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Course Structure

ÅCentral Dogma Data Sources
ïGenomes and Annotations

ïProtein Domains and Structures

ïReactions, Pathways and Interactions

ÅExperimental Techniques, Datatypes and Repositories
ïSequencing and Variants

ïProteomics and Metabolites

ï Flow and Imaging

ÅPractical Computation for Bioinformatics
ïAnalysis approaches

ïComputing platforms for big data

ïSelecting bioinformatics software

ï Languages, Frameworks and pipelines



Central Dogma Data 
Resources
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Annotation Structure
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Mature Transcript Structure
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Genomes and Annotations

ÅGenome Assemblies

ï¦ƴŘŜǊƭȅƛƴƎ ǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ƻǊƎŀƴƛǎƳΩǎ ŎƘǊƻƳƻǎƻƳŜǎ

ïOften starts as scaffolds / contigs

ïEventually assembled into chromosomes (still with holes)

ÅOnly one chromosome sequence per chromosome

ïwŜǇǊŜǎŜƴǘǎ ŀƴ ΨŀǾŜǊŀƎŜΩ ƛƴŘƛǾƛŘǳŀƭ όǳƴƭŜǎǎ ōŀŎƪŎǊƻǎǎŜŘύ

ïVariations (natural or clinical) are stored separately)

ïAssembly is refined and improved over time, new releases get new names



Genome Assembly Nomenclature

ÅChromosome / Scaffold sequences

ïOriginally deposited with ENA / NCBI as sequence records

ÅGenome Assembly

ïGiven an official name by a supervising group (sometimes two!)

ïFixed coordinates at that point



Current Human Genome

ÅAssembly Name: GRCh38

ÅCurrent Patch: GRCh38.p13

ÅManaged by: Genome Reference Consortium

ÅAssembly type: Chromosomal

ÅChromosome: Chr1 = CM000663.2= NC_000001.11

ÅGenome: GCF_000001405.39(Assembly Refseq)

GCA_000001405.28(Assembly Genbank)



Genome Annotation Sets

ÅBuilt on top of a specific assembly

ÅCombination of prediction tools and real data

ÅMain annotation is Genes, Transcripts, Coding Sequences

ÅMany other tracks often added

ÅDifferent sites will have different annotations

ÅAnnotations updated more frequently than assemblies



Genome Annotation Details



Viewing Annotated Genomes

ÅMostly web based

ïSpecies specific sites

ïGeneric multi-species sites

ÅOften adds more information

ïRegulation, conservation, repeats

ïExperimental datasets

ïUpload your own



Species specific genome viewer sites

https://www.arabidopsis.orgArabidopsis

https://wormbase.orgNematode worms

Drosophila https://flybase.org/



Generic genome viewer sites

UCSC Browser https://genome.ucsc.edu

https://epigenomegateway.wustl.edu/WashUBrowser

https://www.ensembl.orgEnsembl





Track Based Displays



Large Scale Queries

ÅLarge scale querying and export of genomic data

ÅAnnotations, Sequences, Variants etc.
ïSelect data type (eggenes)

ïSelect genome species

ïSelect genes / regions / identifiers

ïSelect attributes to export

ïGenerate report



Genome File Formats

ÅGenome Assemblies

ïChrsequence, FastAformat

ïA small header plus DNA bases

ïAlso used for RNA / protein

ÅGene Annotations

ïGFF or GTF format (both very similar)

ïHierarchical format linking exons to transcripts to genes

https://www.ensembl.org/info/data/ftp/index.html



>I dna:chromosome chromosome:R64 - 1- 1:I:1:230218:1 REF

CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACCCACACACACA

CATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTT

ACCCTCCATTACCCTGCCTCCACTCGTTACCCTGTCCCATTCAACCATACCACTCCGAAC

CACCATCCATCCCTCTACTTACTACCACTCACCCACCGTTACCCTCCAATTACCCATATC

>II dna:chromosome chromosome:R64 - 1- 1:II:1:813184:1 REF

AAATAGCCCTCATGTACGTCTCCTCCAAGCCCTGTTGTCTCTTACCCGGATGTTCAACCA

AAAGCTACTTACTACCTTTATTTTATGTTTACTTTTTATAGGTTGTCTTTTTATCCCACT

TCTTCGCACTTGTCTCTCGCTACTGCCGTGCAACAAACACTAAATCAAAACAATGAAATA

CTACTACATCAAAACGCATTTTCCCTAGAAAAAAAATTTTCTTACAATATACTATACTAC

FastAFormat Data



IUPAC Ambiguity Codes
IUPAC Code Meaning

A A

C C

G G

T/U T

M A or C

R A or G

W A or T

S C or G

Y C or T

K G or T

V A or C or G

H A or C or T

D A or G or T

B C or G or T

N G or A or T or C



Annotation Descriptions

Gene

Exon (combined into transcript)

Coding Exon



GFF (Strictly GFF.2)

ÅComprehensive annotation format

ÅTab delimited 

ÅFlexible ςable to accommodate multi-features

GFF File Fields
1. Chromosome
2. Source
3. Feature Type
4. Start 
5. End
6. Score 
7. Strand (+/-)
8. Frame (1,2,3)
9. Group/Attributes

1 hav gene       11869 14409 . + . ID= gene:ENSG223972 ;Name=DDX11L1;description=DEAD/H - box 1;gene_id=ENSG223972

1 hav transcript 11869 14409 . + . ID= transcript:ENST456328 ; Parent=gene:ENSG223972 ;Name=DDX11L1- 002;

1 hav exon       11869 12227 . + . Parent=transcript:ENST456328 ;exon_id=ENSE2234944;rank=1

1 hav exon       12613 12721 . + . Parent=transcript:ENST456328 ;exon_id=ENSE3582793;rank=2

1 hav exon       13221 14409 . + . Parent=transcript:ENST456328 ;exon_id=ENSE2312635;rank=3

Positions are 1-indexed, fully open



GTF

ÅTargeted at gene structure definition

ÅVariant of GFF with stricter rules about attributes

ïAttributes must use gene_id and transcript_id

ïCommas mandatory and single space delimited

1 havana gene       11869 14409 . + . gene_id "ENSG223972"; gene_name "DDX11L1";

1 havana transcript 11869 14409 . + . gene_id "ENSG223972"; transcript_id "ENST456328"; transcript_name "DDX11L1 - 202"; 

1 havana exon       11869 12227 . + . gene_id "ENSG223972"; transcript_id "ENST456328"; exon_number "1"; exon_id "ENSE2234944";

1 havana exon       12613 12721 . + . gene_id "ENSG223972"; transcript_id "ENST456328"; exon_number "2"; exon_id "ENSE3582793";

1 havana exon       13221 14409 . + . gene_id "ENSG223972"; transcript_id "ENST456328ò; exon_number "3"; exon_id "ENSE2312635";



Genome Exploration Exercise



mRNA Translation into Protein

ÅMost species use the same code

ÅSome have minor differences

https://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi

GACACC ATG AGC ACT GAA ... CTG TGA

Met Ser Thr Glu Arg Stp

Start Codon Stop Codon

UTR



Codon Usage



Often
internal

Often
surface

Often
Binding or 
catalytic 

sites


