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Overview:

GLORP is designed to perform position-based quefiggenomic sequence annotations (features). It
contains a query language that affords many difiteygoes of position searches via command line and
graphical user interfaces, and incorporates vanigalization tools. In this application, featsiigre
combined into sets, called “tracks,” where a siriglek can contain features from any number of
genomics sequences. For example, a track mighaicoall exons in a genome, the introns on a
particular chromosome segment, etc. These feagtisecan be loaded from different types of tersfil
but are best represented by GFF (General Featuneaffiles. These files are structured so thahea
line encodes a single feature and thus one filecoatain all the features in a track.
http://www.sanger.ac.uk/Software/formats/GFF/GFFeSghtml

Since features are just start and stop positiores gguence, each feature can be viewed as a unique
object located on the sequence or as a mask oxaptrcified region of the sequence. GLOP’s bailt-i
operators will seamlessly manipulate featurestimegirepresentation. For example, a user might be
interested in the set of all exons on a chromositratoverlap with a specific set of genes on thates
chromosome. In this case one track would conterset of exons (“exon_track”), another the set of
genes (“gene_track”). To find all overlapping feaas, the user would perform an “AND” operation on
these two sets of features, returning a track aointathe set of overlapping features (“exon_tradkD
gene_track”). If the user only wanted the exontheoutput set, the genes could then be subtracied
(“((exon_track AND gene_track) SMINUS gene_track)"Alternatively, a user could “subtract” the
positions of the exons on a chromosome from the gesitions, to get a track containing a set of new
features that represent the introns in the geblsing tracks containing the exons (“exon_trackd an
genes (“gene_track”), the user would then negatewo (“gene_track — exon_track”), returning acfet
new features encoding the positions within the gea encoded by the exons. In the first exanpke,
“set basetoperators acted on the features as immutabldipo$airs allowing for the sets to be altered
but not the features themselves. In the seconchjgbea the binary’ operator acted on the features as
positions on the sequence, allowing for the feattwebe spliced and merged into new features.

! The actual syntax would be: (T:exon_track AND Tgetrack) SMINUS T:gene_track



Installing and Running GLOP:

In order to run GLOP, it is necessary to firstatigava version 1.5 or later. If not already adkd,
java can download java from the Sun java website.
http://www.java.com/en/download/manual.jsp

Linux

Installation:

1. Unzip the package in the desired directory.
>> unzip glop.zip

2. Adjust the attributes for the application exadl.
>> chmod a+x glop.sh

Running:
1. Change directories into the “glop” directory and "./glop.sh".

Microsoft Windows2000/XP/2003

Installation:

1. Unzip the package in the desired directory (\iprat some other pkzip based application will
suffice).

Running:
1. From within the “glop” folder double-click thglbp.bat" application.

Mac OS X

Installation:

1. Unzip the package in the desired directory.
>> unzip glop.zip

2. Adjust the attributes for the three applicatxecutable.
>> chmod a+x glop.sh

Running:
1. Change directories into the “glop” directory and "./glop.sh".



Query Language:

The complete list of operators is included beldwperforming queries, it is possible to mix andicha
set and binary operators.

Set based operators:

T1IOR T2 union (symmetrical)
T1AND T2 intersection (symmetrical)

two features overlap if any portion of the featuvgsrlap
T1sAND T2 intersection (symmetrical)

sfeatures only overlap if their boundaries matchcty
T1MINUS T2 relative compliment (asymmetrical)

a feature in T1 will be removed from the outputitany portion of
the feature in T1 overlaps with a feature in T2

T1sMINUS T2 relative compliment (asymmetrical)
a feature in T1 will be removed from the output@dy if the features
boundaries exactly match those of a feature in T2

T1POS{x, y} T2 order (asymmetrical)
features in T1 and T2 will be included based airtrelative
positions to each other and the values of x and y

Binary based operators

T1]||T2 union (symmetrical)

T1&& T2 intersection (symmetrical)

T1-T2 relative compliment (asymmetrical)
1 T2 absolute complement

The section “Query Language Examples” contains gkammueries using the various operators.

In addition to the query operators, the languageains qualifiers that can be used to limit which
features within the tracks, are used in particséarches. For example, if a track contains feature
encoding all genes in a genome, the sequence icutéd be used to only examine features on a
particular chromosonfe Limiters are included to limit features by segee, position on the sequence
(ex. only features that occur within the x to yifioss on the sequence), and length of the fedexe
only features that are within x to y positions lpng

Qualifiers:
T1S:S1 only features on sequence “S1”
T1<x,y> only features with lengths from x to y
T1l<;a, b> only features that are located on the sequeneeeba a to b
T1l<x,Yy; a, b> only features with lengths from x to y and tha kxcated on the sequence
between atob
T1{x, y} only clusters that contain x to y overlappingtbeas
T1{x,y; a, b} only clusters that contain x to y features, sejgdry a to b positions

2 Assuming a track named “gene_track” and the chsmmeoof interest named “xChrom”, the syntax would be
“(T:gene_track S:xChrom)”. When combined with tirevious example that found the overlap of genésexons, this
would be: T:exon_track AND T:gene_track S:xChrom



Command Line Interface:

The Command Line Interface (CLI) is based on thilgy scripting language and will accept most valid
Python commands. The CLI can be used to load, fmodew, and save data. The CLI also provides
access the internal data structures containingr#lo&, feature, and sequence data. Thus, usifgRyt
commands, users can create their own scripts toaie their various tasks and even expand upon the
built-in data operations. The use of scripts aserulefined data operations are discussed funthibie
section “Scripting Language” below.

When the program starts it automatically loadsfilbecalled ‘startup.py,” containing various scspt

included to facilitate the use of common functiofi$ie user can modify this file to include theirrow
scripts or to load addition files at startup.

wn C:AWINDOWS\System32\cmd.exe

C:\Documents and Settings\Gromit\Desktop\gfe\srciinstall\gfe>ECHO OFF
Gene Feature Editor

version 0.2

Copyright 2084, University of Pennsyluvania. All rights reserved.

Loading startup scripts...

Loading: data/seq_sm.fasta

% WARNING: Sequence not found, so created empty Sequence with ID: chri
Loaded GFF file: data‘\gb.gff

>0




Graphical User Interface:

The Graphical User Interface (GUI) can be usedeidopm many of the built-in operations. The GUI
has a main window which contains various menusMassages’ area and a ‘History’ area. The
‘Messages’ window will display all status, warningnd error messages. The user can disable this
window via the Edit menu, in which case all outpuit be displayed in the CLI. The verbosity of the
feedback (status, warning, and error) can be gbttive “setVerbose()” command.

The ‘History’ window contains the CLI equivalent all commands initiated via the GUI. Thus, the
History window will contain a log of all GUI deridecommands. The user can copy and paste the
commands in the History window directly into the Qi into a file to be loaded into the CLI. Future
versions of the GUI will include the ability to dotly load or save command histories, and convert
sequences of commands from the history into maarosssible through the CLI.

£ Gene Feature Editor E|E‘g|

File Edit ‘iew Help

vl

|H5|y




Menu Options:

File:
- Load Track (*.fas | *.fasta, *.gff)
- Save Track (*.fas | *.fasta, *.gff)
- New Sequence
- Load Sequence (*.fas | *.fasta)

:Quit

Edit:
- Copy History
- Clear History
- Select All History
- Enable Message Window
- Clear Messages

- Search Track

View:
- Browse Tracks
- Browse Sequences
- Display Track...
- Display Sequence...

Help:
- Help Topics
- APl documentation
- Parser definitions

- About



Usage Examples:

These examples use the chromosome chrX, in thermger@ome. The data files were downloaded from
the UCSC genome browser (build hgl8) and are Idaatéhe data folder, included with the installatio

of this application.

Compute SNPs located in conserved elements:

1. Load SNPs track. The SNPs are located in the GFRdtted data file “snps.gff.” Using the
GUI, select ‘Load Track’ from the ‘File’ menu orgss ‘ALT-L'.

W& Load Track AlE+L
E Sawe Track
D Mew Sequence
(o Load Sequence

@ ouit AlE+E

2. An ‘Open File’ dialog box will appear. In this dtg select ‘GFF files.” Then select the file
‘snps.gff’ from the data directory and press thee®@ button. This might take a minute or so to

load due to the size of the file.

£ Load Track File

¥ 2@EE

Lok in: |;-,‘—" src

= (= cachedir
\4*3 (= classes
B"‘f Rece”tts = copyright
OCUmEnN m
= CVS I:‘ Show all files

9 = data
— (= documentation
Desktop 7= edu
: (= icons
=/ = instal
My [~ presentation
Documents
\g Use file exterisions
My
Computer
<
My Network
Places

Files of tipe:

GFF files (*.gff)
FASTA files (*.fas; * fasta)




3. When loading the SNPs file completes, a warningsags will be displayed in the ‘Messages’

6.

window. This warning is not relevant to these eghaw and can be ignored. The ‘History’
window will display the command line equivalentthe GUlI command we just ran.

>>> |oadTrack(“C:\\Glop\\data\\snps.gff’, 3)

Load the track containing conserved elements (‘gitg. Using the GUI, select ‘Load Track’
from the ‘File’ menu and in the ‘Load Track Filgatbg select the ‘mce.gff’ file from the data
folder.

Having loaded the SNPs and conserved elementsstrecan query the tracks to create a new
track that contains all SNPs that are located imseoved elements. Using the GUI, select
‘Query Tracks’ from the ‘Edit’ menu.

File N=eid ‘iew
Mess [ | Copy History ctri+C L
3‘2 Clear History
Select Al History Cirl+A
v Enable Message Window
% Clear Messages

®_ Query Tracks

A dialog box will appear asking for an id value the output track; that is, the track which will
contain the output from the query. In our cass ttack will contain all SNPs that are located in
conserved elements, so lets call it ‘ceSNPs’. En&SNPs’ in the id field and then press the
‘Ok’ button to continue.

£ Output Track ID

Output Track ID: | ceSMPs|

[ Ck ] [ Cancel
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7. The Query Builder now appears. All of the quergm@ions can be accessed from this dialog.
To perform the query we are interested in herecséhe ‘snps’ track and press the ‘Insert
Track’ button.

£ Query Builder

— Operators | 7 Unitary Operators —Qualifiers

2 p [] Hegate ] Sequence:i‘i X |
—Track

it e | w |
mce

Location (hp):} | and ‘ |

Repeat: ‘ | o ‘ |

PP ) L—‘ i | Vitithir: ‘7 J izl ‘7 J

Insert Track

Query: !EESNFS = ‘ [ Change Output Track 1D

Oper ator Megate Track/Group Qualifiers

Compume [ Close I

8. The track ‘snps’ has now been added to the queahlang us to select an operator. Select the
‘AND’ operator and the ‘mce’ track. Then press timsert Track’ button. This will create the
expression ‘snps AND mcs’ which will return a tramntaining all features in the ‘snps’ and
‘mce’ tracks that overlap.

Query: | ceSMPs = snps AND mce

Cperator Negate Track,/Group
snps
AMND e

11



9. We now need to remove all ‘mce’ features from tbhgoat track, since we want the output to
contain the SNPs located in the conserved elemandsnot the actual conserved elements. First
we need to group the ‘snps AND mce’ operation.dddhis select the two elements from the
table in the lower pane and then press the ‘Gralpcd Element(s)’ button.

& Query Builder

—Dperators | 7 Unitary Operators 1 Qualifiers

Intersection: AND [ Hegate 1 59quemce:§-7 b |
[Intersection (sict): sAND | :
[Intersection (hitwise): && — Track )
|Uniian: OR T |
| Wiiclth 7 to
iUmUn (hitwise): || snps ey | | | |
[Relative complement: MINUS TOCE!
Relative complement (strict): sMINUS . . ; :
[Relative complement (bitwise): - Location (bp):i_ | and [ J
Crder: POS

Repeat: | [ |
Order (bp): | to [ | wiithin: | | o | |

[ Group Selected Elementis) J [ Ungroup Selected Element(s) ]

et [=lar EE LPc — ooy | = ] PWHGF\ itout Track 10

| Cperatar Negate Track/Group Qualifiers

l Delete Selected Elements(s) ] [ Delete all Elements

[ CompLite J [ Copy I [ Close J

10. Parenthesis are now placed around the ‘snps AND expeession allowing us to perform an
operation on this expression. Select the ‘snpgkiiand the ‘SAND’ operator (the ‘strict’
intersection), then press the ‘Insert Track’ buttde strict intersection will only include
features in the output that exactly overlap; teateatures must have the same start and stop
positions to be considered intersecting. Thisisthe case for the non-strict intersection (ie
‘AND’). Non-strict intersections only require thatsingle position overlap between to features
for them to be considered intersecting. After pirggthe ‘Insert Track’ button, the query will be
updated, showing our completed expression.

Query: | ceShPs = { snps AND mce ) sAND snps

Cperator Hegate Track,/Group
isnps AND mce)
saMD snps

11.We could now press the ‘Copy’ button to copy thipression to the clipboard for pasting into a
text editor to be saved or used in a user definadtion. Now we just want to run the
expression, so press the ‘Compute’ button. Depgnalin the speed of your computer, the query
might take a minute or so to complete. When theryhas completed, press the ‘Close’ button
to close the Query Builder dialog.

12



[ Close ]

Copy ]

Compute ] [

12.We can use the Track Browser to view informatioawtlthe various tracks that are loaded. To
open the Track Browser select ‘Browse Tracks’ fiitvn ‘View’ menu.

Flle Edit
Messages: i Browse Tracks

Browse Sequences
'f Cisplay Track
*'7 Cisplay Sequence

13. At the top of the Track Browser select the ‘Trapkil-down menu and choose the new track
‘ceSNPs’. This will cause the ‘ceSNPs’ track todisplayed.

= Track Browser

‘._“_y_ B Track: |ceSkPs vl

Atributes: snps e
Rt

mce
ct
Exact

14.The Track Browser contains various panels withrimi@tion about the selected track. The
‘Attributes’ panel is currently blank because thare no attributes associated with this track.
The user can use the buttons at the bottom ofttfiblaes panel to add, change, or delete
attributes. The ‘Features’ panel contains a listliofeatures in the selected track (features are
not displayed for track containing more than 40,&%ures). Clicking on a feature will bring
up a dialog box that displays the attributes fait fieature. The center panel lists the sequences
that underlie the features in the specified trathis panel also includes various details about the

track.

13



£ Track Browser |:‘E‘S‘

@ o T ® 0 @

Atiributes: Sequences: 4 Features:

chrix Exact Feature (chri(i: {147362..147362) "~
Exact Feature (chri): (161795,.161795) —

Exact Feature (chr): (168898, 168397

Exact Feature (chrid): {168903..168903)

Exact Feature (chri): (168934, 168934)

Exact Feature (chri): (168976, 168975)

Exact Feature {chri): (169594, 169594

Exact Feature (chrid): (215231..215231)

Exact Feature (chridi: (215243..215243)

L Exact Feature (chri): (217870,.217870)

rin: 147362 Exact Feature (chri): (217871..217871)
Ma: 154908769 Exact Feature (chrd): (217976..217978)
Length: 18648 Exact Feature (chri): (218003..218003)
Mum Features: 18616 Exact Feature (chri(): (218095..218095)
Contiguous: uncomputed Exact Feature {chri): (218120..218120)

[ s Exact Feature (chrid): (218124, 218124}
el e Exact Feature (chri(): (226980..226980) w

I' . o
o ‘ @ m ’ Merge Contiguols ] < Bl

15.To save the track as a GFF file, select the ‘Shu#ton in the Track Browser.

Etr i.butes y

16.In the ‘Save Track File’ dialog box, enter the filame ‘ceSNPs’ and be sure that ‘GFF files’ is
specified in the ‘Files of type’ pull-down menuhdn press the ‘Save’ button to create the
output file.

File name: | CESMPs | ’ Save ]

Files of type: | GFF files (*.gff) v Cancel

Compute SNPs that are located in conserved elementsanscription factor binding sites:

1. First we need to load the transcription factor bigcsites (TFBS). These are located in the
‘tfbs.gff’ file. These can be loaded using the 4 button in the Track Browser.

14



£ Trarlk Browser

2. To perform the query we need to compute the SN&tsettist in the ‘tfbs’ track. We can
compute this the same way we computed the SNP®iodnserved elements: (snps AND tfbs)
SAND snps. However, here we are looking for themiof both tracks so the complete
expression will be: “ceSNPs OR ((snps AND tfbs) $ABhps)”. We could create this
expression in the Query Builder or we could erttés éxpression at the command line using the
following command. This command creates a nevktcatled ‘ce_tfbs_snps’ that contains all
SNPs which are located in a conserved element BSTF

>>> compute(“ce_tfbs_snps = ceSNPs OR ((snps ANE) SAND snps)”)

3. Once the command is complete we can see in th& Biamvser that there were 19,958 features
located in either conserved elements or TFBS.

: Track Browser ‘WE\&J
== R B3 @

Afributes: Sequences; : Feaig__n:!esl__ )
chir Exact Feature (chr)(): (14?362 14?362) "~ |
Exact Feature (chrix): (161795,.161795)
Exact Feature (chrx): (168898, 168897)
Exact Feature (chri): {168903..168903)
Exact Feature (chri): (168934..168934)
Exact Feature (chri): (168976, 168976)
Exact Feature (chri): (169425, 169425)
Exact Feature (chrx): (169594, 169594)
Exact Feature (chri): (215231..215231)
L — . Exact Feature (chri): (215243..215243)

Min: 147362 Exact Feature (chri): (217870,,.217970)
Mz 154910946 Exact Feature (chrx(): (217871..217871)
Length: 19391 Exact Feature (chri): (217976, 217976)
Mum Features: 10055 Exact Feature (chri); (218003,.2128003)

Exact Feature (chri): (218095..218095)
e~ —r  Ievart Feature (chr): (218120..218120)
Compute Contiguity : i

[
— L Exact Feature (chri): (218124..218124) w
;.%. Q : [ Merge Contiguous ] < >

4. Using the ‘Save’ button in the Track Browser we paw save the output as a GFF file. We
could also save the file by entering the followsmmmand in the command line. The command
specifies that the track called ‘ce_tfbs_snps’ &thbwe saved as a ‘GFF’ file into the file
‘data/ce_tfbs_snps.gff’. Note that the ‘.gff’ emsgon is optional and will be added to the
filename if not included. The ‘0’ specifies thaetcommand should not overwrite a pre-existing
file. If the user does want to overwrite an exigtfile, then use ‘1’ instead of ‘0’.

15



>>> saveTrack(“ce_tfbs_snps”, GFF, "data/ce_tfopsgff”, 0)

Compute SNPs located in splice sites:

1.

In this example we denote the position of splitessas the 10 bps surrounding intron start and
stop positions. The GFF file containing the inseve will be using, is called ‘introns.gff’. We
can load this file with the GUI as previously déised. This file can also be loaded from the
command line using the following command.

>>> |oadTrack(“data/introns.gff’, GFF)

The query we need to run is a little more compéidahan the previous queries. The query will
use the ‘POS’ command which returns features basdteir order. First we will find all SNPs
that are within 10 bps of the stop position of eetion (ie from 10 bps before each stop
position to 10 bps after the stop positions). ©dhds we will use the ‘POS’ range of *-10 to 10'.
The command to find the SNPs within 10 bps of tiien stop positions is:

“introns POS{-10, 10} snps”. While this will retnthe SNPs of interest, it will also return the
associated introns; that is, the introns which amig SNPs within 10 bps of their stop
positions. Thus when a match is found (ie a SNBuad with 10 bps of a intron), both the
intron and SNP are included in the output tracke WMl deal with removing the introns shortly.
First, lets find the SNPs that are within 10 bpshef start of each intron. To do this we can just
to reverse the previous query as such: “snps P@S{Q} introns”. The union of these two
gueries will thus contain a track with the relev8hPs and the associated introns. To remove
the introns from the output we need to add “sANPsSrio the query, as we did in the previous
gueries. Thus the final query is as follows.

>>> compute(“spliceSNPs = ((introns POS{-10, 18ps) OR (snps POS{-10, 10} introns))
SAND snps”)

To save the output as a GFF file we can use th@fmlg command.
>>> saveTrack(“spliceSNPs”, GFF, "data/spliceSNBP¥"

The ‘compute()’ command returns a reference tdridoek object created by the query (ie
‘spliceSNPs’). This reference can be assignedvariable to allow for direct access to the track
object, from the command line. To assign thisneiee could have used the following
command.

>>> gpliceSNPs = compute(“spliceSNPs = ((intro@sSR 10, 10} snps) OR (snps POS{-10,
10} introns)) SAND snps”)

Since we didn’t assign the reference, we can gepa of the reference now using the
‘getTrack()’ command. When we ran the query wéecatlhe track object ‘spliceSNPs’ so we
can now use that ID to get a reference to the todpict. This command will create a variable
called ‘spliceSNPs’ that is holding a referenca toack object which has an ID of ‘spliceSNPs’.
The variable does not have to have the same nathe &sck ID, it's just often convenient.

>>> spliceSNPs = getTrack(“spliceSNPs”)

16



5. With a reference to the spliceSNPs track objectcarenow access the track objects Java
methods (see “Class Methods” below). Methods égisiccess the same track details as
included in the Track Browser. For example, tHefeing commands would return the number
of features in the track and the track’s lengtm{alative number of bps of all features in the
track). Note that the number of features ‘62Ihisre than the length of all features ‘564".
When computing the length of a track, overlappiagebpairs are only counted once.

>>> spliceSNPs.numFeatures()
621

>>> gpliceSNPs.length()
564

6. Looking at the features in the ‘spliceSNPs’ tratk apparent that there are duplicate features;
that is, features with the same start and stogiposibut different attribute values. If we are
unconcerned with the attribute values for eachufea&ind only concerned with non-duplicate
start and stop position, we could use the followsngimand to remove the duplicate features.

>>> spliceSNPs = spliceSNPs.noRepeats ()

7. Our variable ‘spliceSNPs’ now holds a referenca tew track object that is identical to the
‘spliceSNPs’ track but does not contain any dupéidaatures. Using the ‘numFeatures()’
method, we see that this new track only contairgsféatures.

>>> gpliceSNPs.numFeatures()
619

8. Since the number of features is still greater th@nlength of the track (still 564 bps), it's likel
there are SNPs larger than one base pair. Wesmtha length qualifier in the query language
to limit our track to only features with a lengthame base pair. However, to do this query we
need to know the track’s ID. Our original tracldren ID of ‘spliceSNPs’. We are now working
with a new track that was created by the ‘noRefeaiethod. Since every track object must
have a unique ID, this new track has a differentrtidn our original track. To get the ID value
for this new track we can use the ‘getID()’ method.

>>> spliceSNPs.getlD()
'_spliceSNPs_3766077167719397885'

9. When the ‘noRepeats()’ method ran it created agantD for our new track. Since this ID isn’t
very descriptive, we can change it to somethinganuseful.

>>> spliceSNPs.setID(‘'spliceSNPsNR’)

10.We can now use the following command to restricttcack to only include SNPs that are one
base pair long. This command could also be rumguisie Query Builder.

>>> spliceSNPs = compute(“spliceSNPsSNR_1 = spiNfesNR<1>")

17



11.We now have a track that does not include any te@eal does not include any SNPs that are
larger than one base pair. This new track objastdn ID of ‘spliceSNPsNR_1’ and the variable
‘spliceSNPs’ is holding a reference to this trableat. We can now review the number of
features and length of this track. If using thackrBrowser, you need to select the track by its
ID value, which in this case is ‘spliceSNPsNR_1".

>>> gpliceSNPs.numFeatures()
552

>>> spliceSNPs.length()
552

Extract nucleotide sequence for each transcriptiactor binding site containing SNPs:

This example requires the hg18 human chromosomk, sequence. The user can download this
sequence, as a FASTA file, from the UCSC genomeseoat:
http://hgdownload.cse.ucsc.edu/goldenPath/hg18ithsomes

1. We previously found the SNPs located in transaipfactor binding sites (TFBS). Now we
need to find all TFBS that contain SNPs. We cathioin the same fashion.

>>> compute(“bindingSites = (snps AND tfbs) SANDS’)

2. Now that we have a track containing the TFBS dénest, we need to load the sequence data.
When we loaded the first track containing featumeshe ‘chrX’ chromosome, a sequence object
called ‘chrX’ was created. This sequence objed mederenced by all future tracks containing
features located on the ‘chrX’ chromosome. InTheck Browser we see that the new track we
just created (‘bindingSites’) is also linked tor&h as the binding sites in this track are located
on the ‘chrX’ chromosome.

3. Inthe Track Browser, double click on the namehef $equence ‘chrX’ to open up the Sequence
Browser. As with the Track Browser, the Sequenm\Ber displays information describing the
selected sequence. However, notice that presglyhe values for ‘Max’ and ‘Length’ are
‘n/a’. These values are not set because we hawehtbaded the sequence data. While a
sequence object does exist that is called ‘chitXias not yet been associated with a data source
and the data from that source has not yet beertba@hus the sequence details are unknown.
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4. To associate the sequence object with a data s@eleet the source viewer button in the
Sequence Browser. This will open up a ‘Sequendea’Diealog box.

5. Inthe ‘Sequence Data’ dialog box, press the ‘Hualitton, to change the source for the sequence
data. This will open up a dialog box allowing the setting of the data source file.

6. Inthe ‘Change Sequence Loader’ dialog the ‘Loddgre’ is not editable. Currently the
application only allows sequence data to be lodd®sd FASTA files. Future versions will
allow for the loading of sequence data from otlwerces.
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7. Enter the location of the FASTA file containing ttieX sequence data into the ‘Source File’
field. In our case the FASTA file is called ‘chfX.and is located in the data subdirectory.

After entering the source file, press the ‘Ok’ butt

8. Inthe ‘Sequence Data’ dialog, the ‘Loader argusesttould now contain a single argument
which is ‘filename’ and the value of the this argegmhshould be the file you entered for the
sequence source. In our case again this is thedlled ‘chrX.fa’ located in the data
subdirectory. If this is correct, then press f@iSse’ button to continue.

9. To load the data, press the ‘(Re)Load Data’ buittathe Sequence Browser.

10. A dialog will appear asking to confirm the loadiofgthe data. Since this data file is 150 MB
large, depending on the speed of the computeilitake a significant amount of time to load
this data file. To continue press the ‘Load’ batto the confirmation dialog box. While loading
the data file, the GUI will become unresponsive] taedback will be send to the CLI. The GUI
will again become responsive when the data loadasycompleted.
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11. After loading the data the Sequence Browser shbaitstihe sequence contains 154,913,754 bps.

12.Now that the sequence data has been loaded, wexpart the track containing binding sites as
a FASTA file. The following command will save ttrack called ‘bindingSites’ as a FASTA file
called ‘bindingSites.fas’ in the data subdirectoiiyhe ‘0’ means this command will not
overwrite an existing file. If the ‘0’ is changéala ‘1’, then this command would overwrite an
existing file in the data directory called ‘bindibiges.fas’.

>>> saveTrack("bindingSites”, FASTA, "data/bindsigps.fas", 0)

View track in Genome Browser:

1. To view the ‘bindingSites’ track using the GenonreBser, select ‘Display Tracks’ from the
‘View’ menu. This will open up a ‘Track Selectalialog box. In this dialog box select the
track called ‘bindingSites’ and then press theeégelbutton.
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2. After a short delay (up to a minute) a HTML viewell be opened containing the Genome
Browser.
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3. lItis also possible to launch the Genome Browssnfthe CLI. The CLI command to view the
‘bindingSites’ track is shown below.

>>> viewTrackGenomeBrowser("bindingSites")
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Class Methods:

Track:

void addAttribute (String key, String value): Add an attribute.

void addFeaturgFeature feature): Add a Feature to this Track.

void addFeaturegTreeSet features): Add all Features from the $e¢e This is the same
collection that is returned by getFeatures(), alhgwusers to easily copy all Features from one
Track to another.

Object clong): Returns a shallow copy of this Track.

boolean containgFeature feature): Returns true if ‘feature’ exiatghis Track.

boolean containgString sourcelD): Returns true if this Track consaany Features on
‘sourcelD.’

boolean containsAttribute(Object key): Returns true if attribute 'key' esist
void delAttribute (Object key): Removes the attribute ‘key.’
Iterator featurelterator (): Returns an Iterator over the set of FeaturahigTrack.

TreeSet featuresBySourcEstring sourcelD): Returns the set of FeaturebimTrack that are
all located on the sequence ‘sourcelD.’

Object getAttribute (Object key): Get the value for attribute ‘key.’
HashMap getAttributes(): Get the attributes.

ArrayList getData(): Returns the sequence data. Sequence datacihats on different contigs
or is non-contiguous with separate items in theplrst.

String getDataFASTA(): Returns the sequence data formatted as a-sagtience FASTA file.
String getDataFormatted): Returns the sequence data with "\n" insertese

Sequence.FORMAT_WIDTH characters and a blank lifkebe inserted between gaps in the
data.

TreeSet getFeature§: Returns the entire set of Features in this Kraorted by their start
positions.

TreeSet getFeaturesByMag): Returns the entire set of Features in this Hiraorted by their
stop positions.

String getID(): Get the ID.
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int getMax(): Returns the maximum stop position in the Tragkill return '-1" if there are no
Features or if the Track contains Features onréiffiecontigs (ie isSingleSource() returns
false").

int getMin (): Returns the minimum start position in the Tra®ill return '-1" if there are no
Features or if the Track contains Features onréiffiecontigs (ie isSingleSource() returns
false").

Set getSourceS€)X: Returns the set of source Sequence objectsititirly the Features in this
Track.

boolean isContiguou§): Returns 'true' if the Track does not contaipgghetween Features. |If
the Features occur on different sequences , themvih return ‘false’.

boolean isSingleSourgg: Returns ‘true’ if the Features contained inTtreck all refer to the
same Sequence. This is similar to isContiguoust( plhows for gaps between Features.

int length(): Returns the number of positions contained enThack. Overlapping positions will
only be counted once.

void mergeContiguous): This will merge all overlapping Features in thack, creating new
Feature objects as necessary.

Track noRepeatg): Returns a copy of the track without any dupgkcieatures (based on
start/stop values).

int numFeatures): Returns the number of Features contained imtaek. If Features exactly
overlap, they will be still be counted separately.

int numSourceg): Returns the number of Sources spanned by thekTr

boolean overlap¢Feature feature): Returns 'true’ if the Feat@wattfre’' overlaps at least one
Feature in this Track.

boolean overlap§Track track): Returns 'true' if any Feature iadk’ overlaps a Feature in this
Track.

void removeFeaturdFeature feature): Adds ‘feature’ to this Track.

void setFeature¢TreeSet features): Replaces the existing setatulFe in the Track with the
Features in ‘features.’

String toString(): Returns list of Sequences and the number dfuFes per Sequence.

String toStringFull (): Returns list of Features including their regpecstart/stop positions.
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Features:
void addAttribute (String key, String value): Add an attribute.

int compareTo(Object feature): Compares the order of ‘featwigh this Feature. Returns *-1’,
‘0’, or ‘1’ as this Feature is less than, equaldiogreater than the specified feature (‘feature’).

boolean containgFeature feature): Returns true if the Featusdufe' exists on the same
Sequence and within the start/stop boundariesi@fFnature.

int contains(int pos): Returns '-1' if this Feature existeathe integer 'pos’, returns '0" if 'pos’ is
contained in this Feature, and '1" if 'pos’ ocetitar this Feature. This assumes 'pos' is positive
and within this Feature's Sequence boundaries.

boolean containsAttribute(Object key): Returns true if attribute ‘key’ etds

void delAttribute (Object key): Remove an attribute.

boolean equalfObject feature): Returns true if the Featuretiesl has the same source and
start/stop positions as this feature. Attributesreot considered for this comparison.

Object getAttribute (Object key): Get value for attribute 'key'.
HashMap getAttributesMap(): Get the attributes as a HashMap.
String getData):  Returns the underlying sequence data.

String getDataFormatted(): Returns the Sequence data, with "\n" inseetezty
Sequence.FORMAT_WIDTH characters (usually 50 ta@!38rs).

int getMax(): Returns the maximum position of the Featuféhe Feature consists of a fuzzy
Feature, this may not be equal to 'stop'.

int getMin(): Returns the initial position of the Featufghis should return the same value as
getStart().

Sequence getSour€e Returns the underlying Sequence object.
String getSourcel)): Returns the underlying Sequence object's ID.

int getStart(): Returns the start position of the Featureis Bhould return the same value as
getMin().

int getStop(): Returns the maximum position of the Featuféhe Feature consists of a fuzzy
Feature, this may not be the maximum position.

int length(): Returns the number of positions containechenFeature.

Feature overlapgFeature feature): Returns the overlapping regetween ‘feature’ and this
Feature. The returns the overlapping region asnafeature.
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boolean overlapgFeature feature): Returns true if the Featusedufe' has at least one position
that overlaps positions in this Feature.

String toString(): Only returns the basic Feature information.

String toStringFull (): Returns all Feature information, except theada
Sequence:

void addAttribute (Object key, Object value): Add a sequence atteibu

boolean containgFeature feature): Returns 'true’ if ‘featureastained in this Sequence
object. This will return ‘false’ if the Featurstsurce ID doesn't match this Sequence’'s ID.

boolean containgint pos): Returns ‘true’ if the position ‘pos’dontained in this Sequence
object.

boolean containsAttributg(Object key): Returns 'true’ if the attributeykexists.

void delAttribute (Object key): Removes the attribute.

Object getAttribute (Object key): Get a sequence attribute.

HashMap getAttributes(): Get the sequence attributes.

String getData): Returns the Sequence data as a single unftaenstring.

String getDataBoundedint min, int max): Returns the sequence datavéen position '(min-
1)' and position 'max’. Goes from ((min-1) to mbhgrause java Strings go from (0 to (length-

1)) and the actual position data assumes (1 tdh¢ng

String getDataBoundedFormattedint min, int max): Returns the bounded sequetata with
"“\n" inserted every FORMAT_WIDTH characters.

String getDataFormatted): Returns the sequence data with "\n" inseetezty
FORMAT_WIDTH characters.

String getID(): Get the ID.

int getMax(): Returns the maximum position of the Sequencéhe chromosome. If the
dataLoader isn't set and thus no data is loaded,\hll return -1.

int getMin(): Returns the initial position of the Sequenodtte chromosome. This will return
the same value as getOffset().

int getOffset(): Returns the Sequence starting position orckinemosome.

boolean isDataLoaded): Returns true if data was loaded.
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int length(): Returns the length of the data string.h# tataLoader isn't set and thus no data is
loaded, then will return -1.

void setAttributes(HashMap attributes): Set the sequence attributes

void setDatgString data): Set the Sequence data, expeatsiggle unformatted string. This
will set the dataLoaded flag to 'true'.

void setOffsefint offset): Set the Sequence starting positiorthee chromosome.

String toString(): Returns attributes information.
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Query Language Examples:

Set Based Operators:

AORB

A AND B

A sAND B

A MINUS B

A sMINUS B

A POS{X, Y} B

Sequence:  |--------msmmsmememeemeeeeeee- |
|012345678901234567890123456789|

Track T1: r-s t---—---- uv---w X-y

Track T2: a-b c-d e-fg---h i

T1:{(rs), (tu), (v.w), (x.y)}
T2:{(a,b), (c,d), (e.f), (a.h), (i.)}

union (symmetrical). This function returns a track @ning all features from
tracks A and B. Features that are identical i litcks will only be included
once.

Example: T1 OR T2 => {(r,s), (t,u), (v,w), (X,y), (c,d), (e,f), (g,h)i,)}

intersection (symmetrical). This function returns a track @ning all features
in A that overlap with a feature in B and similadly features in B that overlap
with a feature in A.

Example: T1 AND T2 => {(r,s), (t,u), (v,w), (c,d), (e,f), (g,h), (i,)}

intersection (symmetrical). This function returns a track tbantains features in
A that exactly overlap with a feature in B; thattlse feature in A must have the
same start and stop positions as the feature in B.

Example: T1 sAND T2 => {(r,s)}

relative compliment (asymmetrical). This function returns a tracktedmng
any features in A that do not overlap with a featurB.

Example: T1 MINUS T2 => {(x,y)}

Example: T2 MINUS T1 => {}

relative compliment (asymmetrical) This function returns a track containing
any features in A that do not exactly overlap vatfeature in B; that is, a feature
in A'is only included if it does not have the sastart and stop positions as a
feature in B.

Example: T1 sMINUS T2 => {(t,u), (v,w), (X,y)}

Example: T2 sMINUS T1 => {(c,d), (e,f), (g,h), (i,))}

order (asymmetrical). This function returns a trackteimng any features in A
that are followed X to Y base pair positions byattire in B. The relevant
features in B are also included in the output track

Example: T1 POS{5} T2 => {(t,u), (i,))}

Example: T2 POS{5} T1 => {(a,b), (t,u), (e,f), (v,w)}

Example: T1 POS{-5} T2 => {(t,u), (e,f}

Example: T1 POS{3,6} T2 => {(r,s), (c,d), (t,u), (i,))}

Example: T1 POS{-5,-1} T2 => {(r,s), (t,u), (e,0), (g,h), (v,w), (i,))}
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Binary Based Operators

AllB

A&& B

Sequence:  |------m-m-mmmemmememeoeeee- |
|012345678901234567890123456789|

Track T1: r-s t------- uv---w X-y

Track T2: a-b c-d e-f g---h i+

T1:{(1,3), (8,16), (18,22), (25,27)}
T2:{(1,3), (7,9), (11,13), (15,19), (21,23)}

union (symmetrical). This function returns a track @ning all features from
tracks A and B. Any features that overlap willrberged into a single (new)
feature that spans the entire length of the ovpitegpfeatures.

Example: T1 || T2 => {(1,3), (7,23), (25,27)}

intersection (symmetrical). This function returns a track @ning all base pair
positions that overlap between tracks A and B. Neatures are created, as
necessary, to encode the portions of the feathegterlap.

Example:T1 && T2 => {(1,3), (8,9), (11,13), (15,16), (18,19), (22)}

relative compliment (asymmetrical). This function returns a trackteamng the
portions of the features in A that do not overlaghvieatures in B. New features
are created, when needed to encode portions afrésin A.

Example:T1 -T2 => {(10,10), (14,14), (20,20), (25,27)}

Example: T2 - T1 => {(7,7), (17,17), (23,23)}

absolute complement. This function returns a track containing featusdsch
encode all base pair positions not encoded bydawifes in the track A.
Example:! T1 => {(0,0), (4,7), (17,17), (23,24), (28,29)}

Example:! T2 => {(0,0), (4,6), (10,10), (14,14), (20,20), (29)}

Additional Examples:

t1 sSMINUS t2 AND t2: {(t,u), (v,w), (c,d), (e,f), (g,h), (i,))}

t1 sSMINUS (t2 AND t2): {(t,u), (v,w), (X,y)}

(t1 MINUS t2) OR (t2 MINUS t1): {(x,y)}

(t1 sMINUS t2) OR (t2 sMINUS t1): {(t,u), (v,w), (x,y), (c,d), (e,f), (g,h), (i,))}

1] && 12
tl&& ! t2:

(1 && t2):

1 (t1 || t2):

(t1 - 12 && t1):
(t1 - (12 && t1)):
(t - t2) || (2 - t1):

((7,7), (17,17), (23,23)}

{(10,10), (14,14), (20,20), (25,27)}

{(0,0), (4,7), (10,10), (14,14), (17,17), (20,2(3,29)}
{(0,0), (4,6), (24,24), (28,29)}

{(0,9), (11,13), (15,19), (21,24), (28,29)}

{(0,9), (11,13), (15,19), (21,24), (28,29)}

{(7,7), (10,10), (14,14), (17,17), (20,20), (23,2@5,27)}
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Qualifiers:

A S:S1

A <x,y>

A <a, b>

A <x,y; a, b>

A{x,y; a, b}

Sequence M:  |-=----mmmmmmmmmmnaaes |
|012345678901234567890123]

Track T1: N--=-=-- 0 p-q

Sequence N:  |------==mmmmemmmmeeeeeeeee |

|012345678901234567890123456789|
Track T1: r-s t------- uv---w X-y
Track T2: a-b c-de-fg---h i

T1:{(n,0), (p.q), (.8), (t,u), (v,W), (x.y)}
T2: {(a,b), (c.d), (&.f), (g.h), (i.))}

sequence.This function returns a track containing any deas in A that are
located on sequence “S1”.

Example: T1 S:SM => {(n,0), (p,q)}

Example: T1 S:SN => {(r,s), (t,u), (v,w), (x,y)}

Example: (T1 OR T2) S:M => {(n,0), (p,q)}

Example: (T1 OR T2) S:N => {(r,s), (t,u), (v,w), (x,y), (c,d), (e,f), (@), (i,))}

length. This function returns a track containing any éeas in A that have
lengths from x to y.

Example: T1 <3> => {(p,q), (r,s), (X,y)}

Example: T1 <2,6> => {(p,q), (r,s), (V,w), (X,y)}

Example: (T1 OR T2) <4,6> => {(v,w), (g,h)}

location. This function returns a track containing any dees in A that are
located on a sequence between base pair positiamg & (inclusive).
Example: T1 <;10> => {(p,q), (v,w), (X,¥)}

Example: T1 <;8,17> => {(p,q), (t,u)}

Example: (T1 OR T2) <;20,30> => {(x,y), (i,))}

length and location. This function returns a track containing any éees in A
that have lengths from x to y and are located sacauence between a to b.
Example: (T1 OR T2) <4,100;6,20>=> {(t,u), (g,h)}

clustered features. This function returns a track containing groups ¢ y
features from A that are each a to b positions away one another. Ifaand b
are absent, the features that overlap are growgedhter.
Example: T1 {2;1,3} => {(n,0), (p,q), (t,u), (v,w)}
Example: (T1 OR T2) {4} => {(c,d), (t,u), (e,f), (g,h)}
Example: (T1 OR T2) {2} => {(c,d), (t,u), (g,h), (v,w)}*
* Note that (e,f) is not included. (c,d) is matdheith (t,u). (e,f) does not
match (g,h), so it is skipped. (g,h) matches (v,w)
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Scripting Language:

The command line interface (CLI) contains a sangianguage (Jython) that is based on Python. The
interface allows for most Python commands and synkor documentation on Python and Jython see:

http://www.jython.org
http://www.python.org

Users should review the script files included with installation to view examples of how to access
built-in objects from within the CLI.

startup.py: This file is loaded when the application begittscontains various functions that
facilitate interactions between the built-in obgeand the CLI.

header.py: This file contains standard definitions related3i.OP and should be included in
any user defined modules.

test.py: This module contains routines and objects uséestithe application. Simple Tracks
and Features are created and then used to perfsin dperations which are then compared to
the expected output.

testComp.py: This module was created to further test the cdatfmnal algorithms in GLOB.
Each of these functions will return a new Trackathwill not be included in the GLOB
trackPool. These functions are external implententa of the internal algorithms.and were
created to test the correctness of the built-iortigms (see parser.Operations.java). These
functions were created with an emphasis on coresstrather than efficiency and speed.

cluster.py: This module was created as an example of howatupulate Tracks and Features at
the command prompt. This module will merge alltiess in the Track that are within a
specified distance of one another. New Featurdwicreated to span the entire cluster. A
threshold sets the minimum number of Features sacg$o be considered a cluster and thus be
included in the output set. A new Track will béur@ed, containing the clusters. If there are no
matches, then ‘null’ will be returned.
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Batch Mode:

Both glop.sh (Linux/Mac) and glop.bat (Windows)all for the inclusion of up tainecommand line
arguments. The command line arguments are sedtlgito the CLI at startup. When the “-batch”
argument is given, GLOP will automatically quiteaftunning the remaining arguments.

Example batch mode:

To run a file “ex_batch.py” which contains a seié$LOP commands:
glop.bat —batch “import ex_batch”

---- contents of file: ex_batch.py ---
# This file will load a track containing exons (‘@ns.gff’) and one containing genes (“genes.gfiThe

# intersection of theses tracks will be computedi saves to a GFF file called “intersect.gff”

# load standard definitions
from header import *

from startup import *

# load tracks containing exons and genes
loadTrack("data/exons.gff",GFF)
loadTrack("data/genes.gff",GFF)

# compute intersection of tracks and store outpuiew track called “_g”

compute("_g = exons and genes")
# save track “_g” to GFF file called “intersectgff

# if the file already exists, then it will be ovettien

saveTrack("_g", GFF, "intersect.gff", 1)
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System Requirements:

Pentium (x586) 100 MHz or later processor
At least 256 MB of RAM (1 GB recommended)
At least 20 MB of hard drive space

Java version 1.5 or later

Known Issues:

Many features still not implemented in GUI.

GenBank (*.gb) file format not implemented.

FuzzyFeatures have not been fully tested and stmutbnsidered beta.
Need to allow for loading of FASTA files that comtanultiple sequences.
Need to implement database and URL options foritmpsequence data.

Should include “contained()” and “xor()” examplesdython.
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