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Mapping and Sequencing of the Human Genome 



Ordering by mapping data 
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Genome Sequence Assembly 



1560 base pairs out of ~3,200,000,000 … 



Annotation of Exons, Transcripts and Genes 



Annotation of Genetic Variation 



Annotated Maps of genomes are 
essential for our understanding … 

But, how to build them? 



Havana Manual Annotation Tool – ZMap 



Havana Manual Annotation Tool – Blixem 



Is there a Problem? Well, the Growth Rate … 

http://www.ebi.ac.uk/ena/about/statistics 



Ensembl Project – Aims 

•  Funded to provide metazoan genomes to the world 
•  Aims to provide automated genome annotation system 
•  Integrate with other resources of biological information 
•  Graphical representation of complex data sets 
•  Large-scale data export tools 
•  Openness - all software, data and results freely available 



Ensembl Project – Background 

•  Started in 1999 by Michele Clamp and Ewan Birney 
•  Joint project between 

•  European Bioinformatics Institute (EBI) 
•  Wellcome Trust Sanger Institute (WTSI) 

•  Group of ca 45 people led by 
Paul Flicek (EBI) and Steve Searle (WTSI) 

•  Ensembl strategy committee: Ewan Birney (EBI), 
Tim Hubbard (WTSI) and Richard Durbin (WTSI) 

•  Mainly Wellcome Trust funded 
•  Additional EMBL, EU, BBSRC and 

NIH-NIAID funding 



The Ensembl System – Overview 

1.  Scalable database system for storing genomic data and 
annotation  

2.  Automatic annotation method based on a rule set of 
heuristics 
Ensembl Genome Analysis and Annotation Pipeline 

3.  Public web interface for genome annotation display 
Ensembl Genome Browser 
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Ensembl Uses Computational Algorithms – Exonerate 
Query: SMAD2_HUMAN Q15796 Mothers against decapentaplegic homolog 2 (SMAD 2). 
Target: AC120349 AC120349.5 Homo sapiens chromosome 18, clone RP11-380M21, complete sequence. 

      1 : MetSerSerIleLeuProPheThrProProValValLysArgLeuLeuGlyTrpLysL :     20 
          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
          MetSerSerIleLeuProPheThrProProValValLysArgLeuLeuGlyTrpLysL 
  62055 : ATGTCGTCCATCTTGCCATTCACGCCGCCAGTTGTGAAGAGACTGCTGGGATGGAAGA :  62112 

     21 : ysSerAlaGlyGlySerGlyGlyAlaGlyGlyGlyGluGlnAsnGlyGlnGluGluLy :     39 
          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
          ysSerAlaGlyGlySerGlyGlyAlaGlyGlyGlyGluGlnAsnGlyGlnGluGluLy 
  62113 : AGTCAGCTGGTGGGTCTGGAGGAGCAGGCGGAGGAGAGCAGAATGGGCAGGAAGAAAA :  62169 

     40 : sTrpCysGluLysAlaValLysSerLeuValLysLysLeuLysLysThrGlyArgLeu :     58 
          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
          sTrpCysGluLysAlaValLysSerLeuValLysLysLeuLysLysThrGlyArgLeu 
  62170 : GTGGTGTGAGAAAGCAGTGAAAAGTCTGGTGAAGAAGCTAAAGAAAACAGGACGATTA :  62226 

     59 : AspGluLeuGluLysAlaIleThrThrGlnAsnCysAsnThrLysCysValThrIleP :     78 
          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
          AspGluLeuGluLysAlaIleThrThrGlnAsnCysAsnThrLysCysValThrIleP 
  62227 : GATGAGCTTGAGAAAGCCATCACCACTCAAAACTGTAATACTAAATGTGTTACCATAC :  62286 

     79 : ro{Se}  >>>> Target Intron 1 >>>>  {r}ThrCysSerGluIleTrpGl :     86 
          ||{||}++         25956 bp        ++{|}|||||||||||||||||||| 
          ro{Se}                             {r}ThrCysSerGluIleTrpGl 
  62287 : CA{AG}gt.........................ag{C}ACTTGCTCTGAAATTTGGGG :  88266 

     87 : yLeuSerThrProAsnThrIleAspGlnTrpAspThrThrGlyLeuTyrSerPheSer :    105 
          |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
          yLeuSerThrProAsnThrIleAspGlnTrpAspThrThrGlyLeuTyrSerPheSer 
  88267 : ACTGAGTACACCAAATACGATAGATCAGTGGGATACAACAGGCCTTTACAGCTTCTCT :  88323 

    106 : GluGlnThr{Ar}  >>>> Target Intron 2 >>>>  {g}SerLeuAspGlyA :    114 
          |||||||||{||}++         1038 bp         ++{|}||||||||||||| 
          GluGlnThr{Ar}                             {g}SerLeuAspGlyA 
  88324 : GAACAAACC{AG}gt.........................ag{G}TCTCTTGATGGTC :  89388 

   79 : ro{Se}  >>>> Target Intron 1 >>>>  {r}ThrCysSerGluIle 
        ||{||}++         25956 bp        ++{|}||||||||||||||| 
        ro{Se}                             {r}ThrCysSerGluIle 
62287 : CA{AG}gt.........................ag{C}ACTTGCTCTGAAATT 



Biological Evidence 

 All Ensembl gene predictions are strictly based on 
experimental evidence 
•  UniProtKB/Swiss-Prot 

A manually curated database and therefore of highest accuracy 
•  NCBI RefSeq 

A partially manually curated database 
•  UniProtKB/TrEMBL 

Automatically annotated translations of ENA coding sequence (CDS) 
features 

•  European Nucleotide Archive (ENA) 
Comprehensive set of nucleotide sequences owned by original 

submitters 
International Nucleotide Sequence Database Collaboration (INSDC) 

ENA (EBI, UK), GenBank (NCBI, USA) and DDBJ (NIG, Japan) 



Ensembl-Havana Merged Gene Set 

•  Automatically annotated Ensembl transcript sets for 
human, mouse, zebrafish and pig are merged into manually 
curated Havana transcript sets. 

•  Exon boundary and coding sequence (CDS) have to overlap 
•  GENCODE gene set for human 

http://www.gencodegenes.org/ 
•  Comparison provided colour-coded: 

•  Ensembl-Havana merged:  gold 
•  Ensembl or Havana only:  red 
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Merge Criteria – Coding versus Coding 



New Developments – RNA-Seq-based Annotation 

http://en.wikipedia.org/wiki/File:RNA-Seq-alignment.png 



RNA-Seq Technology 

•  Whole Transcriptome Shotgun Sequencing (WTSS) 
•  High-throughput, deep sequencing of cDNA libraries 

•  Challenges: 
•  Tens of millions of short reads, ideally ~100 bp, paired ends 
•  Hundreds of Gigabyte to few Terabyte of data 

•  Options for Ensembl: 
•  Build a complete gene set from scratch 
•  Add novel models into an existing gene set 
•  Improve existing gene sets by extending transcript models 





Danio rerio abcd1 – RNA-Seq Transcripts 



Danio rerio abcd1 – RNA-Seq UTR Extension 



Danio rerio abcd1 – RNA-Seq Read Alignments 



Homo sapiens SMAD2 – Illumina® Body Map 2.0 



Homo sapiens MLL – Illumina® Body Map 2.0 



We have built and continually improve 
static genome maps … 

Is there more to it? 



Service Updates – A Dynamic Map 

http://www.tfl.gov.uk/tfl/livetravelnews/realtime/tube/default.html 



Epigenetics 

•  Epigenetics signifies stable and heritable changes in gene 
expression without changes in the genetic code. 

•  Molecular mechanisms 
•  DNA methylation 

•  In vertebrates typically occurs at CpG sites 
•  Conversion of cytosine to 5-methylcytosine 
•  DNA (cytosine-5-)-methyltransferases (DNMT) 

•  Histone modifications (post-translational) 
•  Acetylation 

•  Histone acetyltransferases (HAT) 
•  Histone deacetylases (HDAC) 

•  Methylation (mono-, di-, tri-) 
•  Histone methyltransferases (HMT) 
•  Histone demethylases 



Epigenetic Mechanisms 

http://commonfund.nih.gov/epigenomics/figure.aspx 



The ENCODE (ENCyclopedia Of DNA Elements) Project 

Nature Volume 447 Number 7146 
(14 June 2007) 

Nature Volume 489 Number 7414 
(6 September 2012) 

Science Volume 306, Issue 5696 
(22 October 2004) 



•  Chromatin 
Immunoprecipitation (ChIP) 

•  Pull-down of transcription 
factors bound to DNA 

•  Pull-down of modified 
histones bound to DNA 

•  Initially, ChIP on CHIP 
•  Hybridisation with tiling 

array (chip) 
•  Now, mainly ChIP-Seq 

•  Massively parallel 
sequencing 

http://en.wikipedia.org/wiki/Chromatin_immunoprecipitation 

Genome-Wide Experiments 



Ensembl Regulatory Build – Schema 



SMAD2 Promoter – Transcription Factor Binding Sites 
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SMAD2 Promoter – Histone Modifications 

GM12878 Cell Line 
Histone Modifications 

CpG Island 

SMAD2 Transcripts 

K562 Cell Line 
Histone Modifications 



SMAD2 Promoter – DNA Methylation 
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SMAD2 Promoter – Genome Segmentation 
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Putting It Back Together … 



Ensembl Project – Team 





http://www.telegraph.co.uk/news/picturegalleries/uknews/9601453/Spoof-signs-brighten-up-the-tube-guerrilla-stickers-on-London-Underground.html?frame=2366141 


