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Structure of human genome 

Annunziato A. 2008. DNA packaging: Nucleosomes and chromatin. Nature Education 1(1). 
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Structure of human genome 

Annunziato A. 2008. DNA packaging: Nucleosomes and chromatin. Nature Education 1(1). 

• Total of 23 pairs of chromosomes. 

 

• Each chromosome is diploid. 

 

• Each individual chromosome 
made up of double stranded DNA. 

 

• ~3 billion bps (2m) compacted in  
a cell (15 μm) 

 



Information in the genome  

Genes: 
~1.2% coding 
~2% non-coding 

Regulatory regions: 
~2% 

Repetitive elements comprise another ~50% of the human genome 



Reference human genome 

• Human genomes vary significantly between individuals (~0.1%) 

 

• Important things to note about the reference genome: 
– Is a composite sequence (i.e. does not correspond to anyone’s genome) 

– Is haploid (i.e. only 1 sequence) 

 

• Computationally, a reference genome is used. 

 

 

 



Reference human genome  
 

• Genomic data is most common represented in two ways: 

 

1. Sequence data – fasta format (.fa or .fasta) 

   

 

 

2. Location data – bed format (.bed) 

 

>chr1 

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 

ACAGTACTGGCGGATTATAGGGAAACACCCGGAGCATATGCTGTTTGGTC 

TCAgtagactcctaaatatgggattcctgggtttaaaagtaaaaaataaa 

tatgtttaatttgtgaactgattaccatcagaattgtactgttctgtatc 

ccaccagcaatgtctaggaatgcctgtttctccacaaagtgtttactttt 

.... 

chr1 934343 935552 HES4 0 - 

chr1 948846 949919 ISG15 0 + 

... 

All about genomic formats here - http://genome.ucsc.edu/FAQ/FAQformat.html 

chromosome start end name score strand 

http://genome.ucsc.edu/FAQ/FAQformat.html
http://genome.ucsc.edu/FAQ/FAQformat.html
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DNA: Sequence variation 



Variations in DNA sequence 

• Cytological level: 
– Entire chromosome (e.g. chromosome numbers) 
– Partial chromosome (e.g. segmental 

duplications, rearrangements, and deletions) 
 

• Sub-chromosomal level: 
– Transposable elements 
– Short Deletions/Insertions, Tandem repeats 

 

• Sequence level: 
– Single Nucleotide Polymorphisms (SNPs) 
– Small Nucleotide Insertions and Deletions 

(Indels) 



Sequence variation 

• Single nucleotide 
polymorphisms (SNPs) 
–  DNA sequence variations that 

exist with members of a species. 
– They are inherited at birth and 

therefore present in all cells. 
 
 

• Somatic mutations 
– Are somatic – i.e. only present 

in some cells 
– Mutations are often observed in 

cancer cells 

 



Types of SNPs/Mutations 

• Most SNPs and mutations fall in 
intergenic regions. 
 

• Within genes, they can either fall in the 
non-coding or coding regions. 
 

• Within coding regions, they can either 
not-change (synonymous) or change 
(non-synonymous) amino acids. 
 

Intergenic region Non-coding 

Synonymous 
Coding 

Non-Synonymous 
TSS 



Effects of sequence variation 

• Non-synonymous variants: 
– Missense (change protein structure) 

– Nonsense (truncates protein) 

• Synonymous or non-coding variants: 
– Alter transcriptional/translational efficiency 

– Alter mRNA stability 

– Alter gene regulation (i.e. alter TF binding) 

– Alter RNA-regulation (i.e. affect miRNA binding) 

 

Majority of sequence variation are neutral 



RNA: Genes and gene expression 



• A gene is a functional unit of DNA that is transcribed 
into RNA. 

• Total genes in the human genome – 57,445 

 
 

 

Types of genes 

Source: GENCODE (version 18) 

mRNA 
miRNA 
lncRNA 



Protein coding genes 

Source: http://www.news-medical.net 

 

 

• Traditionally considered to 
be the most important 
functional unit of 
genomes. 

 

• ~ 20,000 in the human 
genome. 

 

• Due to splicing one gene 
can make many proteins. 

 

 



MicroRNA (miRNA) 

• Discovered in 1993. 
 
• Plays a role in post-

transcriptional regulation. 
 

• Acts by either causing RNA 
degradation or inhibition 
of translation. 
 

• Implicated in many aspects 
of health and disease 
including: 
– Development 
– Cancer 
– Heart disease 

 

 
 

miRNA gene 

pri-miRNA 

pre-miRNA 

miRNA/miRNA* 

miRISK w selected 
miRNA arm 
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Long non-coding RNA (lncRNA) 

• Recently described class of RNAs 
which often transcribed by PolII 
promoters and often spliced.  
 

• Unlike coding and miRNAs, lncRNA 
are less conserve. 

 
• Non-coding transcripts > 200 nt in 

length. 
 

• Many functions. Commonly 
recruitment of histone modifiers 
 



RNA expression 

• Measuring the level of RNA in 
the sample. 

 

• Generally microarray-, 
sequencing- or high-throughput 
PCR- based. 

 

• Computation analysis and 
normalisation of expression data 
can be complicated. 



RNA expression applications 

• Relatively cheap and fast readout 
of the functional state of a cell 

 

 

• Association with clinical features   
- sequence variations  

- response to therapy 

- patient survival 

… 

 

• Differential expression  
- between samples, or  

- between genes 

 

HSC 

Megakaryocyte 

MEP 

BCells 

TCells 



RNA expression applications 

• Differential expression of 
individual genes not 
necessarily informative. 

 

• Genes are often grouped in 
gene-sets based on ontology 
or biological pathways. 

 

 



Gene Regulation 
Epigenetics 



Epigenetics 

• Mechanisms that alter cellular function 
independent to any changes in DNA sequence  

 

• Mechanisms include: 

– Transcriptional regulation: Transcription Factors 

– Genome methylation 

– Histone modification / Nucleosome positioning 

– Non-coding RNA 



Transcriptional regulation 

• Transcription factors are proteins that bind DNA to 
co-regulate gene expression. 

• Typically binds at gene promoters or enhancers. 



DNA methylation 

• DNA is methylated on cytosine's in CpG 
dinucleotides 

 



Nucleosomes & Histones 

• Acetylation 
• Methylation 
• Phosphorylation 
• Ubiquitination 
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Array Technology 

• Relies on fluorescence-based 
on hybridisation of DNA against 
complementary probe on 
array. 
 

• Known molecule that can be 
converted to cDNA. 
– Expression array (probe for 

exonic DNA regions) 
– SNP array (probe for two 

alleles) 
– Methylation array (probe for 

bisulfide converted DNA) 

 
• Limited by probes present on 

the array. 
 
 

https://www.dkfz.de/gpcf/affymetrix_genechips.html 

Lab
elin

g  
P

ro
cessin

g 



Array Technology 

https://www.dkfz.de/gpcf/affymetrix_genechips.html 

Images Processing 
 

Quantification 

Pre-processing 
 

Backgrd. Subs., Norm. 

Post-processing 
 

Batch and Outlier removal 

Statistics & Data Analytics 
 

e.g. DiffExp, Clinical Assoc 

Systems Biology 
 

e.g. Pathway analysis 



Next-generation sequencing 



Next-generation sequencing (Illumina) 

Library 
preparation 

 
cDNA 

Synthesis 
 
 
  

Sequencing 
 
 
  



Next-generation sequencing (Illumina) 

Alignment 
human reference genome 

Quantification  
mRNA/miRNA/lncRNA 

Quantification  
mRNA/miRNA/lncRNA 



Pros/cons of each technology 

• NGS 
– Greater dynamic range (only limited by depth of 

sequencing) 

– Coverage of genome does not need to be limited. 

– Many more applications from sequencing data. 

– Data analysis and management can be challenging. 

 

• Microarrays 
– Microarrays are still significantly cheaper. 

– Largest public datasets are likely to be microarray based. 

– Data analysis pipelines are well standardised. 



ChIP-seq of the seven transcription factors 

FLI1, ERG, GATA2, RUNX1, SCL, LYL1 and LMO 

ERG locus 

High- throughput 

sequencing 

Bioinformatics 

Chromatin Immunoprecipitation 
Sequencing (ChIP-seq) 
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• Background 

• Genome Assemblies 

• Annotation Tracks 

• Associated Tools 

• Practical Exercise  



http://genome.ucsc.edu/ 
Genome Browser 



Background 



Background 
Visualization of genomic data 

 
 Graphical viewpoint on the very large amount of genomic sequence 
produced by the Human Genome Project. 
 
Human Genome: 3,156,105,057 bp  

 
 

 Focus turned from accumulating and assembling sequences to 
identifying and mapping functional landmarks 
 
Genetic markers 
Genes 
SNPs 
Points of regulation 
 
 Visualization of Next-generation-sequencing data 
 
 
 

David Haussler 



Client-side 

 Integrative Genomics Viewer*  

 

 Application (Java) on the user’s 

machine 

 

 Often difficult to install 

 

 Does not have the extensive third-

party data of the other browsers 

 

 Much faster than web-based browsers 

 

Client-server 

UCSC Genome Browser 

 

Application on a web-server; access via 

web browser 

 

No installation 

 

Access to a very large database of 

information in a uniform interface  

 

Often difficult to import datasets 

Background 

http://www.broadinstitute.org/igv/ 



Background 
Intronerator was developed by J. Kent to 

map the exon–intron structure of C. elegans 

RNAs mapped against genomic coordinates 

 

 

 

 

 

 

David Haussler 

Jim Kent 



Background 

 

 

 

 Draft human genome sequence became available at the UCSC in 2000 

 

 Intronerator was used as the graphics engine  

 

 

 

 

< exon exon exon < < < < < < <   5' UTR ex 3' UTR 



UCSC Genome Browser 



http://genome.ucsc.edu/ 
Genome Browser 



 



Genome Assemblies 
 Regular updates to genome assemblies to 

close gaps in genomic sequence, 
troubleshoot assembly problems and 
otherwise improve the genome assemblies 
 

 Shifting coordinates for known sequences 
and a potential for confusion and error 
among researchers, particularly when 
reading literature based on older versions.  
 

 Frequently used assemblies hg18/hg19 
 

 
 New assemblies increase genomic 

coverage 6-fold and have been deposited 
in GenBank. 

 
 127 genome assemblies have been 
released on 58 organisms (April 2012) 













Annotation tracks 



Annotation tracks 

The database may contain any data that can be 
mapped to genomic coordinates and therefore 
can be displayed in the Genome Browser 

 
 Overview of tracks: http://genome.ucsc.edu/cgi-bin/hgTracks  

 
Three different categories:  
 

  computed at UCSC 

 

  computed elsewhere and displayed at UCSC 

 

  computed and hosted entirely elsewhere 

 

 

 

http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display
http://genome.ucsc.edu/cgi-bin/hgTracks?hgHubConnect.destUrl=../cgi-bin/hgTracks&clade=mammal&org=Human&db=hg19&position=chr4:170,847,218-171,145,337&hgt.positionInput=enter+position,+gene+symbol+or+search+terms&hgt.suggestTrack=knownGene&hgsid=351535743&hgTracksConfigPage=configure+tracks+and+display


Annotation tracks computed at UCSC 

 
 Comparative genomic annotations as well as Convert and liftOver 

capabilities 
 
 

 mRNAs and ESTs in GenBank are aligned to the reference assembly in 
separate tracks (75 million GenBank RNAs and ESTs, ~3 billion bases of the 
human reference assembly  2 CPU-years of computing time) 

 
 
 The Conservation composite track displays the results of the multiz 

algorithm that aligns the results from up to 46 pairwise Blastz alignments 
to the reference assembly (e.g. hg19 human assembly consumed 10 CPU-
years) 

  
 





Annotation tracks  computed elsewhere and 

displayed at UCSC 

 
Annotations that are not post-processed by the UCSC 
 
 Probe sets for commercially available microarrays, copy-number variation from the 

Database of Genomic Variants or expression data from the GNF Expression Atlas  
 

 Data Coordination Center for the ENCODE project allowing access to a large number 
of functional annotations in regards to gene regulation 

 
 
Annotations that are post-processed by the UCSC 
 
 dbSNP (Common SNPs, Flagged SNPs, Mult. SNPs) 
 
 OMIM (OMIM Allelic Variant SNPs, OMIM Genes, OMIM Phenotypes) 

 
 





Annotation tracks computed and hosted 

elsewhere 

Data tracks are hosted remotely (no data 

are stored at UCSC) and publicly 

available, e.g. Epigenomics Roadmap 

project http://epigenome.wustl.edu/ 

http://epigenome.wustl.edu/


Tracks from the Epigenome project 



Associated Tools 

Tools other than the main graphic image 

account for 42% of traffic on the UCSC 

server 



Sessions  



Custom track 



Table Browser 

 


