, regions without any coverage will also be reported.
Intersect BAM alignments

with intervals in another files 1: all Decipher patients @ & %

Treat split/spliced BAM or BED12 entries as distinct BED intervals when computing coverage.:

Count intervals in one file

overlapning intervals in
another file

Create a histogram of
gdenome coverage

Create a BedGraph of
genome coverage

Convert from BAM to BED
Merge BedGraph files

Intersect multiple sorted BED
files

EMBOSS

If set, the coverage will be caleulated based the spliced intervals only, For BAM files, this inspects the CIGAR M
operation to infer the blocks for computing coverage, For BED12 files, this inspects the BlockCount, BlockStarts,
and BlockEnds fields {i.e., columns 10,11,12). If this option is not set, coverage will be calculated based on the
interval's START/END coordinates, and would include introns in the case of RNAseq data,
Calculate coverage based on:

haoth strands combined ¥

Scale the coverage by a constant factor:

Each BEDGRAPH coverage walue is multiplied by this factor before being repaorted. Useful for normalizing coverage
by, e.q., reads per million (RPM)

Execute

affected by OFCs (16.0
6.14).txt

6) When the previous job is completed, in the “Tools” menu, select “Join the intervals of two datasets side-
by-side” and join dataset 3 [“Sort on data 1 (Genome Coverage BedGraph)”] with dataset 1 [file uploaded
in step 1], setting ‘1" in “with min overlap” textbox and in “Return” select “Only records that are joined

(INNER JOIN)”.

(NOTE: in the output file there are eight columns: chr [c1], start [c2], end [c3] of the overlapping region;
number of overlaps on each overlapping region [c4]; chr [c5], start [c6], end [c7] of the patient region;

patient ID [c8]).
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Tools -2 Histor -
= | Ioin (version 1.0.0) Help fram Blostar Q.| @ Y =
Get Genomic Scores Join: 1 Overlapping regions {295
Operate on Genomic Intervals 3: Sort on data 1 (Genome Coverage BedGraph) v Decinfiepatiant=Ata noiil)
Profile Annotations for 3 set First dataset 46,3 KB al=ee
of genomic intervals
LD 3: Sort on data 1 (G
Subtract the intervals of two > SR DLSHRE BN | ® | # X
s 1: All Decipher patients affected by OFCs (16.06,14).txt ¥ ome Coverage BedGra
Second dataset ph)
Join the intervals of two . . i
datasets side-by-side with min overlap: 2: Sort on data 1 @ & X
1
%the IR tbp) 1: All Decipher patients @ & x
affected by OFCs {16.0
Get flanks returns flanking Return: 6.14).txt
region/s for every gene Only records that are joined (INMER 1OIN) A
Coverage of a set of
intervals on second set of
intervals

Those regions that overlap, are split in different rows (see the orange arrows), so you need to group the
data in order to have all the patients whose regions overlap in the same row. Example:

chri 833831 4061509 1 chrl 233831 4061509 256833

chri 4793338 5967400 1 chrl 4795388 17364849 2483

chrl 0967409 6023558 2  chrl 4795388 17364840 2483

chri 5967409 6023558 2 chrl 5967400 60235528 282118 g
| chri 6023558 17364849 1 chrl 4795388 17364849 2483 |

7) Inthe “Tools” menu, click on “Join, Subtract and Group” and then select “Group data by a column and

perform aggregate operation on other columns”.
In the new page, select dataset 4 [“Join on data 1 and data 3”], then in the “Group by column” textbox
choose “c2”. After that, in the lower part of this page, click on “Add new Operation” button and then
insert the first operation (Operation 1):

- Type: Concatenate Distinct

- Oncolumn: c4 [num. of overlaps]

- Round result to nearest integer?: NO
Then, click again on “Add new Operation” button and set the conditions for the second operation
(Operation 2):

- Type: Concatenate

- Oncolumn: c8 [patient IDs]

- Round result to nearest integer?: NO
At the end, press “Execute” button to start running this job.

Tools A B Histor [ -
Group (version 2.1.0) Help fram Biostar Q. @ I ¥ =
search tools Q Select data: [ Ove.rlﬂpping .regiuns {295
Get Data 4: loin on data 1 and data 3 v Decipher patients, 18.06.14)
Dataset missing? See TIP below 126.5 KB Q% e
Send Data
- Group by column:
Lift-Over 4:Joinondatalandd @ & x
Text Manipulation EEY ata3
Convert Formats Ignore case while grouping?: 3:Sortondatal (Gen @ & x
EASTA manipulation ome Coverage BedGra
Filter and Sort ph)

Ignore lines beginning with these characters:
Join, Subtract and Group
Subtract Whole Dataset from

Select Al || Unselect All 2: Sort on data 1 @ F

another dataset 2 1: All Decipher patients @ & x
@ affected by OFCs (16.0

Join two Datasets side by

B e 6.14].txt

side on a specified field i Gl duiit
<

Compare two Datasets to 2

find comman or distinct rows

Group data by a column and -

perform aggregate operation

on other columns, I
7

Extract Features %

Fetch Sequences
Eetch Alignments
Get Genomic Scores I3
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Tools

search toals Q

Get Data

Send Data

Lift-Over

Text Manipulation

Convert Formats

EASTA manipulation

Filter and Sort

Join, Subtract and Group
Subtract Whole Dataset fram
another dataset

loin twio Datasets side by
side on a specified field

Compare two Datasets to
find common or distinct rows

Group data by a column and
perform aggregate operation
on other columns,

Extract Features

Fetch Sequences

Eetch Alignments

Get Genomic Scores

Operate on Genomic Intervals

Statistics

Graph/Display Data

Regional Yariation

Multiple reqression

Multivariate Analysis

Evolution

Motif Tools

Multiple Alignments

Metagenomic analyses

Genome Diversity

NGS TOOLBOX BETA

lings beginning with these are not grouped
Operations
Operation 1
Type:
Concatenate Distinct ¥
on column:
c4 v
Round result to nearest integer?:

NO v

Remove Operation 1

Operation 2

Type:
Concatenate hd

On column:
[0

Round result to nearest integer?:
NO

Remove Operation 2

Add new Operation

History [58 -

Overlapping regions {295
Decipher patients, 18.06.14)

126.5 KB Q% we
4:Joinondatalandd @ & x
ata 3

3: Sortondata 1 (Gen @ & x
ome Coverage BedGra
ph)

2: Sorton data 1 @ F R
1: All Decipher patients @ & x

affected by OFCs (16.0
6.14).txt

8) Afterward, in the “Tools” menu, click on “Join, Subtract and Group” and then select “Join two Datasets
side by side on a specified field”.
At this point, select the dataset 3 [“Sort on data 1 (Genome Coverage BedGraph)”] in “Join” textbox and
‘c2’ in “using column” textbox; then, select the dataset 5 [“Group on data 4”] in “with” textbox and ‘c1’ in
“and column” textbox.

3 = ~

ool o Join two Datasets (version 2.0.2) Help from Biostar Q. @ Histury c o

search toals [x] Join: [3 Overlapping regions (295

. v Decipher patients, 18.06.14)
Get Data 3: Sort on data 1 (Genome Coverage BedGraph)
Send Data using column: 155.2 KB Qe e
Lift-Over 2y 5: Group on data 4 W
Text Manipulation with: & =
Convert Formats 5: Group on data 4 = W ® | F X
EASTA manipulation . s
" and column:

Filter and Sort 3: Sortondatal (Gen @ & x
Join, Subtract and Group I ome Coveraqe BedGra

Subtract Whole Dataset from Keep lines of first input that do not join with second input: oh)

another dataset Yes ¥ 2: Sorton data 1 @& PSR

Join two Datasets side by " ot .

T Keep lines of first input that are incomplete: - i i

side on a specified field B L L 1: All Decipher patients @ & x

Yes ¥ affected by OFCs {16.0
Compare two Datasets to 6.14).txt

find comman or distinct rows Fill empty columns:

Mo v

Group data by a column and
perform aggregate operation
on ather columns,

Extract Features

In the output file there are two columns repeated (those columns you used before for grouping, c2=c5
and c4=c6), so you need to delete them.

chri 8335831 4061509 1 8335831 1| 2536833

chri 4735388 3967499 1 4795388 1| 2483

chri 5967459 B023558 2 3967499 2| 2483,Z288118
chri G023555 17364849 1 6023558 1| 2483
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In the “Tools” menu, select “Text Manipulation” and then click on “Cut columns from a table”, to
eliminate columns c5 and c6.
Cut columns: -c1 (chr)

-c2 (start)

-c3 (end)

-c4 (num. of overlaps)

-c7 (IDs of patients whose CNV regions overlap)
(NOTE: After that, you will get the right output file you want, composed by five columns: chr [c1], start
[c2], end [c3] of the overlapping region; number of overlaps on each overlapping region [c4]; IDs of the
patients whose CNV regions overlap [c5]).

Tools e & - History SR « 4
ST Cut (version 1.0.2) Help fram Biostar Q. @ =t
Text Manipulation Cut columns: 5 Overlapping regions (295

add eolumn to an existing LT Decipher patients, 18.06.14)

dataset 236.5 KB Az we

Delimited by:
Compute an expression on
Bvery row Tab v 6: Join two Datasets @& £ R
. on data 5 and data 3
Concatenate datasets tail- From: [
ta-head 6 Join two Datasets on data 5 and data 3 v 5: Group on data 4 @ S X

Condense consecutive

characters 4: Joinondatalandd @ & x

ata 3

Convert delimiters to TAR

3: Sortondata 1l (Gen @ & x
Merge Columns together WARNING: This tool breaks column assignments. To re-establish column assignments run the tools and dlick ome Coverage BedGra
Create single interval as 3 on the pendil icon in the |atest history item, ph)
new dataset 8 The ourput of this tonl is always in tabular farmat (e.q., if your original delimiters are commas, they will be 2: Sort on data 1 & x
Cut columns from a table replaced with tabs). For ezample:

1: All Decipher patients @ & x

Cutting columns 1 and 3 from: affected by OFCs (16.0

6.14).txt

Change Case of selected
calumns
apple,is,good

Paste twao files side by side

Remove beginning of a file

Select random lines from a
file

windows,is, bad
will give:

apple  good
windows bad

Select first lines fram a
dataset

10) The output file you obtained from the previous step is exactly the file you are looking for, but their

entries are still sorted according to the chromosome number.

In order to get a ranking based on the number of overlaps of each overlapping regions, you can sort again
the output file by searching in the “Tools” menu the entry “Filter and Sort” and click on “Sort data in
ascending or descending order”.

In “Sort dataset” textbox, select the name of the dataset 7 [“Cut on data 6”], and then, in “on column”
textbox, choose the number of the column which contains the num. of overlaps (usually it is the fourth
column: “c4”).

After that, in “with flavor” textbox, select “Numerical sort”.

Finally, in “everything in” textbox select “Descending order” and then press “Execute” button.

In the outcome file you can find the ranking of your overlapping regions, based on the num. of overlaps,
with their location (chr, start, end) and the patients that overlap on them.

chrli 105300320 105601794 1 289515 chr22 49974786 50715515 3 2384(2/2),1993(2/2),282252
chrl 113377785 113676630 2  248354,288279(1/2) chrl 113377785 113676630 2 248354,288273(1/2)

chrl 148820270 140041013 1 276232 chr3 71156 283756 2 289754(1/2),240434

chr3 71156 283756 2 289754(1/2),249434 » chr4 1075598 1497017 2 2599,259061

chr4 1075598 1407017 2 2509,250051 chri 105300320 1058601794 1 289515

chr2z 49974766 50715515 3 2384(2/2),1993(2/2),282262 chri 148820279 149041013 1 276232

BEFORE AFTER



