
 
March 30 – April 1, 2015 
Alfred D. Hershey Building, Cold Spring Harbor Laboratory 
 
Schedule 
Day 1 (Monday) 
7:00 pm – 9:30 pm:  Course Introduction, Genome Sequencing and Assembly 

• Course Introduction (King) (7:00-7:30)  
• Genome Sequencing and Assembly (Dr. Michael Schatz, CSHL) (7:30-9:30) 
• Social Hour (Blackford Hall) (9:30-10:30) 

Day 2 (Tuesday) 
9:00 – 12:30: Basic Browser and Database 
Resources 
 

• Sequence, Gene, & Protein Resources 
(Ward) (9:00-10:00) 

 
• Break (10:00-10:15) 

 
• UCSC Genome Browser (Gordon) (10:15-

11:30) 
 

• Ensembl (Howell) (11:30-12:30) 
 
12:30 - 1:30 - Lunch 
 
1:30 – 6:00: Advanced and Comparative 
Analyses 
 

• Comparative Genome Analysis (Ward) 
(1:30-2:30) 
 

• Functional Genomic Elements and 
ENCODE (King) (2:30-3:15) 
 

• Break (3:15-3:30) 
 

• Sequence Polymorphisms (Howell) (3:30-
4:15) 

 
• Overview of Next Generation Sequence 

Data Analysis (King) (4:15-5:15) 
 

• Workshop (5:15-6:00) 
 
6:00 – 8:00: Cocktail Reception and Dinner 
in Clarkson Dining Room (Blackford Hall)  
 
8:00 - 9:00: Research Seminar 
Transposon Expression in Somatic Tissues  
(Dr. Molly Hammell, CSHL)  

Day 3 (Wednesday) 
9:00 - 12:15: Focus on Next Generation 
DNA sequencing 
 

• RNA-Seq Analysis (King) (9:00-10:00) 
 

• Break (10:00-10:15)  
 

• Sequence Analysis Using Galaxy 
(Gordon) (10:15-12:15) 

 
12:15 - 1:15 - Lunch 
 
1:15 - 5:00: Focus on RNAseq and 
Pathways 
 

• RNA-Seq Analysis Using R (King)  
(1:15-2:30) 

 
• Gene Set Enrichment and Pathway 

Analysis (Howell) (2:30-3:30) 
 

• Break (3:30-3:45) 
 

• Workshop (3:45-4:45) 
 

• Course Summary (4:45-5:00) 
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Cold Spring Harbor Laboratory 
The Genome Access Course 

Ben King      Mount Desert Island Biological Laboratory  
Gareth Howell       Jackson Laboratory 
Assaf Gordon      New York Genome Center 
Charla Lambert     Cold Spring Harbor Laboratory 
Jeremy Ward         Middlebury College 
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The $1000 Genome Is Revolutionizing How We 
Study Biology and Practice Medicine 

$2.7B Over Decade $1000 in ~3 Days 
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Genomes, Genomes and More Genomes 

Yellow fever and dengue fever 
mosquito vector 

H5N1 Flu strains from 
around the world 
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April 2015 

Human Genome Sequencing 
•  Reference human genome assembly 

•  Individual genomes 
–  J. Craig Venter 
–  Jim Watson 
–  … many others 

•  Your genome for $9,500 
–  Illumina’s Personal Genome Service

 (http://www.everygenome.com) 

100,000 Genomes Project 
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Biology Increasingly Data Intensive 

Existing Knowledge 

Need to leverage existing knowledge 
to advance your own research 

The Genome Access Course 

April 2015 

Analysis Techniques Becoming More Transparent 
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Analysis of Genomic Data  
Not Only Critical, But Fun 
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Wolbachia – endosymbionts found in fly embryos �

95% (1,440,650 base pairs) for one of the new species  

The Genome Access Course 

April 2015 

The Genome  
Access Course 

Open Door 
Workshops 

David Bentley James Watson 
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The Genome Access Course 
Aims: 
•  What information is available 
•  How to access it 
•  What analysis tools are available 

Leave with knowledge of how to begin to apply  
these tools to your own research.  

Statistical Methods for Functional Genomics (June 18-July 1, 2014) 
Computational Cell Biology (July 22-Aug. 11, 2014) 
Programming for Biology (Oct. 13-28, 2014) 
Advanced Sequencing Technologies & Applications (Nov. 11-23, 2014) 
Computational and Comparative Genomics (Nov. 5-18, 2014) 
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Advancing Knowledge of  
Bioinformatics Tools and Resources 

Desktop & Web Based Tools and 
Resources 

(e.g., Ensembl, modENCODE) 

R Statistical Computing 
Environment 

(Biocondutor packages) 

Linux Command-line Analysis on 
Large Computing Systems 

(shell scripting for automation) 

Python or Perl Programming 
to Manipulate Output Files 

The Genome Access Course 

April 2015 
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Course evaluations  

https://courses.cshl.edu/  

Course Website 

Available after course – useful URLs and lecture slides 
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http://meetings.cshl.edu/courses/2015/c-cbw15_nygc.shtml  
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http://meetings.cshl.edu/courses/2015/c-data15.shtml  

Programming environment: R, Bioconductor 

Topics: Experimental design, quality control, normalization, statistical 
inference, correlation, multivariate statistics, multiple comparisons, false 

discovery rates, overrepresentation, reproducibility  

The Genome Access Course 

April 2015 

http://meetings.cshl.edu/courses/2015/c-info15.shtml  

Programming environment: Perl, Bioperl 

Topics: Introductory coding, biological libraries, analysis pipelines, data 
acquisition, validation, integration, analysis, and visualization 
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http://meetings.cshl.edu/courses/2015/c-ecg15.shtml  

Programming environment: None 

Topics: Sequence alignment, regulatory element and motif identification, 
analysis of next-generation sequencing data, metagenomics 

The Genome Access Course 

April 2015 

http://meetings.cshl.edu/courses/2015/c-seqtec15.shtml  

Programming environment: UNIX 

Topics: SNP calls, structural variant detection, read alignments, comparative 
assembly, de novo assembly, cloud computing, Galaxy 
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ACCTTCACTTGAGCTAGGAAGGGCGCATTACCTTACTGGAGGTAAAGTAAGTTTGGCCTCTGTTG
TCATGTGAGTCGTATCTAGAAACGCAGCAAGGGTGTGGGAATATCTTAACACAGGGTCTCATTGG
AGCCCGTAGTTCACAGAAACCTCAGGCGGTCGGCATTACGGCTGTGACATTTGAGGTGAAGGTGT
CAGCATATATCCACCCCCCACCCCAAACCCCTGGCTACTAAAGTAACATTGGTTTGTTTTTTGAG
ACAGGATCTTGGTGTGTAGTTGAGGCTGGCCTCAAAGCCTAGGGTGGCCTGGGACAAAGTCAGCC
TTCTGAGTGTTGGGATTAGAGGTGCGGGATATCAGTCACAGTGCCAAGGAAACCCTTAGTACTAA
GCACATGTGTATGCCGAGTCTCCTTTTCCTTGGTATATGATTGATACTCCCACTATCAAATACTG
TATGACCTGTTGGAGCTTGTACTGGCTGGTTTTGTGTGTCAACTTGACACAGGCTGGGGTTATCA
CAGAGAAAGGAGCTTCAGTTGGGGAAGTGCCACCATGACATCCAGCTGTGGGGTATTTTCTCAAT
TACTGATCAAGGGGGAAAGGACCCTTGTGGGCTGGACCATCTTTGGGCTGGTAGTCTTGGGTTCT
ATAAGAGAGGAGGCTGAGCAATAAAACCAGTAAAGAACATCCCTCCATGGCCTCTGCATCAGCTC
CTGCTTCCTGACCTGCCTGAGTTCCAGTCCTGACATCCTTTGGTGACTGACAGCAATGTGAAAAG
TGTAAGCCGAATAAACCCTTTTCTCCCCAACTTGCTTCTTGGTTATGTTTGTGCAGGAATAGAAA
CCCTGACTAAGACAGAGCTGTTGCTTTTTATAGTGAACACTTGAAAAATAACTCAGTCTAGAGAA
TTTGTTGGAAATGTTTACAATCAAACTGTAGCAACATTGATAGATGTATTGTTTAACTGAATATA
TAAACAGGCATTTTTAATGTAGAATTTTCAAGCTTCATAATAGATAAATTAGCCTCATCTAATTT
TATTAGGCAGCTATTCTTTTAAAATTAAGGCAGTTTGGGTAAGGGATATGAGACGTCAAGATGTA
TAAAATAACCCAAAGATTATCACTTAAGATTTTTACTGAAAAGATGCTGCAGGTATGTGCAGTCT
CATGTTTGCCAAGTATGAGGTGCACTAGTCCCAACTGTCCTGAAATTCACTGTAGAATGGCCTGA
CCATGAGCTTTAAGAAGGTCTGTGTGTTTCTGCCTCCCAAGTACTGTGCAAGACTTGCATCAGCA
TTCCTGGTCTTAGTAGAATGCTGTGTGTTTTGGTGTTGGAACATGGCCCCAAAGGGCAGATTTAA
TTTCTGTTTCTTTGTACTATGTGATGTTTCTAAACATT!

Sequence, Gene, and Protein 
Resources 

The Genome Access Course 

April 2015 

Overview 

•  Accessing gene/protein information 
– NCBI Entrez system 
– UniProt 
– Gene Ontology 

•  RNA-Seq data repositories 
– NCBI Gene Expression Omnibus and EBI

 ArrayExpress 
– NCBI Short Read Archive and EBI European

 Nucleotide Archive 
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There are three major nucleotide databases: DDBJ 
(Japan), EMBL (Europe), and GenBank (USA) 

DNA  

RNA 

Protein  

Function 

Any species (known or unknown) 
Any type 

•  Genomic - entire genes, entire 
chromosomes, fragments, 
BACs, constructs 

•  cDNA - full-length, partial, 
Expressed Sequence Tags 
(ESTs) 

•  Other  -  tRNA, … 

Any quality 
•  Draft vs. finished genomic 

sequences (e.g., BACs) 
•  ESTs vs. high quality cDNAs 

(e.g., mammalian gene 
collection) 

•  Highly Redundant 

The Genome Access Course 

April 2015 

Information is mirrored daily between 
DDBJ,  GenBank and EMBL. !



3 

The Genome Access Course 

April 2015 

RNA-seq data repositories 
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April 2015 

Easiest Initial Way to Obtain Information 

•  NCBI Entrez 
–  GenBank 
–  PubMed 
–  RefSeq 
–  UniProt 
–  Other Resources 

•  Genome browser (e.g., Ensembl or UCSC ) 
•  Query by chromosomal coordinates or gene name 

Extensive links to other 
resources and also pre-
computed BLAST searches 

Then head to secondary and organism specific 
databases 
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ACCTTCACTTGAGCTAGGAAGGGCGCATTACCTTACTGGAGGTAAAGTAAGTTTGGCCTCTGTTG
TCATGTGAGTCGTATCTAGAAACGCAGCAAGGGTGTGGGAATATCTTAACACAGGGTCTCATTGG
AGCCCGTAGTTCACAGAAACCTCAGGCGGTCGGCATTACGGCTGTGACATTTGAGGTGAAGGTGT
CAGCATATATCCACCCCCCACCCCAAACCCCTGGCTACTAAAGTAACATTGGTTTGTTTTTTGAG
ACAGGATCTTGGTGTGTAGTTGAGGCTGGCCTCAAAGCCTAGGGTGGCCTGGGACAAAGTCAGCC
TTCTGAGTGTTGGGATTAGAGGTGCGGGATATCAGTCACAGTGCCAAGGAAACCCTTAGTACTAA
GCACATGTGTATGCCGAGTCTCCTTTTCCTTGGTATATGATTGATACTCCCACTATCAAATACTG
TATGACCTGTTGGAGCTTGTACTGGCTGGTTTTGTGTGTCAACTTGACACAGGCTGGGGTTATCA
CAGAGAAAGGAGCTTCAGTTGGGGAAGTGCCACCATGACATCCAGCTGTGGGGTATTTTCTCAAT
TACTGATCAAGGGGGAAAGGACCCTTGTGGGCTGGACCATCTTTGGGCTGGTAGTCTTGGGTTCT
ATAAGAGAGGAGGCTGAGCAATAAAACCAGTAAAGAACATCCCTCCATGGCCTCTGCATCAGCTC
CTGCTTCCTGACCTGCCTGAGTTCCAGTCCTGACATCCTTTGGTGACTGACAGCAATGTGAAAAG
TGTAAGCCGAATAAACCCTTTTCTCCCCAACTTGCTTCTTGGTTATGTTTGTGCAGGAATAGAAA
CCCTGACTAAGACAGAGCTGTTGCTTTTTATAGTGAACACTTGAAAAATAACTCAGTCTAGAGAA
TTTGTTGGAAATGTTTACAATCAAACTGTAGCAACATTGATAGATGTATTGTTTAACTGAATATA
TAAACAGGCATTTTTAATGTAGAATTTTCAAGCTTCATAATAGATAAATTAGCCTCATCTAATTT
TATTAGGCAGCTATTCTTTTAAAATTAAGGCAGTTTGGGTAAGGGATATGAGACGTCAAGATGTA
TAAAATAACCCAAAGATTATCACTTAAGATTTTTACTGAAAAGATGCTGCAGGTATGTGCAGTCT
CATGTTTGCCAAGTATGAGGTGCACTAGTCCCAACTGTCCTGAAATTCACTGTAGAATGGCCTGA
CCATGAGCTTTAAGAAGGTCTGTGTGTTTCTGCCTCCCAAGTACTGTGCAAGACTTGCATCAGCA
TTCCTGGTCTTAGTAGAATGCTGTGTGTTTTGGTGTTGGAACATGGCCCCAAAGGGCAGATTTAA
TTTCTGTTTCTTTGTACTATGTGATGTTTCTAAACATT!

The Basics: Gene
 Information 
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GenBank, a historical repository, has doubled in size
 roughly every 18 months since 1982 

8 

•  GenBank version 200 (Feb., 2014) 
–  171 million sequences (139 million WGS) 
–  158 billion NTs (591 billion NTs WGS) 

Bases Sequences 
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GenBank contains author and bulk submissions organized
 into 11 taxonomic divisions and 8 functional divisions 

9 

Author submitted 

Bulk submitted 
1. EST 
2. GSS 
3. WGS 
4. HTG 

US Patent Office 

Taxonomic 
SYN 
PHG 
ENV 
VRL 
BCT 
PLN 
MAM 
VRT 
PRI 
UNA 
ROD 
INV 

Functional 
TSA 
WGS 
PAT 
GSS 
EST 
HTG 
STS 
HTC 

The Genome Access Course 
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PubMed has more than 22 million citations for 
biomedical literature 

http://www.ncbi.nlm.nih.gov/pubmed 
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The data in GenBank can be accessed via the NCBI Entrez system – a
 search engine that queries the databases NCBI 

11 
http://www.ncbi.nlm.nih.gov/ 

The Genome Access Course 

April 2015 
12 

From the NCBI homepage, many resources can be
 easily accessed 
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The data in GenBank can be accessed via the NCBI Entrez system – a
 search engine that queries the databases at the National Center for

 Biotechnology Information (NCBI) 

14 
http://www.ncbi.nlm.nih.gov/ 

Bax 
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Accession numbers are a string of letters and/or numbers 
that corresponds to a molecular sequence!

Examples (all for beta globin, HBB): 

   X02775         GenBank genomic DNA sequence 
   NG_000007.3         RefSeqGene 
   rs192792910         dbSNP (single nucleotide polymorphism) 

   AA970968.1         An expressed sequence tag  
   NM_000518.4         RefSeq DNA sequence (from a transcript) 

   NP_000509.1         RefSeq protein 
   CAA00182.1         GenBank protein 
   Q14473         SwissProt protein 
   1YE0|B         Protein Data Bank structure record 

DNA  

RNA 

Protein  
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There are several efforts, including the RefSeq project, to 
compile high quality data from the source datasets 

DNA  

RNA 

Protein  

Function 

�The goal of the NCBI RefSeq project is to provide an accurate, non-redundant, and 
comprehensive collection of naturally occurring DNA, RNA, and protein molecules for 
major organisms.� 

The Genome Access Course 

April 2015 

The RefSeq Project uses status codes and has extensive 
additional resources at the NCBI  

RefSeq Status codes 
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Organism Specific Databases 

21 
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Organism Specific Databases 

22 
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Worked examples 1: NCBI gene
 information 
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ACCTTCACTTGAGCTAGGAAGGGCGCATTACCTTACTGGAGGTAAAGTAAGTTTGGCCTCTGTTG
TCATGTGAGTCGTATCTAGAAACGCAGCAAGGGTGTGGGAATATCTTAACACAGGGTCTCATTGG
AGCCCGTAGTTCACAGAAACCTCAGGCGGTCGGCATTACGGCTGTGACATTTGAGGTGAAGGTGT
CAGCATATATCCACCCCCCACCCCAAACCCCTGGCTACTAAAGTAACATTGGTTTGTTTTTTGAG
ACAGGATCTTGGTGTGTAGTTGAGGCTGGCCTCAAAGCCTAGGGTGGCCTGGGACAAAGTCAGCC
TTCTGAGTGTTGGGATTAGAGGTGCGGGATATCAGTCACAGTGCCAAGGAAACCCTTAGTACTAA
GCACATGTGTATGCCGAGTCTCCTTTTCCTTGGTATATGATTGATACTCCCACTATCAAATACTG
TATGACCTGTTGGAGCTTGTACTGGCTGGTTTTGTGTGTCAACTTGACACAGGCTGGGGTTATCA
CAGAGAAAGGAGCTTCAGTTGGGGAAGTGCCACCATGACATCCAGCTGTGGGGTATTTTCTCAAT
TACTGATCAAGGGGGAAAGGACCCTTGTGGGCTGGACCATCTTTGGGCTGGTAGTCTTGGGTTCT
ATAAGAGAGGAGGCTGAGCAATAAAACCAGTAAAGAACATCCCTCCATGGCCTCTGCATCAGCTC
CTGCTTCCTGACCTGCCTGAGTTCCAGTCCTGACATCCTTTGGTGACTGACAGCAATGTGAAAAG
TGTAAGCCGAATAAACCCTTTTCTCCCCAACTTGCTTCTTGGTTATGTTTGTGCAGGAATAGAAA
CCCTGACTAAGACAGAGCTGTTGCTTTTTATAGTGAACACTTGAAAAATAACTCAGTCTAGAGAA
TTTGTTGGAAATGTTTACAATCAAACTGTAGCAACATTGATAGATGTATTGTTTAACTGAATATA
TAAACAGGCATTTTTAATGTAGAATTTTCAAGCTTCATAATAGATAAATTAGCCTCATCTAATTT
TATTAGGCAGCTATTCTTTTAAAATTAAGGCAGTTTGGGTAAGGGATATGAGACGTCAAGATGTA
TAAAATAACCCAAAGATTATCACTTAAGATTTTTACTGAAAAGATGCTGCAGGTATGTGCAGTCT
CATGTTTGCCAAGTATGAGGTGCACTAGTCCCAACTGTCCTGAAATTCACTGTAGAATGGCCTGA
CCATGAGCTTTAAGAAGGTCTGTGTGTTTCTGCCTCCCAAGTACTGTGCAAGACTTGCATCAGCA
TTCCTGGTCTTAGTAGAATGCTGTGTGTTTTGGTGTTGGAACATGGCCCCAAAGGGCAGATTTAA
TTTCTGTTTCTTTGTACTATGTGATGTTTCTAAACATT!

More advanced:
 Gene expression

 - RNA 

24 
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There are three major (and many minor) gene expression 
resources: UniGene, GEO, and BioGPS 

•  Unigene:  UniGene computationally identifies transcripts 
from the same locus; analyzes expression by tissue, age, 
and health status; and reports related proteins (protEST) 
and clone resources. 
http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene * 

•  GEO profiles: stores individual gene expression profiles 
from curated DataSets in the Gene Expression Omnibus 
(GEO) repository. Search for specific profiles of interest 
based on gene annotation or pre-computed profile 
characteristics. 
http://www.ncbi.nlm.nih.gov/geo/ 

•  BioGPS: a free extensible and customizable gene 
annotation portal, a complete resource for learning about 
gene and protein function. 
http://biogps.gnf.org/ 

DNA  

RNA 

Protein  

Function 

The Genome Access Course 

April 2015 
26 

BioGPS is a very useful stop to ask questions about 
where a gene is expressed and it is now customizable 
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UniProt combines the UniProtKB, UniRef, and UniParc 
databases in a comprehensive resource 

UniProtKB = SWISS-PROT (manually annotated)+ 
TrEMBL (automatically annotated and NOT 
reviewed) 

UniRef = sequence clusters 

UniParc = Sequence archive 

http://www.uniprot.org  

>sp|P31273|HXC8_HUMAN Homeobox protein Hox-C8 (Hox-3A) - Homo 
sapiens (Human). 
MSSYFVNPLFSKYKAGESLEPAYYDCRFPQSVGRSHALVYGPGGSAPGFQHASHHVQDFF 
HHGTSGISNSGYQQNPCSLSCHGDASKFYGYEALPRQSLYGAQQEASVVQYPDCKSSANT 
NSSEGQGHLNQNSSPSLMFPWMRPHAPGRRSGRQTYSRYQTLELEKEFLFNPYLTRKRRI 
EVSHALGLTERQVKIWFQNRRMKWKKENNKDKLPGARDEEKVEEEGNEEEEKEEEEKEEN 
KD 

DNA  

RNA 

Protein  

Function 

The Genome Access Course 
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PDB 

28 
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The ExPasy Portal provides databases and software tools for proteomics, 
genomics, phylogeny, systems biology, population genetics, and 

transcriptomics   

DNA  

RNA 

Protein  

Function http://www.expasy.org/ 
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Worked examples 2: Gene
 Expression 





1. NCBI
 home page:
 drop down
 menu and
 highlight
 �Gene�.!

Type in
 �BAX� and
 �Go�.!

2. BAX in different
 species, choose
 human!

1!

A. WE1!

NCBI: EntrezGene - Find all functional information for human BAX
 (or your gene of interest)!



Entrez gene entry for Human BAX Gene - scroll down to find a wealth of information!

2!



Gene
 expression!

Links to other Entrez databases and other ancillary databases!

3!

Protein
 function!

Visit OMIM!



Summary of information for human BAX gene!
 - includes any relevant disease association!

- check for �last update� at the bottom!

4!



Click back to EntrezGene entry for BAX!
Click �homologene�!

List of all �catalogued� orthologues at
 NCBI. Click ID 7242!

View functional
 information for mouse
 Bax. Go back to
 Homologene and click
 �M. musculus Bax.!

5!

Entrez Gene for Mouse
 Bax. Scroll to find �Links
 to external resources� and
 click on MGI!



Information for Bax in
 Organism Specific Databases,
 e.g Mouse Genome
 Informatics (MGI). !

To view disease relevant
 information, click �all
 phenotypic alleles�.!

All strains of mouse
 with mutations in Bax. !

Click on strain name to
 reveal phenotypic
 information for
 individual strains.!

6!



7!

Click back to Homologene, !
Choose Danio rerio �bax�!

Organism specific database is �Zfin�!

Click on arrow:!
Decrease apoptosis - not
 surprising for a
 proapoptotic gene!!

Explore ZFIN to find out more about the BAX gene!



Click back to EntrezGene entry for human BAX and scroll down
 to view Gene Ontology terms!

Three different classifications for Gene Ontology:!
Molecular function: Activities, such as catalytic or binding activities, that occur at
 the molecular level. !
Biological process: A series of events accomplished by one or more ordered
 assemblies of molecular functions. !
Cellular component: A component of a cell, but with the proviso that it is part of
 some larger object; this may be an anatomical structure (e.g. rough endoplasmic
 reticulum or nucleus) or a gene product group (e.g. ribosome, proteasome or a
 protein dimer). !
See http://www.geneontology.org/GO.doc.shtml for more details.!

Click on �BH3 domain binding� to view associated GO information. !
8!



9!

View other genes with this domain!



Click gene name!

Protein similarity
 info for BAX!

Gene expression
 information. Click
 on �Expression
 Profile�!

Tissue expression
 patterns for the
 human BAX gene.!

Key:!

Gene expression: Click back to human BAX entry in Entrez Gene and
 link to �Unigene�!

10!



11!

B. WE2!

Search Array
 express for
 “p53 RNA
-seq”!

Select
 Transcriptome and
 Ribosome
 profiling !
(E-GEOD-45785)!

Information
 on the study
 including
 files to
 download.!



12!

Search GEO
 for “p53
 RNA-seq”!

Select

Transcriptome
 and
 Ribosome
 profiling!
GSE45785!

Similar
 information
 on the study
 including
 files to
 download.!



13!

Search ENA
 for “p53
 RNA-seq”!

Select ‘study’
 and then

Transcriptome
 and
 Ribosome
 profiling!
SRP020544!

To export files
 to Galaxy
 click the
 appropriate
 files.!



Click �Geo profiles� from Entrez Gene page!

Click GDS961 entry! Click graphic!

14!



BioGPS: http://biogps.gnf.org !

Search for BAX!

15!

Search results!

Gene info!
Microarray expression
 information!



View BAX protein structure info in PDB!
http://www.rcsb.org/pdb/home/home.do!

Search for human BAX in PDB.!
Safest way is to do a sequence search.
 Paste sequence from human BAX
 protein!

16!

Summary of results!

Top hit : Structure 1F16!



View in Jmol!

17!





!
!
!
!

 
The Genome Access Course 

 
 
 
 
 

UCSC Genome Browser!
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Ensembl 

Ensembl is a joint project begun in 1999 between EMBL-EBI and the 
Sanger Centre to develop a software system which produces and 

maintains automatic annotation (genes and other features) on selected 
genomes  
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EnsemblGenomes 

Ensembl Vetebrates is the default Ensembl view 
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Ensembl is organized by organism genome: the primary
 website features eukaryotic genomes 

The Genome Access Course 

April 2015 

Ensembl has two other sites: Pre!Ensembl (in
-process genomes) and EnsemblGenomes (extends

 Ensembl across taxa) 

Pre! 

Genomes 
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Each Ensembl genome features genome browsing,
 sequence comparison, and bulk querying via BioMart 

The Genome Access Course 

April 2015 

Keyword 

Genomic 
Region 

Transcripts 

Homology 

Proteins 

Orthology 
GeneTree 
… 

Position 

Querying Ensembl from different perspectives returns
 related data sets 

Gene 
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1. Select species 

2. Select gene 

3. View Transcript 

4. Click tabs to access the data 

For most queries, there are four steps to get access a large
 amount of information in Ensembl  

The Genome Access Course 

April 2015 

Selecting the many options will lead to expanded
 directories of information 
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Ensembl uses stable identifiers for genes, transcripts,
 proteins, exons, and regulatory features 

Human: 
• ENSG###########    Gene ID 
• ENST###########     Transcript ID 
• ENSP###########     Protein ID 
• ENSE###########     Exon ID 
• ENSR###########     Regulatory Feature ID 

Other species contain an affix derived from their Latin name: 
• ENSMUSG###########      A mouse gene (Mus) 
• ENSDART###########      A zebrafish transcript (Danio rerio) 

The Genome Access Course 

April 2015 

Ensembl uses a tiered GeneBuild system: automated and
 manual (Vega/Havana) curation merged when identical 

Havana/manual 

automated 



7 

The Genome Access Course 

April 2015 

The Ensembl tiered GeneBuild system will also display all
 known splice variants 
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Worked example 

Browsing Ensembl 
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Data retrieval with Biomart 

�Biomart� allows you to export a lot of data in one go
 in an organized fashion. 

Three (easy) steps: 

1.  Choose dataset (human, mouse etc): DATASET 

2.  Choose bits of data you need (genes, regions of
 genome, GO term, etc: FILTER 

3.  Choose annotations and format to retrieve:
 ATRIBUTES 

The Genome Access Course 

April 2015 

Worked example #2 

Downloading data using Ensembl 



Worked'example'#1'Browsing'Ensembl!

Choose!human!

Search!‘BAX’!

Click!BAX!(Human!
Gene)!



Three!of!the!four!tabs!are!available!

Select!a!transcript!to!open!up!the!fourth!tab.!Most!
confidently!annotated!transcripts!have!a!‘CCDS’!ID.!

Transcript!info!



In!this!module!we!will!focus!on!viewing!the!gene!in!the!context!of!the!
genome.!Future!models!will!focus!on!other!aspects!of!Ensembl.!
!
To!view!BAX!on!the!genome!–!select!the!‘locaMon’!tab!

Ch
ro
m
os
om

e!
Re

gi
on

!in
!d
et
ai
l!

Ge
ne

!in
!d
et
ai
l!

For!descripMon!
of!‘region!in!
detail’!–!click!
the!‘i’!buOon!



To!configure!the!locaMon!page!–!click!‘configure!this!page’!on!the!leP!
hand!side.!

Again!–!a!vast!amount!of!data!that!can!be!viewed.!Click!on!a!couple!
of!tracks!to!explore!what!the!underlying!informaMon!is.!
!
When!you!have!selected!addiMonal!tracks!–!hit!the!‘check’!mark!at!
the!top!right!hand!corner.!



Worked'example'#2'Data'download'using'Biomart'
'
1.  IdenMfy!all!genes!in!a!region!known!to!be!linked!to!a!disease.!
e.g.!Chr1:!50!Mb!–!60!Mb.!

1.!Choose!database'
and!dataset'

2.!Filter:'(region!
of!interest)!

Press!count!to!determine!how!
many!genes!in!the!region!



3.!A>ributes:'AnnotaMons!of!interest!Click!aOributes!on!the!leP!
hand!side!menu.!

Under!the!‘Gene’!category,!select!Ensembl!Gene!Id,!Chromosome!
name!and!associated!gene!name!

Under!the!External!category!(sub!category!external!refs),!select!
EntrezGene!ID!and!HGNC!symbol!



Make!sure!the!menu!on!the!leP!hand!side!has!all!that!you!expect!
and!then!press!‘results’.!

Select!format!(XLS)!and!press!‘Go’!

Open!up!file!in!Excel!
!
There!is!a!lot!more!you!
can!do!with!Biomart.!!
!
As!a!general!rule:'if'you'
can'view'data'in'
Ensembl'–'it'can'be'
exported!'





!
!
!
!

 
The Genome Access Course 

 
 
 
 
 

Comparative Genome Analysis 
!
!
!
!
!
!
!
!
!
!
!
!

!



!



3/26/15 

1 

The Genome Access Course 

April 2015 

The Genome Access Course 

April 2015 

Selected elements across taxa are informative for: 
• Gene identification in novel genomes 
• Genome organization studies  
• Homology, paralogy, and orthology 
• Functional element identification (coding and non-coding; 
within and among species)* 
• Species specific characteristics* 
• Comparative epigenomics 
• Molecular evolution studies 
• And others… 
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Human Health Autism 10K 
Human Gut Microbiome project 
1000 Genomes Project 
Intl. Cancer Genome Project 
ENCODE 
29 Mammals 
1000 Plants and Animals 
Genome 10K 
10K Microbial Genomes Project 
Earth Microbiome Project 

Evolution/Phylogeny 

Agriculture 

The Genome Access Course 

April 2015 

Functional annotation of 
conserved elements 

Explicit difference 
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Important function can be revealed by both similarity and difference 

The Genome Access Course 

April 2015 

Speciation 

Orthologues 

Time 

Paralogues 

Duplication 

Functional 
Orthologues (?) 

Original  
function 
maintained 

Gene 1 

Novel 
function 

Original  
function 
maintained 

Paralogues 

Gene 2 Gene 3 

Gene (or any locus) 

Homologs - Genes derived 
from common ancestral gene 

Orthologs – Genes in 
different species that are 
derived from the same gene 
in last common ancestor 

Paralogs – Gene families that 
have diverged within a single 
species, often by duplication 
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Human vs. Chimpanzee Mouse Opossum Pufferfish 

Size (Gbp) 3.0 2.5 4.2 0.4 

Time since divergence ~6 MYA ~ 90 MYA ~150 MYA ~450 MYA 

Sequence 
conservation (in 
coding regions) 

>99% ~80% ~70-75% ~65% 

Aids identification of… 

Recently 
changed 

sequences and 
genomic 

rearrangements 

Both coding 
and non-
coding 

sequences 

Both coding 
and non-
coding 

sequences 

Primarily 
coding 

sequences 

Background noise High Moderate     Low      Lower 

The Genome Access Course 

April 2015 
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Important function can be revealed by both similarity and difference 
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A.#Obtain#sequences#from#all#species#to#compare#
Genome#browsers,#Uniprot,##PCR#amplify#and#sequence#etc.#
B.#Align#all#sequences#
MUSCLE,#ClustalW,#DIALIGN,#TICoffee,#etc.#

C.#Use#different#methods#to#reconstruct#the#evoluMonary##
history#of#the#sequences#
PAUP#(Parsimony),#Likelihood#(Garli),#Bayesian#(Mr.#Bayes),##
Distance#(NeighborIjoining)#
**#NOTE:#each#of#these#methods#have#pros#and#cons#and#it#is#oTen#
necessary#to#try#several.###

The Genome Access Course 

April 2015 
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Conserved sequence can also be identified in non-coding regions as well 

Layering subsequent 
genome annotations 
will increase the 
resolution 
• ESTs 
• ChIP Seq data 
• cDNA 
• Etc… 

The Genome Access Course 

April 2015 
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A.   Iden'fy*orthologues*of*human*BAX*gene**in*Ensembl!

1!

Human!BAX!gene!!

View!Gene!tree!(image)!

WE1!



2!

Human!BAX!gene!!

View!Orthologues!

Select!species!set!!

Download!what!
you!see!or!whole!
table!

WE1!
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B.*Download*orthologues*for*a*list*of*genes!

Select!region!to!filter:!
Chr1!
50000000J60000000!
(can!also!be!a!list!of!
genes)!

Select!Homologs*
from!aMributes!menu!

Choose!aMributes:!
For!human!genes!

Choose!orthologues!
to!download!(e.g.!C.!
elegans!and!mouse).!

WE2!
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Export!results:!
Unique!results!in!XLS!
file!!

Excel!file!showing!all!known!
orthologues!in!worm!and!mouse,!
confidence!of!predicWon!and!%!ID!

WE1!
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C.*Mul'ple*sequence*alignment*and*phyologene'c*trees!

Search!BAX!gene!in!
Uniprot.!!

Select!BAX!in!a!
variety!of!different!
organisms!!and!!

Download!selecWons!
in!FASTA!

WE2!
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FASTA!file!for!
protein!
sequences!for!
selected!
organisms.!

Copy!the!results!
to!paste!into!
CLUSTALW!

Paste!into!
ClustalW!at!EBI,!
scroll!down!and!
hit!Submit*

WE2!
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Results!page:!
Show*colors*

Send!to!
ClustalW2_Phylogeny*

AutomaWcally!enters!
the!alignment!into!
phylogeny!

Clustering!method:!
NeighbourDjoining*

Submit*

WE2!
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PhylogeneWc!
tree!(generic!
format)*

Cladogram!
(unit!spacing)*

Real!
(distance)*

WE2!
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D.*View*conserved*sequences*in*UCSC*Genome*Browser*
(The*“conservome”)!

Click!to!reset!tracks!and!
search!for!“MITF”!

Scroll!down!to!
ComparaWve!Genomics!
track!and!!click!
“ConservaWon”!

WE3!
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Select!“full”!for!
conserved!elements!and!
push!“submit”.!

Conserved!regions!of!
the!human!genome!
(based!on!analysis!of!
mulWple!species)!

WE3!
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Navigate!to!view!the!conserved!elements!at!the!5’!
end!the!MITF!gene.!

Click!to!view!sequence.!

WE3!
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E.*Layer*on*transcrip'on*factor*binding*sites*using*ECR*Browser*

Search!for!“MITF”!in!ECR!
browser!

WE3!
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Similar!set!up!to!UCSC!
genome!browser.!
Navigate!to!view!5’!end!
of!MITF!gene.!(Slide!
window!or!use!
navigaWon!buMons.)!

Pink!bars!represent!
conserved!elements!
between!base!
organisms!(in!this!case!
human)!and!second!
organism.!

View!conserved!element!
by!clicking!on!it.!

WE3!
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View!transcripWon!
factor!binding!sites!
(TFBS)!

Submit!vertebrate!TFBS!
and!select!all!site!(scroll!
to!boMom)!

Alignment!between!
human!and!opposum!
(Mondom)!

WE3!
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Check!result!
View!“dynamic!
visualizaWon!

Change!“bases!per!
layer”!to!1!kb!and!
submit!

List!clustered!TFBS!

WE3!




