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Course Structure

A Central Dogma Data Sources

I  Genomes and Annotations
T Protein Domains and Structures
i Reactions, Pathways and Interactions

A Experimental Technigues, Datatypes and Repositories

I Sequencing and Variants
I Proteomics and Metabolites
i Flow and Imaging

A Practical Computation for Bioinformatics

I Analysis approaches

i Computing platforms for big data

I Selecting bioinformatics software

I Languages, Frameworks and pipelines
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Annotation Structure
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Mature Transcript Structure
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Alternative Splicing
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Genomes and Annotations

A Genome Assemblies
i)' YRSNI eAy3d aSljdzSyOS 2F (KS 2NAHI YA
| Often starts as scaffoldscbntigs

I Eventually assembled into chromosomes (still with holes)
A Only one chromosome sequence per chromosome

i wSLINBaASyudua [y WFEYOSNIISQ AYRAODARAZ
I Variations (natural or clinical) are stored separately)
I Assembly is refined and improved over time, new releases get new name:



Genome Assembly Nomenclature

A Chromosome / Scaffold sequences
I Originally deposited with ENA / NCBI as sequence records

A Genome Assembly
I Given an official name by a supervising group (sometimes two!)
I Fixed coordinates at that point



Current Human Genome

A Assembly Name: GRCh38

A Current Patch: GRCh38.p13

A Managed by: Genome Reference Consortium

A Assembly type: Chromosomal

A Chromosome:  Chrl =CM000663.2=NC 000001.11

A Genome: GCF_000001405.39(AssemblyRefse(
GCA 000001405.28(AssemblyGenbank



Genome Annotation Sets

A Built on top of a specific assembly

A Combination of prediction tools and real data

A Main annotation is Genes, Transcripts, Coding Sequences
A Many other tracks often added

A Different sites will have different annotations
A Annotations updated more frequently than assemblies



¥ Genome-Annotation-Data

Genome Annotation Detalls

$icenome-bhnnotation-Datca-STARTEE
Annotation Frovider: :NCBI
Annotation Status::Updated annotation

Annotation Name::Homo sapiens Updated Annotation Release 109,.20210226

-,

Annotation Version::109. 20210226

Annotation Pipeline: :NCEI eukarvyotic genome annotation pipeline

Annotation Software

Version:

HE =
Annotation Method: :Best-placed RefSedq:;
Features Annotated: :Gene;

$:Genome—-Ennotation-Data-ENDE#

General stats

Total Mo of Genes
Protein-coding genes
Long non-coding RNA genes
Small non-coding RNA genes
Pseudogenes

- processed pseudogenes

-unprocessed pseudogenes

- unitary pseudogenes

- polymorphic pseudogenes

- pseudogenes

60649

19955

17944

7567

14773

10667

3565

241

49

15

Immunoglobulin/T-cell receptor gene segments

- protein coding segments

- pseudogenes

409

236

Total Mo of Transcripts
Protein-coding transcripts

- full length protein-coding

- partial length protein-coding
Monsense mediated decay transcripts

Long non-coding RNA loci transcripts

Total No of distinct translations

Genes that have more than one distinct translations

rropagated RefSeq model
mBHNA; CDS5; ncRNAL

237012

86757

61015

25742

18881

48752

63968

13689

Assembly

Base Pairs

Golden Path Length
Assembly provider
Annotation provider
Annotation method
Genebuild started
Genebuild released

Genebuild last
updated/patched

Database version

Gencode version

Coding genes

Non coding genes

Small non coding
genes

Long non coding
genes

Mi=sc non coding
genes

Pseudogenes

Gene transcripts

GRCh38_p14 (Genome Reference Consortium Human
Build 38), INSDC Assembly GCA 000001405 296,
Dec 2013

3,099,750.718
3.099,750.718

Genome Reference Consortium i

Ensembl
Full genebuild
Jan 2014
Jul 2014
Mar 2023

110.38
GENCODE 44

Gene counts (Primary assembly)

19,831 (excl 650 readthrough)

25,959
4864

18,874 (excl 319 readthrough)
2221

15,239 (excl 1 readthrough)
252894



Viewing Annotated Genomes

A Mostly web based
I Species specific sites
I Generic multspecies sites

A Often adds more information
I Regulation, conservation, repeats
I Experimental datasets
I Upload your own



Species specific genome viewer sites

@ Arabidopsis https://www.arabidopsis.org
7 tair
&M FIyBase DTOSOph”a https://flybase.org/

Nematode worms nitps:/wormbase.org



Generic genome viewer sites

e.,Ensembl Ensemb| https://www.ensembl.org

;{ ?:I UCSC Browser htps:/igenome.ucsc.edu

ui“i, WAS HU Was hUBrowser https://epigenomegateway.wustl.edu



Chromosome 13: 32,315,086-32,400,268

Name Transcript ID bp Protein Biotype CCDSs UniProt Match
BRCA2-201 ENST00000380152.8 | 11954 | 3418aa CCDS9344 &7 P51587 &

BRCA2-210  ENST00000680887.1 | 11880 3418aa CCOS9344 & -
BRCA2-206 ENST00000544455.6 | 11854 | 3418aa CCOS9344 & P51587 &
BRCAZ2-204 | ENST00000530893.6 | 2011 481aa - ADASIOUT &

B Scroll: « w  Track heightt I % £F Drag/Select: +=+
BRCA2-207 ENST00000614259.2 | 11763 2649aa | IMonsense mediated decay - - Forwsrd strand P
32.00 Mb 52.60 Mb
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BRCA2-203 > BRCA2
nonsense mediated decay retaine s S
—————rtH
BROAZ-202 = BRCAZ, Human
nonsense mediated decay BRCA2, Gorilla
1
fremen e BRCAZ, Orangutan
nonsense mediated decay BRCAZ. Gibbon
TEETT TS Old World monkeys: 9 homalogs
processed pseudogene — b Mew World monkeys: 2 homalogs
) r.
Contigs . ey R —4 Lo eacaz. Tarsier
Genes (Comprehensive
set from GENCODE 38] < ZARIL-202 - Wet nose lemurs: 4 hamologs
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LEGEND
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Track Based Displays
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Large Scale Queries

b|o:::.mart €,Ensembl

A Large scale querying and export of genomic data

A Annotations, Sequences, Variants etc.
I Select data typee(ggenes)
I Select genome species

I Select genes / regions / identifiers

|

|

I Select attributes to export
I Generate report



Genome File Formats

A G e n O m e Asse m bl IeS * Species DNA cDNA CDS ncRNA  Protein  Annotated Annotated Gene

(FASTA) (FASTA) (FASTA) (FASTA) sequence sequence sequence  sets
(FASTA) (EMBL) (GenBank)

I C h rS e q u e n Ce F aStN O rm at Y :u:lan FASTAE FASTA®E FASTAM FASTAE FASTAH EMBLE GenBankd :: FTI_EEF_I
i A small header plus DNA DaS€y mwse  cione s s oo sons cims cuse oo
I AI SO u Se d for R N A / p rOte i n Y ;n:ji:::;i FASTAE FASTA@E FASTAG FASTAE FASTAER EMBLE GenBankd GTEE

Danio rerio GFF3@®

A Gene Annotations
I GFF or GTF format (both very similar)
I Hierarchical format linking exons to transcripts to genes

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



FastAFormat Data

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

CCACACCACACCCACACACCCACACACCACACCACACACCACACcCcACACCCACAc
CATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCA
ACCCTCCATTACCCTGCCTCCACTCGTTACCCTGTCCCATTCAACCATACCACTCC
CACCATCCATCCCTCTACTTACTACCACTCACCCACCGTTACCCTCCAATTACCCA



IUPAC Ambiguity Codes

A A
C C
G G
T/U T
AorC
AorG
AorT
CorG
CorT
GorT
AorCorG
AorCorT
AorGorT
CorGorT
GorAorTorC

Z @ U I < X < w S =3 Z



Annotation Descriptions

—

Gene
Exon (combined into transcript)
Coding Exon




GFF File Fields

GFF (Strictly GFF.2) 1 cironosons
2. Source
3. Feature Type
A . . 4. Start
Comprehensive annotation format 5. End
- 6. Score
A Tab delimited 7. Strand (+)
. 8. Frame (1,2,3)
A Flexiblec able to accommodate mulfeatures . Groupiatributes
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 [Andexed, fully open



GTF

A Targeted at gene structure definition

A Variant of GFF with stricter rules about attributes

1 havana

1 havana

1 havana

1 havana

1 havana

| Attributes must usegene id andtranscript_id
I Commas mandatory and single space delimited

gene

transcript 11869 14409 . + .

exon

exon

exon

11869 14409 . + .

11869 12227 . + .

12613 12721 . + .

13221 14409 . + .

gene_id
gene_id
gene_id
gene_id

gene_id

"ENSG223972",
"ENSG223972",
"ENSG223972";
"ENSG223972",

"ENSG223972",

gene_name "DDX11L1";

transcript_id "ENST456328"; transcript_name
transcript_id "ENST456328"; exon_number "1";
transcript_id "ENST456328"; exon_number "2";

transcript_id "ENSTA45 6 3ek08_duymber "3

"DDX11L1- 202"

exon_id
exon_id

exon_id

"ENSE2234944",
"ENSE3582793";

"ENSE2312635";



Genome Exploration Exercise

Babrm
Bioinformatics



MRNA Translation into Protein

Start Codon Stop Codon

GACACC ATG AGC ACT GAA ... CTG TGA
UTR Met Ser Thr Glu Arg Stp

A Most species use the same code
A Some have minor differences

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




Codon Usage

Codon
"Statistics
Database — ——
Genes analyzed: Nuclear genes Ribosomal proteins  Mitochondrial genes
Species: Homo sapiens Genetic code: 1
Taxonomy ID: 9606 Number of genes: 19850
Assembly: GCF_000001405.39 | Number of codons: 11577026
GRCh38.p13
I Y S S 7 S
167108 0.921 Unpreferred
Ala GCC 323249 1.590 Preferred
Ala GCG 89087 0438 Preferred
Ala GCT 213559 1.051 Unpreferred
Arg AGA 142934 1.303 Unpreferred
Arg AGG 140481 1.281 Unpreferred
Arg CGA 70319 0.641 Unpreferred
Arg CGC 119972 1.094 Preferred
Arg CGG 132275 1.206 Preferred
Arg CGT 52129 0.475 Unpreferred
Asn AAC 212987 1.037 Preferred
Asn AAT 197831 0.963 Unpreferred
Asp GAC 287974 1.059 Preferred

Asp GAT 255833 0.941 Unpreferred



Often

Internal
Often
Binding or
catalytic
sites
Often

surface



