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Genomic Coordinate Systems

● There are two major coordinate systems in genomics. 

● Base coordinate system anchors genomic feature to nucleotide positions 
while the Interbase coordinate system anchor genomic feature between 
nucleotide positions.

● Most genome annotation portals (e.g. NCBI or Ensembl), bioinformatics 
software (e.g. BLAST) and annotation file formats (e.g. SAM, VCF, GFF 
and Wiggle) use the base coordinate system, which represents a feature 
starting at the first nucleotide as position 1. 

● Other systems (e.g. UCSC, Chado, DAS2)  and formats (BAM, BCFv2, BED, 
and PSL) use the interbase coordinate system, whereby a feature starting 
at the first nucleotide is represented as position 0. 

http://gmod.org/wiki/Introduction_to_Chado#Interbase_Coordinates
http://biodas.org/documents/das2/das2_get.html#segment_ranges


Genomic Coordinate Systems

● The UCSC genome browser uses both systems and refer to the 
base coordinate system as “one-based, fully-closed” (used in the 
UCSC genome browser display) and interbase coordinate system 
as “zero-based, half-open” (used in their tools and file formats). 

● The interbase coordinate system is also referred to as “space-
based” by some authors.

There are several advantage for using the interbase coordinate system 
including: 

1. the ability to represent features that occur between nucleotides 
(like a splice site), 

2. simpler arithmetic for computing the length of features 
(length=end-start) and overlaps (max(start1,start2), min(end1,
end2)) 

3. more rational conversion of coordinates from the positive to the 
negative strand

Ref: http://bergmanlab.ls.manchester.ac.uk/?p=36



UCSC genome browser: Introduction

main sections:

1. UCSC Genome Browser
2. BLAT
3. Custom tracks, Sessions and Track Hubs
4. Table Browser
5. Other UCSC tools

● what does it do?
● How do I use it?
● What problems does it help me solve?
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1. UCSC Browser

● Understanding the browser interface

● Basic searches

● Viewing tracks

● Configuring the display

● Navigating

● Printing images

● Retrieving DNA sequences and annotation
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Browser Interface

Display Navigation
Search and Configure

chromosome ideogram

Annotation tracks

Display Navigation
Configuration



Track Configuration

● Track configuration depends on track type and enables you 
to;
○ Set data thresholds
○ Include or exclude data from a specific source
○ Choose data labels
○ Choose graph type, height, range and scale

● Track and element descriptions contain additional 
information



Configuring the genome browser display

Search for data types



Visual cues



Example search for human TP53



Annotation Track menu options



Supertrack

Filter

On Off



Mid page options to change settings



Printing track figures

● Customize track

● Add title

● consider showing only one transcript per gene by turning off 

splice variants

● Increase the font size and remove the light blue vertical 

guide lines in the image configuration menu

● Change image size

● Click on blue navigation menu-> view ->PDF/PS link 

http://genome-euro.ucsc.edu/cgi-bin/hgTracks?hgTracksConfigPage=configure


Retrieve DNA sequence

blue navigation menu -> view-> DNA



2. BLAT (Blast Like Alignment Tool)

● Rapid sequence search by indexing entire genome
● Useful for finding high similarity matches 
● 95% and greater similarity of length 25 bases or more OR sequences of 80% and 

greater similarity of length 20 amino acids or more 
● Limits: DNA (25000 bp), Protein (10000 aa) or 25 sequences
● Can be installed and run locally



BLAT results



Browser link



Details link



3. Custom tracks, session and track Hubs

● Signing in enables you to save 
current settings into a named 
session, and then restore settings 
from the session later.

● lifespan: 4 months 
● If you wish, you can share named 

sessions with other users.
● Individual sessions may be 

designated as either shared or 
non-shared to protect the privacy 
of confidential data. 

Sessions



Custom tracks

● It is possible for users to upload their own annotation data for temporary display 
in the browser. 

● These custom annotation tracks are viewable only on the machine from which 
they were uploaded and are automatically deleted 48 hours after the last time 
they are accessed, unless they are saved in a Session. 

● Optionally, users can make custom annotations viewable by others as well.

● Format your data

● Define browser characteristics

● Define track characteristics

● Upload and view your track

● Add URL for annotation details (option)

http://genome.ucsc.edu/goldenPath/help/hgSessionHelp.html#CTs


Track Hubs

Local hubs can be displayed on GBiB



Track Hubs



4. UCSC Table Browser

● Search for genes and annotation

● Setup and filters

● Join tables 

● Retrieve sequences

● Intersecting tracks

● Export to external resources



Table browser interface



Table browser usage

● Retrieve the DNA sequence data or annotation data underlying Genome Browser 

tracks for the entire genome, a specified coordinate range, or a set of accessions

● Apply a filter to set constraints on field values included in the output

● Generate a custom track and automatically add it to your session so that it can be 

graphically displayed in the Genome Browser

● Conduct both structured and free-from SQL queries on the data

● Combine queries on multiple tables or custom tracks through an intersection or 

union and generate a single set of output data

● Display basic statistics calculated over a selected data set

● Display the schema for table and list all other tables in the database connected to 

the table

● Organize the output data into several different formats for use in other 

applications, spreadsheets, or databases

http://genome-euro.ucsc.edu/goldenPath/help/hgTracksHelp.html#CustomTracks


Table Browser 
driven discovery

Task: Search entire genome for 
“CAG” trinucleotide repeats from 
USCS tables.

● Choose genome [hg19]
● Choose table [Repeats-

>Simple Repeats]
● Describe table -find correct 

data fields
● Choose region [genome]
● Upload locations
● Data summary - approx. 1 

million simple repeats

McMurray CT. Mechanisms of trinucleotide repeat instability during 
human development. Nat Rev Genet. 2010 Nov;11(11):786-99.

modified from openhelix UCSC tutorial



Table Browser:Filtering

search for simple repeats in the entire 
genome with “CAG” sequence and extract 
data table.

Results



Table Browser: Intersections

● Combines the output of two queries into a single set of data 

based on specific join criteria. 

● For example, this can be used to find all SNPs that intersect 

with RefSeq coding regions. The intersection can be 

configured to retain the existing alignment structure of the 

table with a specified amount of overlap, or discard the 

structure in favor of a simple list of position ranges using a 

base-pair intersection or union of the two data sets. 

● The button functionalities are similar to those of the filter 

option.



● rtracklayer bioconductor package

● Download tracks from UCSC table browser

# get repeat-masked regions in and around the transcription start site (TSS) of the 
human E2F3 gene, in hg19:

library (rtracklayer) 
mySession = browserSession("UCSC") 
genome(mySession) <- "hg19" 
e2f3.tss.grange <- GRanges("chr6", IRanges(20400587, 20403336))
tbl.rmsk <- getTable( ucscTableQuery(mySession, track="rmsk", range=e2f3.tss.grange, 
table="rmsk"))

Accessing genome browsers via R 



Other tools

● Gene sorter

● In silico PCR

● VisiGene browser

● Cancer Browser and Encode portal

● Genome graphs

● Other tools:

○ liftOver

○ Dusters

○ Tree maker



Search for related genes



Gene Sorter



Configure



Filter



In silico PCR



In silico PCR usage

● Select genome
● Genomic or transcript?
● Enter primers
● Set configuration options



Visigene



Cancer Browser



Encode



Other utilities
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