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Saves time and effort
o Ensembl collates alot of published information
o Knowing howto find that can (at least partially) replace trawling through papers
Better experimental design for gene editing experiments
o Understand gene structure
o Understand splice variants and expression behaviour
Download data without coding
o Sequence, phenotypes, gene ontology annotations
Customise genome browser
o Switch onrelevant tracks, upload your own data



Understand Ensembl as a database
o basics of defaultdata
o investigatinghomology
Find and switch on optional features
o findyourgeneand its associated data
Download gene and genome data
o keytoolsto use

Upload and display your own data



Lecture sections

o Introduce background information

o Show examples

o Slides for future reference
Small exercises

o Inlecture sections

o | will pointout when to switch to browser
Large exercises

o Designedto be more challenging
o Cover alltools and features we introduce

Your questions
o Email me so that we can work through them on Day 2



Day 1 Day 2

e PartT e Part3
o Zebrafish genomebasics o BioMart
o Ensemblbasics o Other tools (Variant Effect Predictor,
o Nomenclature (Gene names, IDs, etc...) etc...)
o Assemblyvsannotation o Custom tracks
o Part?2 e Your questions

o Configuring Ensembltracks
o Ensembl “Gene"view
o Comparative genomics
e Homework
o Email me your questions so that we can
work through them on Day 2
o Finishexercises



Zebrafish Genome Project
Ensembl

Finding your gene

Gene name and IDs

Manual and automatic annotation
Ensembl “Region” view



Most examples from Ensembl (we are biased!)
Probably most widely used genome browser
amongst zebrafishresearchers

Primary source of zebrafish annotation (UCSC
imports Ensembl annotation)

Currently Ensembl version 110 (July 18th)
New releases 3 or 4 times / year

Zebrafish annotation largely static between
releases

But naming and homology updated (+ new
functionality)

O i
BLAST/BLAT | VEP | Tools | More v [l e

Tools  BioMart > BLAST/BLAT > Variant Effect
redictor >

Alltools  Export custom Search our

datasets from genomes for your Analyse your own
Ensembl with this DNA or protein variants and
data-mining tool sequence predict the
functional
consequent f
known and
inknown variant:
Search
All species ~ |for
‘©.g. BRCAZ or rat 5:62797383-63627669 or rs699 or
ccoranary heart disease
All genomes Favourite genomes #

-- Select a species -- ~| g Human
GRCh38.p14
Pig breeds Sl using GRCHAT?
Pig referance genome and
12 additional breeds

Mouse
. GROm3S

View full list of all species

supports
genomics,

alignments, predicts regulatory
function and collects disease data.
Ensembl tools include BLAST, BLAT,
BioMart and the Variant Effect
Predictor (VEP) for all supported
species.

Ensembl Release 110 (July
2023)

® The human genome assembly
has been updated to the latest
patch release GRCh38.p14

® Regulatory annotation annotation
of open chromatin regions and
promoters in pig, chicken, Atlantic
salmon, turbot, and European
seabass has been added (a
collaboration with the GENE-
SWitCH and AQUA-FAANG
consortia)

o Three rat strains have been
added: SHR/Utx RGD_8142385,
WKY/Bbb RGD_1581635 and
SHRSP/BbbUIK

® MANE and Ensembl canonical
transcript attributes to be added
as tags in GFF3 files.

More release news & on our blog

Ensembl Rapid Release

New assemblies with gene
and protein annotation every
two weeks.




e GRCz11 (danRer11) - latest assembly, released in 2017

e Sequencing strategy:
o 90%cloneby clone sequencing
m High quality
o 10%whole genome shotgun sequencing
m Lower quality
m Fillsgapsbetweenclones
m Identified by accessionsbeginningwith CABZ
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Genome project startedin 2001 at Sanger Institute s e s e s e o ,3
Initially sequenced pool of Tiibingen zebrafish i

But zebrafish very polymorphic compared to humans ] i ! I |! i I Il Il 1
Too much variationtojoin clones, so lots of gaps :

+ same region represented by 2+ clones, leading to
artificial duplication s e o e w0 m m as ae s

Later used double haploid Tlibingen fish for some { i i cilt i i ) b !
clones and most WGS i 1 ! ! l « ! I I I
Only 925 gaps between scaffolds and N50 > 7 Mbp AR e

GRCZ1 1 Contains alternative Scaff0|ds From https://www.ncbi.nlm.nih.gov/grc/ zebrafish
When downloading sequence from Ensembl FTP site, "toplevel” includes

alternative sequence, but "primary assembly’ doesn'tand is probably
what you want

L]
L |



e Previous assemblies available in Ensembl archives:
www.ensembl.org/info/website/archives/assembly.html

o GRCz10/ danRer10: http://e91.ensembl.org/
o Zv9/ danRer7:http://e77.ensembl.org/
o Zv8/ danRer6: http://e54.ensembl.org/

e Evenolder assemblies available in
UCSC

e Numbering coordinated when GRC
(Genome Reference Consortium)
took over managing zebrafish
assembly from Sanger Institute
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http://www.ensembl.org/info/website/archives/assembly.html
http://e91.ensembl.org/
http://e77.ensembl.org/
http://e54.ensembl.org/

Mirrors: www.ensembl.org/info/about/mirrors.html

Main site (UK): www.ensembl.org
US East mirror: useast.ensembl.org
Most often slow due to chosen tracks though

O L i
- !
vals UK (Sanger Institute) - YOU ARE HERE!

_E US East (Amazon AWS) - Cloud-based mirror on East Coast of US

(E io (Amazon AWS) - Cloud-based mirror in Singapore



https://www.ensembl.org/info/about/mirrors.html
https://www.ensembl.org/
https://useast.ensembl.org/

e Follow link from ZFIN

— é ZFIN Search

Q  Signin

dmd

Expression
Phanotype

Mutations

Human Disease
Genea Ontolegy
Protein Domains
Transcripts
Interactions and Pathways
Antibodies

Plasmids

Constructs

Marker Relationships
Sequences

Orthology

GENE

dmd
]

Name
Symbol
Previous
Names
Type
Location

Resources

ZDB-GENE-010426-1
dystrophin
dmd Nomenciature Mistory

cb664 (1), Dp71 (1), Duchenne muscudar dystrophy (1),
im:6911785, sap, sapje-ike (1), sapje. 2IDYS (1), zgc: 110165

protein_coding_gene £

o oo

Description Predicied to have actin binding activity and zinc ion binding

activity. Involved in Ip 9
organization; skeletal muscie organ development; and somatic
muscle development. Localizes to sarcolemma. Used 10 study
Duchenne muscular dystrophy and muscular dystrophy. Human
ortholog(s) of this gene implicated in cognitive disorder, dlated
cardiomyopathy (multiple); intellectual disability; and muscular
dystrophy (multiple). s expressed in saveral structures,
Including axial mesoderm; axis; chordo newral hinge:
musculature system; and somite. Orthologous to human DMD
(dystrophin).

Alllance & (1), Gene:83773& (1),

GRC2 11 ENSDARG00000008487 &£

None




Follow link from ZFIN
Search by gene name on
Ensembl (or old name or
mutant name)

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

New Search

Current selection:

< all Species
Only searching Zebrafish

Restrict category to:

Gene 2

Transcript 13
GeneTres 1
GenomicAlignment 5

10 25 50 100

Layout:
Standard  Table

Help and Documentation can be
searched from the homepage! Just
type in a term you want to know mere
about, like non-synonymous SNP.

searching Zebrafish v i1l

21 results match dmd when restricted to | species: Zebrafish 3§

dmd (Zebrafish Gene)
ENSDARGO0000008487 1:108324351-11075405 -1
Dystrophin [Source: ZFIN:Acc: ZDB-GENE-010426-1]

dmd-201 (ZFIN transcript name record; description: dystrophin, ) is an external reference matched to
Transcript ENSDART00000007013

Variant table « Phenotypes « Locafion « External Refs. « Regulation « Orthologues = Gene free

dmd (Zebrafish Alternative sequence Gene)
ENSDARGO0000115779 CHR_ALT_CTG1_1_4:10937816-11031921:-1
Dystrophin [Source: ZFIN;Acc:ZDB-GENE-010426-1]

dmd-213 (ZFIN transcript name record; description: dystrophin, ) is an external reference matched to
Transcript ENSDART00000164141

Nat a Primary Assembly Gene

Variant table * Phenotypes * Locafion * External Refs. = Regulation = Gene tree

dmd-212 (Zebrafish Transcript)
ENSDART00000170290 1 10524351-11075405 -1

Dystrophin [Source: ZFIN;Acc:ZDB-GENE-010426-1].
Location = Extemnal Refs. « cDNAseq. = Exons « Varianttable = Protein seq. = Population «

dmd-201 (Zebrafish Transcript)
ENSDART00000007013 1-10524653-10914523-1

Dystrophin [Source: ZFIN;Acc:ZDB-GENE-010426-1].
Location « Extemnal Refs. « cDNAseq. = Exons « Varianttable = Protein seq. « Population «

Protein summary

Protein summary

Search Zebrafish. ..




Follow link from ZFIN

Search by gene name on
Ensembl (or old name or mutant
name)

Search using BLAST or BLAT on

Ensembl

o BLAT isfaster
o BLAST finds more distant
alignments + alternative scaffolds

Results for dmd @

Job details =

S50 name

Species
Assemdsy
Search type




Follow link from ZFIN

Search by gene name on
Ensembl (or old name or mutant
name)

Search using BLAST or BLAT on

Ensembl
o BLAT isfaster
o BLAST finds moredistant
alignments + alternative scaffolds
o No BLAST/BLAT on Ensembl archive
sites but can use BLAT on UCSC
Check gene correct by checking

orthologues and/or synteny

Yow Gene Tive | Conmumn Beocns (2208,199-221,1851)

Yiew Seoverce Alormenty
Y ac-many omg (ENSCUMGOO000591) 2N 2o
Yox CGeoe ot Comomn Revioos 23245684,

5.281.963-1)

Yore Seousnce Alonments
11 omd ENSNEAGONN00015200) 734N b
Yan Geos line Corrour Nogoos (H422367.1.2.004.027-

2.028.0541)

Y Seouarce AOmeny

1201 ond LAGPAYCO0000ITAAY) 453N LA

Voow Geoe Tree  Comarn Ragons (44 19417.1:620.205-
TI2306)

i SCOURCe NGO

0 (53] ve
0 o
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Names assigned to Ensembl genes automatically based on sequence similarity

o Mistakes are possible
o Names can change

ZFIN gene symbols (i.e. the name assigned by ZFIN) are preferred, but other
databases are also used, e.g. HGNC (HUGO* Gene Nomenclature Committee) and
miRBase

Descriptionindicates source of name

Genes without a match are given a name based on the sequence used to identify
them, e.g AL645792.1 (clone) or CABZ01052570.1 (WGS)

*HUGO: Human Genome Organization

Gene: dmd ENSDARG00000008487

Description dyslrophc:ZDB-GENE-m 0426-1)

Gene Synonyms Dp71, Duchenne muscular dystrophy, cb664, im:6911785, sap, sapje, sapje-like, zfDYS, zgc: 110165




e Besttouse stable IDs

e e.g. ENSDARG00000028213 (ttn.2 or ttna)

e ENS = Ensembl



Best to use stable IDs

e.g. ENSDARG00000028213 (ttn.2 or ttna)

ENS = Ensembl
DAR = Danio rerio



Best to use stable IDs

e.g. ENSDARG00000028213 (ttn.2 or ttna)

ENS = Ensembl
DAR = Danio rerio
G = Gene (also T for Transcript, P for Peptide and E for exon)



e Not completely stable, if annotation or underlying assembly changes
e Stable IDs have versions, e.g. ENSDARG00000058767.4

o Version numberof ENSDARG increases if transcripts change

o Version number of ENSDART increases if splicing,chromosome or sequence of transcript
change

o Version numberof ENSDARP increases if peptide's sequence changes

o Version numberof ENSDARE increases if exon's sequence changes

e Can also be removed, e.g. searching for ENSDARG00000058767



e Not completely stable, if anno;

e Stable IDs have versions, e.g.
o Version numberof ENSDARG ing

o Version numberof ENSDART ing
change

o Version numberof ENSDARP ing

o Version numberof ENSDARE inc

e (Can also be removed, e.g. seq

Gene: ENSDARG00000058767
Thes ientfier s 1ot o P currant EsaEMBL daabase
1D History @

Stadie 10
Status
Latest Version

Assombly. GRC210

Datatesa danis_rero_core_B6_10

Assoclated archived IDs for this stable 1D version

VO00A4 C,

&% ENSDARGOUOOOOSETEH?

Score ENLI00 B =09 B >=097 HE »~090 BN »=075 BN »=050

X 3
ENLOANG 000001 08808

ENSOMRG 0000009 ¥) 30

e

@50




e Not completely stable, if annotation or underlying assembly changes
e Stable IDs have versions, e.g. ENSDARG00000058767.4

o Version numberof ENSDARG increases if transcripts change

o Version number of ENSDART increases if splicing,chromosome or sequence of transcript
change

o Version numberof ENSDARP increases if peptide's sequence changes

o Version numberof ENSDARE increases if exon's sequence changes

Can also be removed, e.g. searching for ENSDARG00000058767
Can use www.ensembl.org/Danio_rerio/Tools/IDMapper to convert older IDs
to what they map to currently in Ensembl

e Relevance: Gene IDs from older publications!



https://www.ensembl.org/Danio_rerio/Tools/IDMapper

e Not completely stable, if annotation or underlying assembly changes
e Stable IDs have versions, e.g. ENSDARG00000058767.4

o Version numberof ENSDARG increases if transcripts change

o Version number of ENSDART increases if splicing,chromosome or sequence of transcript
change

o Version numberof ENSDARP increases if peptide's sequence changes

o Version numberof ENSDARE increases if exon's sequence changes

Can also be removed, e.g. searching for ENSDARG00000058767
Can use www.ensembl.org/Danio_rerio/Tools/IDMapper to convert older IDs
to what they map to currently in Ensembl

Mini-exercise: Check whether your favourite genes have had stable ID changes. What's the ENSDARG
version number? (Hint: look for your gene’s ID history)


https://www.ensembl.org/Danio_rerio/Tools/IDMapper

e Zebrafish (+ human, mouse, rat) has manual m:] .&.'ﬂn.

and automatic gene annotation

e Other 300+ genomes in Ensembl only have
automatic annotation

e www.ensembl.org/info/about/species.html



https://www.ensembl.org/info/about/species.html

Gold standard
Uses information from databases and
publications

More accurate for tricky areas:
o e.g.UTRs, splice sites, single exon transcripts

Slower and more expensive

Thorough, but leads to inclusion of transcripts
that may not be representative (e.g. low
expression)

Only clones manually annotated
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From Ensembl training materials, CCBY 4.0 license



Faster
Uses evidence from sequences deposited in
ENA/GenBank/DDBJ and UniProt proteins

Overview:

(@]

o
o

Identify repeats and low complexity sequence with RepeatMasker,
Dust and TRF

Run GENSCAN to identify ab initio gene predictions

Align UniProt proteins to GENSCAN predictions, prioritising zebrafish
proteins or those from closely related or well annotated species
Make gene models using Genewise

Align cDNAs, ESTs and RNA-seq to annotate UTRs and make RNA-
seq gene models

Collapse redundant transcripts and cluster into genes, prioritising
manual annotation but including automatic annotation if different
splicing

Identify pseudogenes by looking for genes with frameshifts /
repeats

Identify processed pseudogenes by looking for multi-exon
equivalent
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From Ensembl training materials, CC BY 4.0 license



Golden: Identical manual and
automatic annotation

Red: Protein-coding transcript from
automatic annotation

Blue: Non-coding transcript

Filled box: Coding exon

Non-filled box: Non-coding exon

- Ut 45—
< myef2- 201 ENSDART00000082504

protein coding

8 S R — — — 1
< myef2- 203 ENSDART'O0000097960

protein coding

1
< myef2-202 - ENSDARTO0000082506
protein coding

a0
< myef2-206 - ENSDART00000143751
retained intron

£2-205 - ENSDART00000142036
retained intron

f2-204 - ENSDARTD0000129299
retained intron

5.24Mb 5.25Mb
3505 kb

In reality, would not trust these retained intron transcripts unless shown to have comparable

expression levels




Often multiple transcripts

Best transcript for experiments?
Golden transcript is a good bet
Ensembl Canonical transcriptis,
on balance, most conserved,
most expressed, longest CDS
(coding sequence) and in other
databases

APPRIS combines protein
structure, important residues
and homology to identify a
principal isoform - APPRIS P1

Gene: babam1 ensDARGD0O000077526

Description
Gene Synonyms

Location

About this gene
Transcripts

Showhide columns {1 hidden)

Transcript ID

ENSDARTOO0000162776.2 ' babam1-203 802
ENSDARTO0000167672.2 babam1-204 790 24033

Name
ENSDARTO0000122262.5  babam1.202 2035
ENSDARTO0000006980.8 babam1-201 1888 37023

BRISC and BRCA1 A complox member 1 [Source:NCBI gene Acc:445296)]
296100909

Chrompecane 11.6.051 287:6 .070.192 reverse strand
GRCz11.CM002895.2

This gene has 4 transcripts (solice yariants) and 185 odhologues

Hide transcript table

]

bp  Protein  Biotype UniProt Match Flags
37023 | Protein coding QBAXKA® Ensombl Canonical  APPRIS P1
| Protein coding . AQADRANIAG & QEAXKA L APPRIS P1
19709 | Protein coding ADAQRANKT & COS ¥ incomplete
| Protein coding ADADRAIMNG & CDS 3 incomplete




e Goto "22:3153000-3217000"
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e Goto "22:3153000-3217000"
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e Do Exercise 1 - “exploring the genome”
e Covers:

o Regionview
o BLAST/BLAT
o Archive sites

e Goto mbl2023.buschlab.org



https://mbl2023.buschlab.org/

Zebrafish genome basics

Ensembl basics

Nomenclature (Gene names, IDs, etc...)
Assembly vs annotation

Learning outcomes:
o Understanding gene features for experiments, e.g. CRISPR, ISHs
o Distinguishbetween annotation and assembly, gene versions
o Beingableto switch betweenreleases
o Judgingwhich transcripts/ gene features are reliable

e Any questions?



Configuring Ensembl tracks
Ensembl “Gene” view
Comparative genomics

But first, back to the region we were looking at before the exercises:
"22:3153000-3217000"



Configp g Imags
Aciive tracks
Favourite trachs
Track order
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e Goto "22:3153000-3217000" and click “Configure this page”

Select from available configurations:

Genes and transcripts

RMASeq models
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NCBI's annotated and curated database of reference sequences, including
transcripts and proteins

Accessions starting X are “Model RefSeq” predictions from automatic
genome annotation

Accessions starting N are “Known RefSeq” from manually curated cDNA and

EST data

Accessions starting NM & XM indicate mRNA; NP & XP are proteins



e Goto "22:3153000-3217000" and click “Configure this page”

£DNA slignment

EST cluster (Unigene),

3 dpf samplel RNA-seq
2 dpf samplel RNA-seq
genemodels

1 dpf nmplﬂ. RNA-seq
gene madels

RefSeq GFF3
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Genes (Merged
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e Goto"1:10822281-10882903" and click “Configure this page”
e Under “RNASeq models”, turn on “Intron-spanning reads” for “pharyngula
prim 5" and “pharyngula prim 15"

Genes (Merged
EnsemblHavans)

pharyngula peim 15

pharyngula prim S

intron-spanning reads.

intron-spanning reads

= ==

O— +
< dmd-212 - ENSDARTOO00001 70290
protein coding

ol

O +
« dmd-201 - ENSDARTO0000007013
protein coding

+

o~ ~ S — ol
< dmd-202 - ENSDARTOD000009886

protein codng

[+ +
< dmd-208 - ENSDARTO0000138275
processed transcript

e

00— +
< dmd-207 - ENSDARTO00001 35563
processed transcript

» ot

< dmd203 - ENSDARTO0000102903
protein coding

il

bt +
< dmd-209 - ENSDARTO0000141052
protein coding

- —

—
< dmd-211 - ENSDARTO0000148305

protein coding




e Goto ENSDARG00000102765

Gene-based displays
- Splice variants
-~ Transcript comparison
| L Gene alleles
= Sequence
L. Secondary Structure
& Comparative Genomics
| |- Genomic alignments
- Gane lree
- Gene gain/loss tree
- Orthologues
~ Paralogues
| = Ensembl protein families
& Ontologies
- GO: Cellular component
- GO: Biological process
| '~ GO: Molecular function
I Phenotypes
£ Genetic Variation
- Variant table

Gene: lonp1 ENSDARG00000102765

Description
Gene Synonyms

Location

About this gene
Transcripts

Summary @

Name

Ensembl version
Gene type
Annotation method

lon peptidase 1, mitochondrial [Source:ZFIN;Acc:ZDB-GENE-030131-4006 ]
fc64d11, prss15, wu:fc64d11

Chromosome 22: 3.160 447-3.182 965 reverse strand.
GRCz11:CM002906.2

This gene has 2 transcripts (splice variants), 190 orthologues and 1 paralogue.

Show transcript table

lonp1&? (ZFIN)
ENSDARG00000102765.2
Protein coding

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see arlicle,




e Goto ENSDARGO00000102765 and click on “Show transcripttable”

Gene-based displays
- Splice vanants
= Transcript comparison
- Gene alleles
& Sequence
L Secondary Structure
= Comparative Genomics
- Genomic alignments
L Gene tree
i~ Gene gainfloss tree
- Orthologues
k- Paralogues
| - Ensembl protein families
= Ontologies
- GO: Cellular component
- GO: Biological process
- GO: Molecular function
- Phenotypes
& Genetic Variation
- Variant table
i~ Variant image
L Structural variants
- Gene expression
- Pathway
k- Regutation
- External references
I Supporting evidence
& 1D History

Gene: lonp1 ENSDARG00000102765

Description lon peptidase 1, mitochondrial [Source:ZFINAcc:Z0DB-GENE-030131-4006 4
fcb4d11, prss15, wuifcb4d1t

Location Chromosome 22. 3,160,447-3,182 965 reverse strand
GRCz11:CM002906.2

This gene has 2 transcripts (solice varants), 190 orthologues and 1 pacalogue.

Hide transcript table

Gene Synonyms

About this gene
Transcripts

Showhdo comns (1 ier L

Transcript ID Name bp  Protein Biotype UniProt Match Flags
ENSDART00000158009.2 lonp1-201 4114 966aa | Protein coding  AOAOR4IH79¢%  Ensembl Canonical APPRIS P1

ENSDART00000167550.2 lonp1-202 741 = 247aa | Protein coding AOAORAIPWA®@ CDS 5 and 3' incomplete
Summary @
Name loopl1 & (ZFIN)
Ensembl version ENSDARG00000102765.2
Gene type Protein coding

Annotation method

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article,




e Goto ENSDARGO00000102765 and click on “Splice variants”

PROSITE pattemns
PROSITE profiles
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e Goto ENSDARGO00000102765 and click on “Orthologues”

O R,

LONPY (ENSCABGOO000010924) 7503%  7526%

(Chevonoids atingdond)  Vimw Gane Tree Comone Begons (PKMU01001122.1:170,198.
229,1871)

Viaw Sequerce ANMments

Alrican ostrich 1401 LONP1 (ENSSCUGOCO0004532) 80.69 % 7050 % [50] na Yos
(Struthio camolus
austraks) Yigw Gene Troe Comoare Regions (KL206174.1:174,870-201,335:1)
Yeaw Sequence Algnmensy
Algenian mouse 1-0-1 Lonpt (MGP_SPRETEL GRORG4) 7505 % 74.12% 0 wa No
(Mus spretus)
Vigw Geop Troe Compae Feonns (17:54.565,161.54.567,7791)

Yiaw Sequeace Algnments

Alpine marmot 140-1 LONPT (ENSMMMGO0000018854) 6280% 2% 0 na No
(Marmoty mamota
mamola) View Geon Tree Compare Regions (CZRNO1000089,1:3,499,006-

3,520,539:1)

Yirw Seguaace Algnmanty
Amazon molly 101 lonpt (ENSPEOCOO000001828) 5% TTA3% 0 85.71 Yes
(Poecia formosa)

Yigw Geoo Tree Comnne Beginns (KI520250,1,178.559-209,184:.1)

Viaw Seaueace AMQnments




e Goto ENSDARGO00000102765 andclick on “Paralogues”

Gene: lonp1 ENSDARG00000102765

Description lon peptdase 1, mitechandrial [Source: ZFIN Acc ZDB-GENE 0301314006 4}
Gene Synonyms 644 1Y, pras 15, wulcB4a11
Location Cheomosome 22: 3,160 447-3, 162 965 reverse strand

GRCzZ11:CM002906.2
About this geno This gene has 2 ranscripts (splce vaniants), 190 onholoques and 1 padpoGuLe
Transcripts

oo imitrsen o

Transcript 1D Name bp  Protein  Blotype UniProt Match Flags
ENSDARTO00O0158009 2 lonp1-201 4114 G686 | Protein coding  AUADRAINIS® Ensembl Canocnkal “APPRIS PY

ENSDARTO0000167550.2 lonp1-202 741 247a3 | Protein coding ADAQRAIPWE S CDS 5 and ¥ incomplote

Paralogues @

. T <am A2 N | s SMEL 1A
Paraiogues Bdateral animals ENSDABGO0000 101438 * Ragon Compansen 1818 475 574-18 524 624 -1 3631% 3N57T%
(M) o Ngremwrd (protewr

long2 o Asgrevant (cONA)
lon peptdase 2. peraxsomad {Source NCBY
Perm Acc AN




e Goto ENSDARG00000102765 and click on “GO: Molecular function”

GO: Molecular function @
| .
Accession Tarm Evidence Annotation source Transcript IDs
Leln Rk T nuclaotide binding IEA, UniProt ENSDARTON000 158009 « Search BloMan
= Vigw on karyobpds
GO O00IETT i DMA binding IEA UniFrot ENSDARTO00001 58005 + Search BloMart
« Viiw on Karyohyps
GOL000368T &8 single-stranded DNA binding IBA GO_Central MSDART 15 + Search BioMary
= Vigw on karyobyps
GO00041 76 o2 ATP-dependent peptidase activity IBA GO_Central ENSDARTO00001GTH50 » Search BioMart
EMNEDARTONO0015800% « View on Kar
GO0005524 o ATP binding IEA UniFrot MESDART 1 + Search BioMari
B “BT + View on karyoiype
GO001688T i ATP hydrolysis activity IEA UniProt ENSDARTOO0001 58009 » Search BicMar
ENSDARTOO00016T550 « View on karyohves
GO:0043565 07 sequence-specific DNA binding IEA UniProt MNSDART 1 « Search Biokan
« Wiew on Kanobvos




e Goto ENSDARG00000102765 and click on “External references”

External references @

This gene corresponds to the following database identifiers:

Expre
NCBI gene (formerly Entrezgene)
WikiGene

ZFIN

fonp1&
lon peptidase 1, mitochondrial [view all locations]

lonp1&@
lon peptidase 1, mitochondrial [view all locations]

lonpi &
lon peptidase 1, mitochondrial [view ail locations)




e From “External references” click “Expression Atlas” ID then “18 White et al”

= White RJ, Collins JE, Sealy IM, Wali N, Docley CM et al. {2017) A high-resolufion mRNA expression time course of embryonic development in zebrafish.

Raw Data Provider: Vertebrate Genetics and Genomics Group (Wellcome Trust Sanger Institute)

Results. Experiment Design Supplementary Information Downloads

Genes Show boxplot and transcripts view
Showing 1 gene: @ Ersernbl genome browser » @ Download

ENSDARGDO0O002ZTES X

Click on a cell 1o open the selected ganome browsar with attached tracks if available

Expréssion level in TPM

Apply Clear , fgn @‘f
B Most specific o ‘ﬁ “#‘ f r f

&"’
Expression value c‘df d’y e"}& e"f “fé "S? cg‘f ,,ﬁ" _g*f ﬁ & (?F Jfﬁ

o _-




e Compara - produce Ensembl’'s comparative genomics resources

e Two types of analysis:
o Genelevel comparisonsto produce gene trees, e.g. inferhomologues (orthologues &
paralogues)
o Wholegenome alignments - pairwise and multiple alignments, e.g. constrained elements and
synteny



e Separate trees for proteins and ncRNAs (take secondary structure into
account)

e Process:
Take representative transcripts (e.g. longest CDS) from all genes from all species

O O O O

O

Classify genes into clusters by TreeFam family

Build multiple alignment

Build gene tree reconciled with NCBI's taxonomy tree
Infer orthologues and paralogues




. Speciation
. DupllEﬂtlDl‘l

c -

z1 & z2 are paralogues (arose from duplication), as
arec1 &c2

z1 & c1 are orthologues (arose from speciation), as
arez2 & c2+ 22 & g, etc...

z1 & ¢1 have a one-to-one relationship
g has a one-to-many relationship to e.g. z1 and z2

Homologues labelled “high confidence” are
supported by conservation of synteny or whole
genome alignment blocks



« Bdateral arimals: 224 bamolags

- s aless vertsbrates: 2 homologs

— ._-d Characiphysae: 4 homologs
1 < Cyprininae: 4 homologs
lenpl, Zabrafish
. Herringd and anchewies: 2 hemologs
, 41_' ] Bermytongues: 2 homslegs
—a 1

—_—— Bony verimbrates: 3 homologs

-l -

& bengl, Elepham thark

B Cizna sea squints: I homolbogs
& Lo, Drosophila melanogaster

g lenp-l, C rhabdisiy elegars [PRIMALITSE)

0 PIML, Sacchammyoes Cenevisiae

Mini-exercise: Go to lonp1 gene tree and expand/collapse subtrees to show both paralogs



Due to an apparent production issue, many fewer genes in release 110 have
ZFIN names

23,328 genes in release 109 have ZFIN names, but only 15,924 now
Meanwhile, only 164 genes in 109 had HGNC names, but now 3,113 do
(308 genes have names from miRBase in both 109 and 110)

Expect fix, but not until next release at the earliest (i.e. 3 or 4 months)
Affects all types of protein-coding genes, but a particular problem for
paralogs...



Teleost-specific paralogs are normally called a and b, e.g. kdm2aa and kdmZ2ab
Paralogs for kdmZ2aa in Ensembl release 109:

Type Ancestral taxonomy Ensembl identifier & gene Compare Location Target _ Query
name %id %id
Paralogues Osteoglossocephalai ENSDARG00000078133 + Region Comparison ~ 14:21,754,521-21,782,227:1 52.40 % 53.62 %
« Alignment (protein)
kdm2ab » Alignment (cDNA)
lysine (K}-specific demethylase 2Ab
[Source:ZFIN;Acc:ZDB-GENE-101007-
5]
Ancient paralogues  Animals and Fungi ENSDARG00000046010 + Region Comparison  10:41,826,331-41,907,213:-1 4270 % 43.32 %
(Opisthokenta) « Alignment (protein)
kdm2bb « Alignment (cDNA)
lysine (K)-specific demethylase 2Bb
[Source:ZFIN;Acc:ZDB-GENE-080225-
13]
Ancient paralogues ~ Animals and Fungi ENSDARG00000036593 « Region Comparison  8:40,238 647-40,276,193:-1 29.45 % 2093 %
(Opisthokonta) « Alignment (protein)
kdm2ba s Alignment (cDNA)
lysine (K}-specific demethylase 2Ba
[Source:ZFIN Acc:ZDB-GENE-040428-
2195]
Ancient paralogues  Animals and Fungi ENSDARG00000018559 » Region Compari 25:17,244,532-17,310,301:1 22.20 % 16.43 %
(Opisthokonta) © AT (I )
kdm7ab « Alignment (cDNA)
lysine (K}-specific demethylase 7Ab
[Source:NCBI gene;Acc:503902]
Ancient paralogues  Animals and Fungi ENSDARG00000006584 « Region Comparison ~ 23:27,591,366-27,608,257:-1 20.74 % 17.23%
(Opisthokonta) « Alignment (protein)
phf8 « Alignment (cDNA)
PHD finger protein 8 [Source:NCBI
gene;Acc:566534]




Teleost-specific paralogs are normally called a and b, e.g. kdm2aa and kdm2ab
Paralogs for kdm2aa in Ensembl release 110:

3
Show/hide columns i
Type Ancestral taxonomy Ensembl identifier & gene name Compare Location Target %id ¥ Query %id
Paralogues Osteoglossocephalai ENSDARG00000078133 + Region 14:21,754,5621-21,782,227:1 55.07 % 56.36 %
Comparison
KDM2A « Alignment
lysine demethylase 2A [Source:HGNC (protein)
Symbol-Acc: HGNC:13606] = Alignment (CDNA)
Ancient ENSDARG00000046010 + Region 10:41,826,331-41,907,213:-1 4222 % 42.83 %
paralogues Comparison
KDM2B « Alignment
lysine demethylase 2B [Source:HGNG (pTBIEi")
Symbol:Acc:HGNC:12610] + Alignment (cDNA)
Ancient Animals and Fungi ENSDARG00000036593 « Region 8:40,238,647-40,276,193:-1 29.33 % 20.85 %
paralogues (Opisthokonta) Comparison
kdm2ba * Alignment
lysine (K)-specific demethylase 2Ba (protem)
[Source ZFIN;Acc. ZDB-GENE-040426-2195] = Alignment (cDNA)
Ancient Animals and Fungi ENSDARG00000018559 + Region 25:17,244,5632-17,310,301:1 21.65% 16.02 %
paralogues (Opisthokonta) Comparison
................................. H « Algnment
lysine (K)-specific demethylase 7Ab (p_mteln)
[Source:ZFIN;Acc:ZDB-GENE-050309-32] RN DI RELS
Ancient Animals and Fungi ENSDARG00000006584 + Region 23:27,591,366-27,608,257:-1 20.64 % 1715 %
paralogues (Opisthokonta) Comparison
phf8 . A\lgnmeﬂt
PHD finger protein 8 [Source:NCBI gene (protein)
(formerly Entrezgene);Acc:566534] + Alignment (cDNA)




Teleost-specific paralogs are normally called a and b, e.g. kdm2aa and kdm2ab
Paralogs for kdm2aa in Ensembl release 110:

Frin
Show/hide columns
Type Ancestral taxonomy Ensembl identifier & gene name Compare Location Target %id ¥ Query %id
Paralogues Osteoglossocephalai ENSDARG00000078133 « Region 14:21,754,521-21,782,227:1 55.07 % 56.36 %
Comparison
KDMZA + Alignment
lysine demethylase 2A [Source'HGNC (p.rotein)
Symbol:Acc HGNG 12606] + Alignment (cDNA)
Ancient Animals and Fungi ENSDARG00000046010 + Region 10:41,826,331-41,907,213:-1 4222 % 42.83 %
paralogues (Opisthokenta) CempaET
KDM2B + Alignment
lysine demethylase 2B [Source:HGNC (protein)
Symbol:Ace:HGNC:12610] + Alignment (cDNA)

Threeproblems:

- Makesitunclearthat a geneis a paralog -
- Violates nomenclature rules Zebrafish shha Shha
- Breaks linkto ZFIN genes Human SHH SHH

Mouse Shh SHH



Accessing previous release:

Variant table
E Variant image
Structural variants
Gene expression
Pathway
Molecular interactions
Regulation
External references
Supporting evidence
= ID History
 Gene history

¥ Configure this page

1N Cusiom racks

i Export data

= Share this page

B+ Bookmark this page

Name
Ensembl version

Gene type
Annotation method

slc24a5 5 (ZFIN)
ENSDARGO0000024771.8

Protein coding

Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.

Go to Region in Detail for more tracks and ig:

options (e.g.

g}

4 Reset configuration

5.205Mb

< golimda-203 - ENSDART00000183109
protein coding

5.210Mb

5.215Mb

slc24a5-201 - ENSDARTO0000033574 =

protein coding

5.220Mb

5.225Mb 5.230Mb

- E
< ryef2-201 - ENSDARTO000008.

—iAt—u
< myef2-203 - ENSDARTO000009

5.235Mb

protein coding

protein coding

— it
< myef2-202 - ENSDART000000)
protein coding

5.205Mb, 5.210Mb 5.215Mb 5.220Mb 5.225Mb 5.230Mb 5.235Mb
—~a- Reverse strand 34.08 kb
Gene Legend
Protein Coding
Il Ersembl protein coding
I merged Ensembl/Havana
€ configuring the display
Tip: use the "Configure this page” link on the left to show additional data in this region.
Ensembl release 110 - July 2023 ® EMBL-EBI Permanent link4
About Us Get help Our sister sites Follow us
Lot L Lzing thi Yolhid Lozambl Dactaria Dlog




Accessing previousrele

Variant table
E Variant image
Structural variants
Gene expression
Pathway
Molecular interactions
Regulation
External references

Name
Ensembl version

Gene type
Annotation method

Search
B Help topics

Frequently Asked Questions
Video Tutorials

Glossary

Contact HelpDesk

Ensembl 109: Feb 2023 (GRCz11)
Ensembl 108: Oct 2022 (GRCz11)
Ensembl 107: Jul 2022 (GRCz11)
Ensembl 106: Apr 2022 (GRCz11)

a « View in archive s

The following archives are available for this page:

Supporting evidence —_— . )
B D History =v =, CCieETc e e Ensembl 105 Dec 2021 (GRCz11)
Gene history
y e Ensembl 104: May 2021 (GRCz11)
® Ensembl 103 Feb 2021 (GRCz11) 4 strand
1N Cusiom racks == =
s.204 & Ensembl 102: Nov 2020 (GRCz11) 523080 52351
- Genes
L) EpmiEs ' IComprehensive set) e Ensembl 101: Aug 2020 (GRCz11)
o S elifeEre — ® Ensembl 100: Apr 2020 (GRCz11) - patched/updated gene set Apr 2018 e — m—r
R Bookmark his page arsive set) RSl E e Ensembl 99: Jan 2020 (GRGCz11) < myef2-201 - ENSDARTO000008
* Ensembl 96: Sep 2019 (GRCz11) <2203 EnsDARTID000%S
rotein codin
e Ensembl 97: Jul 2019 (GRCz11) e
e Ensembl 96: Apr 2019 (GRCz11) o 2 g FSDARTOO0000
— SZS(tL e Ensembl 95: Jan 2019 (GRCZ“} 5.230Mb 5.235Mb
- Reverss _—
& Ensembl 94: Oct 2018 (GRCz11) - patched/updated gene st Apr 2018
d
e taoen orotein Cod e Ensembl §3: Jul 2018 (GRCz11) - patched/updated gene set Jan 2018
: Ensemb ® Ensembl 80: May 2015 (GRCz10) - gene set updated May 2015
merged
" o Ensembl 77: Oct 2014 (Zv9)
© configuring the display e Ensembl 75: Feb 2014 (Zv9) - patched/updated gene set Feb 2014
Tip: use the "Configure this page” li e Ensembl 54: May 2009 (Zv8) - gene set updated Apr 2009
More information about the Ensembl archives -
Ensembl release 110 - July 2023 @ EMBL-E}
About Us Our sister sites Follow us
bout 1 Losanbl Dactaris Dloo




Accessing previous release:

Login/Register
' Help & Docs ' Blog &)~ Search all species....

Using this website ~ Annotation and prediction Data access APl & software ~ About us

BLAST/BLAT | VEP | Tools | BioMart | Downloads

In this section * Help & Documentation
B Using this website
Control Panel Help & Documentation
Find a Data Display
Adding Custom Tracks
Track Hubs
Tuterials Using_this website Annotation & Prediction
Glossary
RO VEers Our website offers lots of ways to view and interact with our genomic data - find The Ensembl project produces genome databases for
w e out more! vertebrates and other eukaryotic species, and makes this
& stesierrs. Prediction information freely available online.
Ensembl Stable IDs ® Adding custom tracks
- Variation . » Ensembl annotation
I~ Comparative Genomics @ Tutorials D
I Regulation o Glossary ® Variation data
= Mi i =essan . .
- &A;ri:rraa:gl;’robe Happing ® FAQs (Frequently Asked Questions) ¢ Comparative. gienorﬁlcs
" Ensembl annotation ® Regulatory annotation
B Accessing Ensembl Data More...
|- Exporting data via website More...
I~ API data access
I Public MySQL Server
I- FTP Download
- BioMart Data access API & Software
- Virtual Machine
= API & Software All of our data is open-access and can be downloaded free of — Ensembl releases all its software under an Apache-style " POWERED BY _
Ensembl Tools charge (disclaimer). Ways to access this data include: open source licence. Our products include: ur,;- .
API| Documentation . ) PE RI. N
Doxygen Perl documentation ® Export features or sequence directly from web pages ® Perl AP| for direct data access
DAS (Distributed Annotation Syst & Cxtcact data from o cublic datobaco ncing Paorl int s DCCST D carvarforlonguag ti




Accessing previous

Using this website

In this section

Search documentation...

Annotation and prediction

release:

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Data access API & software About us

. ] Help & Documentation Using this website Archives

L Archives: Table of assemblies

Ensembl Archives

About Archive Ensembl

The main Ensembl site (www.ensembl.org) and the mirror sites are
updated with the latest data approximately every three months. We
maintain the Ensembl Archive sites so that there are stable links to data
from a particular release. As of December 2016 these will be available for
five years, together with the following longer term archives:

.o'\\le:f

4]
bl

& 0
/:91\\:)

ad

& Annotation on the human NCBI36 assembly is available at our Ensembl
54 archive i site.

# Annotation on the mouse NCEIm37 assembly is available at our
Ensembl 67 archive site.

® As from August 2014 we are supporting the human GRCh37 assembly at our dedicated
GRCh37 human @ site. Unlike the other Ensembl archive sites, this will be updated to the
latest web interface every Ensembl release and there may be occasional data updates to
human.

Archived databases are also maintained for at least 10 years. More information is available from
our MySQL database documentation. We also maintain data archives from 2004 available from
our FTP site&.

L. m i 1 tbo L LllloloDocl

Login/Register

&) - Search all species. .. Q

List of currently available archives

# Ensembl GRCh37 & Full Feb 2014 archive with BLAST, VEP
and BioMart

« Ensembl 110: Jul 2023 #7 - this site

e« Ensemb 8. Oct 2022 &
« Ensembl 107: Jul 2022
o Ensembl 106: Apr 2022 &
o Ensembl 105: Dec 2021 &

# Ensembl 104: May 2021
« Ensembl 103: Feb 2021 g7
o Ensembl 102: Nov 2020 &
e Ensembl 101: Aug 20202
e Ensembl 100: Apr 202067




Pairwise whole genome alignments with LASTZ

Zebrafish has alignments to 64 species (plus itself)

Only human (180) and medaka (65) have more

Full list at: www.ensembl.org/info/genome/compara/analyses.html

Multiple genome alignments with EPO (Enredo, Pecan, Ortheus)

Zebrafish is in 2 alignments (out of 11 in Ensembl) - one of 39 fish and one of
65 fish

For lists of species, see:
www.ensembl.org/info/genome/compara/multiple_genome_alignments.html



https://www.ensembl.org/info/genome/compara/analyses.html
https://www.ensembl.org/info/genome/compara/multiple_genome_alignments.html

e No zebrafish orthologue listed for human RBM20 gene (ENSG00000203867)

0 Species without orthologues

22 species are not shown in the table above because they don't have any orthologue with ENSG00000203867.

® Ancestral sequence

e Siamese fighting fish (Betta splendens)
e Sioth (Choloepus hoffmanni)

e Channel bull blenny (Cottoperca gobio)
e Lumpfish (Cyclopterus lumpus)

® Tongue sole (Cynoglossus semilaevis)
o Common carp (Cyprinus carpio carpio)

Q Zebrafish (Danio ren'ob




e If welook at the region around RBM20 in human and then click on Synteny
we see conservation of synteny with zebrafish chr22

'Homo sapiens genes Location Danio rerio homologues ~ Location -
DUSP5 (ENSG00000138166) 10:110497907-110511533 dusp5 (ENSDARG00000019307) 22:29911326-29922872 Region
Comparison
SMC3 (ENSG00000108055) 10:110567684-110606048 smc3 (ENSDARG00000019000) 22:29 -29906764 Region
Comparison
RBM20 (ENSG00000203867) 10:110644336-110839468 No homologues
PDCD4 (ENSG00000150593) 10:110871795-110900006 pdcddb (ENSDARGO00000041022) 1-296 1 Region
ngggr@on
BBIP1 (ENSG00000214413) 10:110898730-110919201 bbip1 (ENSDARG00000071046) 22:29648854-29652356 Region
Comparison
SHOC2 (ENSG00000108061) 10:110919367-111017307 shoc2 (ENSDARG00000040853) 22 6-29640181 Region
Comparison
ADRA2A (ENSG00000150594) 10:111077029-111080907 adra2a (ENSDARG00000040841)  22:29584800-29586608 Region

Comparison




e If welook at the chr22 region in zebrafish then all the surrounding genes are

the same and RBM20 is likely to be BX649294.1

Contigs
Genes (Merged
|EnsemblHavana)

=
L Mb

DUSPS (ENSG00000138166)
SMC3 (ENSG00000108055)

RBM20 (ENSG00000203867)
PDCD4 (ENSG00000150593)

BBIP1 (ENSGO0000214413)
SHOC2 (ENSGO00000108061)

ADRA2A (ENSGO0000150594)

10:110497907- 110511533

10:1106442336-110839468
10:110871795-110900006

10:110898730-110919201

1 1 7-11101 7

10:111077029-111080907

duspS (ENSDARGO00000019307)

smc3 (ENSDARG00000019000)

No homologues
pdod4b (ENSDARG00000041022)

bbip1 (ENSDARGO0000071046)
shoc2 (ENSDARGO0000040853)

adra2a (ENSDARGO0000040841)

Cocation”
22.29911326-20022872

22:29858335-20000764

22:29655981-29689981
22:29648854.20652355
22:29506646-20640181

22:29584800-29586608

Reaien
Comparison

Region
Comparison

Region
Comoarison
Region
Comparison
Region
Comparison
Reglon
Comoanson




e Erroneously labelled as processed transcript and so not in protein gene tree,
so not labelled as orthologue or named by orthology

Name

Ensembl version
Gene type
Annotation method

Contigs
Genes (Merged
EnsemblMavans)

‘='--_3: Go to Reglon In Detail for more tracks and navigation options (e.g. zooming)

BX649294.1 (Clone-based (Ensembdl) gene)

ENSDARGO0000092881 3

Processed transcript

Annctation for this gens includes both automatic annotation from Ensembl and Havana manual curation, see aricie

Custom tracks | «§ Shace | (B Reswe image | (@) Exportimage | € Reset configuraton | Bb Reset track order
16168 kb Forward strand -
297000 2975w 29. 73000 29775 79 S00Mb 9 823m
I e ——————————StgaNe?s |
BT t—
< pdcda-202 - ENSDARTO0000182173 < BX649294 1-201 - ENSDARTOO0001 35503
protein coding processed transcrpt
1
< pdcdab-201 - ENSDART 00000009223
protein coding
—

< BX649294 1-204 - ENSDARTO0000180697
processed transcript

< BX649294 1-203 - ENSDARTO0000125017
processed transcript

< BX649294 1-202 - ENSDARTO0000190613
processed transcript

_ 297000 292 2WT0M6 . 29775Mb 29 500Mb 9 825M




e Do Exercise 2 - “exploring genes

e Covers:

o Geneview
Phenotypes
Gene Ontology
Homologues
Genetrees
Synteny

e Goto mbl2023.buschlab.org

0 O O O O

n


https://mbl2023.buschlab.org/

Login/Register

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

<= Zebrafish (GRCz11) v

Location: 18:5,213,338-5,227,420 Gene: slc24a5 Transcript: slc24a5-201 Jobs ¥

Gene-based displays

- Summary Gene: slc24a5 ENSDARG00000024771
Splice variants
Transcript comparison Description solute carrier family 24 member 5 [Source:ZFIN;Acc:ZDB-GENE-031210-1#
Gene alleles
B Sequence Location Chromosome 18: 5,213,338-5,227,420 forward strand.
L Secondary Structure GRCz11:CM002902.2
B Comparative Genomics About this gene This gene has 1 transcript (splice variant), 209 orthologues, 8 paralogues and is associated with 22 phenotypes.

Genomic alignments

Gene tree Transcripts Hide transcript table
Gene gain/loss tree

Orthologues
3
Paralogues Show/hide columns (1 hidden) [Fiter |
B Ontologies
GO: Molecular function Transcript ID Name bp Protein Biotype UniProt Match Flags
GO: Cellular component ENSDART00000033574.6 | slc24a5-201 2003  513aa || Protein coding ~ BOV3S7#& Ensembl Canonical APPRIS P1
GO: Biological process
- Phenotypes
= Genetic Variation Summary 7]
Variant table
Variant image Name slc24a5e (ZFIN)
Structural variants )
I Gene expression Ensembl version ENSDARG00000024771.8
- Pathway Gene type Protein coding

- Molecular interactions X ) ) ) . ) ) )
- Regulation Annotation method Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.




Switching on additional tracks
Gene view

Comparative genomics

Learning outcomes:

o Customise Ensembl tracks for your needs

o Navigate geneview to find splice variants, exon tables, external data, etc
o ldentify orthologs and paralogs

Any questions?
Email me any questions that you think of later: e.busch-nentwich@qgmul.ac.uk



BioMart
Other tools
Custom tracks

Before we start: Any questions from yesterday?



e Export (large amounts of) Ensembl data without programming
e Completely customisable, but simple to make complex queries

e Four stages:
o Dataset
o Filters
o Attributes
o Results

Dataset [« CHOOSE DATABASE - ~|
[Mone selected]




e Choose database (e.g. genes or variants) and species

Zebrafish genes (GRC:

|~ CHOOSE DATASET -

X i x S
Dataset [Ensembl Genes 107 |
[None selected] - CHOOSE DATASET - -

' Chicken (maternal Broiler) genes (bGalGal1.mat.broiler. GRCg7b)
Human genes (GRCh38.p13)
Mouse genes (GRCm39)
Rat genes (mRatBN7.2)

G 11)

' Abingdon island giant tortoise genes (ASM359739v1)
- African ostrich genes (ASM69896v1)

' Algerian mouse genes (SPRET_EiJ_v1)

' Alpaca genes (vicPac1)

' Alpine marmot genes (marMar2.1)

Amazon molly genes (Poecilia_formosa-5.1.2)

' American bison genes (Bison_UMD1.0)

American black bear genes (ASM334442v1)

' American mink genes (NNQGG.v01)

' Arabian camel genes (CamDro2)

- Arctic ground squirrel genes (ASM342692v1)

- Argentine black and white tegu genes (HLtupMer3)

| Armadillo genes (Dasnov3.0) -




e Filter to reduce the dataset
e Can select multiple filters

e e.g.regions, IDs, GO terms, etc...

| © tew | @ Count | W Rosuts | [ ume | Bxm | T Pert | @ Hoip
Datasst U Transcripl count ==
Zobrafish gones (GRCz11) 8 Transcript count <= - :
Filtors = e
Chromesomelseafiold: 22 Gene lype -
Start: 3000000 |processed_panudogona
End: 4000000 _trariecript I
Transceipt count <=: 1 %
Gene type: probein_coding -
i antisersn e
Gone stabilo D O Transcript type I6_E.gen
‘Gena stable 1D version I6_G_pseudogens I
Transcript stable 1D 1G_J_paoudogene
Transcript stable 10 version 1G_grimaioguney
G _peiudogandg -
Datasat O Sowce (gene) [onsemed —— +|
[None Selacted) T Souwrce (ranscript) ot -
[ APPRIS annatation ® Only




e What data to export
e e.g. IDs, genomic locations, sequences, homologues, etc...

O L B 2

" Features
) Struetures

Please salect columns to be Included in the output and hit 'Results’ when ready
Missing non coding genes in your mart quary output, please check the following FAQ

) Variant {Germiing)
L Sequences

' Homologues (Max select & orthologues)

& GENE:
Ensembl
B Gens stable 1D
[ Gena stabde 10 version
[ Transcript stable 1D
O Transcript stable 1D version
[ Profein stable 1D
O Profein stable ID wersion
[ Exon stable 1D
) Gty dhizscripiticnn
B Chromasorm/scaflold narme
B Gene start (bp)
B G e (bph
B Strand
] Karyatype band

B APPRIS annotation
CJEnsembl Cananical
CReadihrough

B Gane nami

B Scurce of gong rnamis
O Tramseript namie

[ Source of transcrigd nameg
O Teaneseript count
CIGane % GC content
ClGene type

O Transeript type
CSource (gene)

) Source (frangenpl)




e Access your selected data in multiple formats
e e.g. HTML, TSV, CSV, XLS

New | B Count § B Results

Dataset 6 / 37241 Genes
Zebrafish genes (GRCz11)
Chromosome/scaffold: 22
Start: 3000000

End: 4000000
Transcript count <=: 1

Gene stable ID

Gene name

Source of gene name
APPRIS annotation
Chromosome/scaffold name
Gene start (bp)

Gene end (bp)

Strand

Export all results to

[File v|[TSV | [J Unique results only

'HTML
Email notification to csv
View (10 ~]rows as [HTML v} O Unique re XSy
Gene stable ID Gene name Source of gene name APPRIS annotation | Chromosome/scaffold name | Gene start (bp) | Gene end (bp) | Strand
ENSDARG00000103139 | LOO17843.1 Clone-based (Ensembl) gene | principall 22 3045495 078347 1
ENSDARG00000100132 | CU928402.1 Clone-based (Ensembl) gene | principall 22 3232925 3234494 1
ENSDARG00000100533 [ si:ch1073-178p5.3 | ZFIN pringipalt 22 3238474 3239834 1
ENSDARG00000110077 | CL928402.2 Clone-based (Ensembl) gene | principal 22 3244950 3271707 1
ENSDARG00000053074 | gipcd ZFIN principall 22 3303671 3328241 1
N R 0104717 | bxadr ZFIN poncipall 22 3336723 3344613 -1




e Do Exercise 3 - “CRISPR design”
e Covers:

o Using BioMartto download sequence
o Designingand checking guideRNAs

e Goto mbl2023.buschlab.org



https://mbl2023.buschlab.org/

In this section
5 Ensembl Variant Effect Predictor

VEF sl nilertace

nand bne

Varlant Slmutator
VCF to PED Converter

Search socwmearacon (8

" Metp A Docomentation AP & Sofrware Erserts Tools

Ensembl Tools

We provice 3 numar of roady-made 100l v Drocessing SO our data and yours. We rostinaly dolete resua froms Sur servers 3%or 10 days, But # you have an cogamblt accos you wil be able 10

e U0 rordts Indotevialy

Processing your data

‘Ie!”

Variam Recodes

BLASTRLAY
File Crumedson
Assenbly Converter

1D Hissory Convarer

Linkage Disequithrium Caiculator

VCF to PED converter

Dats Sticer

Post-OWAS

mm»muwwsuhmm VEP) kol

Transiote » varant kientler, nsvsmumsmmnu
posstie viriant 1Ds, HGVS, VCF format and gencmic SPOC

Search our panommes ¢ your DINA or proten sequance.

Comvert Ensemtt Sas for use with ofhwr snadysis ool

Mag (Mhower ) your date's COONINates 10 e Current assermbly.
Comvert a set of Ensemed IDs bom o previous feloase nio Tor cument
oqutvilents

Caiaite LD betwean vararts using gonolypas Hom & selacied popdation

Dnodhum-n*whw.dtm
rforraton fle, which logether may be laded Nt K visuakzaton ook ke
Hagiovew.

Get & subdat of data rom & BAM or VCF fle.

Upload GWAS summary statstics and highiont Bty causal gene
candidates

Y

A G P B P S0 SN

e Results fromalltools can be storedindefinitely if you create an Ensembl account




VEP predicts consequences of variants
www.ensembl.org/Danio_rerio/Tools/VEP

Example:

22 3169475 3169475 G/T 1

22 3169514 3169514 A/T 1

22 3166910 3166910 C/A 1

(Chr, Start, End, REF/ALT, Strand)

Custom Ensembl format, but standard formats like VCF can be used


https://www.ensembl.org/Danio_rerio/Tools/VEP

Categary Count [ Consoquencas (sil) Coding consequences 1
s procassed 3
Wariants filered oul U]
ool [ auiating varants - & siop_gained: 33%
Cveriappesd gones 1 O missecss_vanans 3% ® siog_ganed: 50%
Creatamed 2 & intron_sasiant: 17% © eessene_variael 5%
® iphon_coaptor_varant 17%
Crpetagpd raguisiony lasturs -
L o
Results praview
> Havigation fper varian) Q Fitars thy Downioad =
Page: =< 1001 = = | Show:]Alvariants | Uplosded variant | [is w| |setred | I A WCF YEP IXT
BioMart: ‘Variants Gonos &
Ilsmhdu oolumns {18 hidden)
IT_F16E910_CA TEFECHI0-I166010 A | sptica_pccaptor_variant long ENSDARGIOMITITES ENSDARTOQO00N53000.2 probein_odding - - - - - Pl -
22_MSSSI0_CIA ZEESSI0-IEEIN A |intron_variart lanp ENSOARGOOI010276S ENSDARTO000067550.2 probein_coding - . . - - . .
NS GT 1M TE-JVBRTE T | stop_gained lanp ENSDARGHMNOINITES ENSDARTNNNNISH005 2 probsin_coding 1555 (LI 558 Lo TACTAA  P1 -
T2_NEMTE T ZIIGMTEGNTS T | st _gainea lonp ENTOARCIHNHINETGS ENGDARTINNNMIGTSE0D probein_coding 405 s 135 r TAGTAA - =
22_AMBSN_AT  ZZAESS14IESSNS T | misserse_variant lenp ENSOARGOIOI0ITES ENSOARTH0000USA000 protsin_coding 1848 1832 545 R AGTIAGA P e
T2_FERS_AT LENEES14-3160514 T | IS vaian] long ENSDARGIHMOINITES ENGDARTINIGTS5D probein_coding 358 g 12 AR AGTIAGA, - L]




e Do Exercise 4 - “exploring variation”
e Covers:

o Variant nomenclature
o Variant Effect Predictor
o Variant tables

e Goto mbl2023.buschlab.org



https://mbl2023.buschlab.org/

Assembly Converter allows converting coordinates from one assembly to
another

Also known as LiftOver

e.g. used for converting coordinates found in old papers
www.ensembl.org/Danio_rerio/Tools/AssemblyConverter

Example:

22 3144711 3144711 sa39354

22 3145013 3145013 sad43743

(Chr, Start, End, Name)

BED format: www.ensembl.org/info/website/upload/bed.html
(Only first three fields are essential)



https://www.ensembl.org/Danio_rerio/Tools/AssemblyConverter
https://www.ensembl.org/info/website/upload/bed.html

Assembly Converter @

This onkne tool currently uses CrossMapd, which supports a limited number of formats (see our online documentation for detals of the individyal data formats listed below). CrossMap also discards
meladata in Bes, 5o track defintions, elc, will be lost on conversion

Spocies: | Zebrafish (Danio rerio) v
Assembly mapping: [cacno -> GRCz1 VI
Name for this job (optional):

Input file format:

Either paste data:

Or upload fite: No fil chosen

Or provide file URL:




Assembly Converter @

This onkne tool currently use
meladata in Mes, 50 track de|

Species:

Assombly mapping:

Name for this job (optiond

Input file format:

Either paste data:

Input:

22 3144711 3144711
22 3145013 3145013

Output:

22 3161984 3161984
22 3162286 3162286

sa39354
sad3743

sa39354
sad3743

Or upload file:

Or provide file URL:

ROV

CrossMap also discards




e Fast search for possible products from a pair of PCR primers
e dgenome.ucsc.edu/cgi-bin/hgPcr



https://genome.ucsc.edu/cgi-bin/hgPcr

e [ast searc

e genome.uq

UCSC In-Silico PCR

Genome:; Assembly: Forward Primer; Reverse Primer;
[ Znbrafish | |May 2017 (GRCz11/danRertl) ~| |CCCGGGGAGCAGTTIGA| [TGGGIGGAGTAGGTCIG] | submit |
Max Product Size: Min Perfect Match: |15 Min Good Match: (15 | Flip Reverse Primer; [

About In-Silico PCR

In-Silice PCR searches a sequence database with a pair of PCR pAmers, using an indexing stralegy for fas! performanss,
Sea an example yideg on our YouTube channel.

Configuration Options

Genome and Assembly - The sequence database to search,

Target - If available, choose to query ranscribed sequences,

Forward Primer - Must be at least 15 bases in length.

Reverse Primer - On the opposite strand from the forward primer. Minimum length of 15 bases.

Max Product Size - Maximum size of amplified region,

Min Parfect Match - Number of bases that match exactly on 3' end of primers. Minimum match size s 15.
Min Good Match - Mumber of bases on 3" end of primers where at least 2 out of 3 bases match.

Flip Reverse Primer - Invert the sequence order of the reverse primer and complement it.

Output

‘When successful, the search returns a sequence output file in fasia format containing all sequence in the database that lie
between and include the primer pair. The fasta header describes the region in the database and the primers. The fasta body
iz capitalized in areas where the primer sequence matches the database sequence and in lower-case elsewhere, Here s an
example from human:

=Chr22:31800551+31001008 TAACAGATTGATGATGCATGARATGEG COCATRAGTGGCTCCTARAGLAGITLD
TeACAGATTGATGATGCATGARATGGG000 tOOCEa0099 tHI9a0ataa



https://genome.ucsc.edu/cgi-bin/hgPcr

e Fast search forp

° genome.ucsc.edll

UCSC In-Silico PCR

. 798bp CCCGGGGAGCAGTTTGAT CGTTGGGTGGAGTAGGTCTG

>chrld KZ115440v] alt:182433:-183230
CCCGGGGAGCAGTTTGATcaccttgetggaggtaagcactaaatccctet
tgattasattgeatgetgetttcataactagatttgcaagagtttgeaty
tgcataaaaatgctgacatttaaataagtaataaatgtgttatgataaat
gtgatattttagcgtcctcttcatttasatatasagttatacatgogtgga
gttatttgaataatgtgtataaataatattgcatcgatgtasagtaaaaa
tatcatttasattaaagctgacagcagttaatatggagtcactgtaaaag
ctaaggaatgaatgaagcatttaagagaatagettcattttaaaacccag
cttttcagtcttttaaagtgcattttgaataaatttaagctgtgcaaatg
tgaaaaagggatcaggatgtoagtaaggataaagagactgtcgagagaaa
tgcacatgtagatggttaagcttgegetggetettgtctctgaggaagat
cggcaaatgtgtotgcgtgtgtgtgtgtatototggtttggtggggggta
ccctttgegetecatcageacctgetgetetgtctgagattgtgggaaaa
cagagtctcgacagecageaggaccccccaaatasatcacctetggaate
atttatatgcactaaaataactgagttaacaagtcatgcaatagtttcta
acccactctctttctgtgtttgtgettgettttgcagatacgetttcaga
aatttccatggagaaacctetgtcagat CAGACCTACTCCACCCAACG

>chrld;21334984-2133578]1 798bp CCCGGGGAGCAGTTTGAT CGTTGGGTGGAGTAGGTCTG

CCCGGGGAGCAGTTTGATcaccttgetggaggtaageactaaatcectet
tgattaaattgcatgctgetttcataactagatttgcaagagtttgcatg
tgcataasaatgctgacatttaaataagtaatasatgtgttatgatasat
gtgatattttagcgtcctcttcatttaaatatasagttatacatggtgga
gttattttaataatgtgtataaataatattgcatcgatgtasagtaaaaa
tatcatttaaattaaagctgacageagttaatatggagtcactgtaaaag
ctaaggaatgaatgaagcatttaagagaatagcttcattttaaaacccag
cttttcagtcttttaaagtgeattttgaataaatttaagetgtgcaaaty
tgaaaaagggatcaggatgtgagtaaggataaagagactgtcgagagaaa
tgcacatgtagatggttaagcttgegetggetettgtetctgaggaagat
cggcaaatgtgtgtgegtgtgtgtgtgtatatgtogtttggtogggagta
ccctttgegetecatcageacctgetgetctgtetgagattgtgggaaaa
cagagtctcgacagecageaggaccccecaaataaatcacctetggaate
atttatatgcactaaaataactgagttaacaagtcatgcaatagtttcta
acccactctetttetgtgtttgtgettgettttgeagatacgetttcaga
aatttccatggagaaacctctgtcagatCAGACCTACTCCACCCAACG

ers


https://genome.ucsc.edu/cgi-bin/hgPcr

e Ensembl: 1
UCSC: chr1

e Ensembl: 1-based coordinates (bases numbered)
UCSC: 0-based coordinates (hnumbers between bases)

chri T A 8 G T C A

| I I I I I I

1-based 1 2 3 4 5 6 7
0-based 0 1 2 3 4 5 6 7

e The Gis 1:4-4in Ensembl coordinatesbut 1:3-4 in UCSC



e Click “Customtracks”and add https://mbl2023.buschlab.org/data/3p-seq.bed

Curfigare tnguon E=age Cordgarn Overves tmage Carfigaen Chromosonmn mage L

Track Hub Registry Search Your data 0

fmage Configuratinos Add a custom track

Proase note 1t Wack huls and fxdased Ses (BAM. BigBod oie) 00 not wirk with Oertien cloud sercces. noudeg Google Dvive a0 Deopbon. Pisase soe 0ur guCoo 0900
or mare wiormanon

Name for thin dals [optional): 3P.Seq

Species Zetrndsh (Oane o)
Assemily: GRCZTY

Dats Attps://ml 2022 buschlob org/data/ de-
veq. bed

Or uphand Se max 0MB) | Choose flo | 85 the chosen

8ED v

Helo 00 moooned frmans. dechry troes. e

e 24 hpf 3P-Seqdata from Bartel lab


https://mbl2023.buschlab.org/data/3p-seq.bed

e (o to "22:3153000-3217000" (reverse strand)
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e Goto "22:3153000-3217000" (forward strand)

3pSeq

SONA alignment

EST chuster (Unigene).

3 dpf samplel RNA-seq

2 dpf samplel mm
eenemodels
1 dpf samplel RNA-seq
qene models

RefSeq GIF3
annatation import

Genes (Memped
EnsemblHavans)
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Lawson et al. (2020) “An improved zebrafish transcriptome annotation for
sensitive and comprehensive detection of cell type-specific genes”

eLife 9:e55792
Aim: To unify discrepancies between Ensembl and RefSeq annotations



e Lawson et al. (2020) “An improved zebrafish transcriptome annotation for
sensitive and comprehensive detection of cell type-specific genes”

eLife 9:e55792
HOW STANDARDS PROLFERATE:
(s6E: AVC CHARGERS, CHARACTER ENCODNGS, INSTANT MESSAGING, ETC))
[4?! RiDICULOLS! [Soon:]
WE NEED To DEVELOP
NE UNIVERSAL STANDARD
STUATON: || S e semee || SITUATION:
THEREARE || USE CASES. vy THERE. ARE
4 COMPETING \ il I5 COMPETING
STANDPRDS. ﬁ STANDPRDS.




Lawson et al. (2020) “An improved zebrafish transcriptome annotation for
sensitive and comprehensive detection of cell type-specific genes”

eLife 9:55792
www.umassmed.edu/lawson-lab/reagents/zebrafish-transcriptome/

Add:
https://www.umassmed.edu/globalassets/lawson-lab/downloadfiles/v4.3.2.gtf
Large, so Ensembl will be slow - disable or delete when done



https://www.umassmed.edu/lawson-lab/reagents/zebrafish-transcriptome/
https://www.umassmed.edu/globalassets/lawson-lab/downloadfiles/v4.3.2.gtf
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https://www.umassmed.edu/lawson-lab/reagents/zebrafish-transcriptome/
https://www.umassmed.edu/globalassets/lawson-lab/downloadfiles/v4.3.2.gtf

Ensembl integrates regulatory information from a variety of genome-wide
assays (e.g. ChlP-seq and DNase-seq)

But only has annotation for a limited set of species (mainly human and
mouse, but also pig, chicken and some fish)

Not zebrafish

Instead have DANIO-CODE, a compendium of functional genomics datasets:
https://danio-code.zfin.org/

Datasets submitted to DANIO-CODE can be visualised in Ensembl (and UCSC)


https://danio-code.zfin.org/

For Ensembl, add a custom track using the DANIO-CODE track hub:
https://danio-code.zfin.org/trackhub/DANIO-CODE.hub.txt

(You will need to select "Track Hub" for the data format.)

Does make Ensembl quite slow, even with just the default tracks displayed
Instead, could use UCSC by following instructions at:
https://danio-code.zfin.org/help/



https://danio-code.zfin.org/trackhub/DANIO-CODE.hub.txt
https://danio-code.zfin.org/help/

Scale 2 kb | danRer11
chré: 43,428,000 43,429,000 43,430,000| 43,431,000 43,432,000 43,433,000
0.368301 _ Prim-5, Mueller_lab, SRA055273

DCD001532SQ_DCDo011

ooz | 1
52 : | | ved

Prim-5, Busch-Nentwich

H3K4me3, Prim-5, Mueller_lab, nan

Prim-5, Busch-Nentwich_Lab, PRJEB12982

Prim-5, Busch-Nentwich_Lab, PRJEB12082

v .

|

No data

3.39229 _ Prim-5, de Wit Lab, GSE105015, 500000. directionality index
Prim-5, de Wit Lab, GSE

0.33423 _

Gap Locations
Gap
RefSeq genes from NCBI
RefSeq Curated mf i i . |
Ensembl Gene Predictions - archive 95 - jan2019
\lSDARTooooo122799.3‘< e |
NSDART00000143374.4 < == m 'I:I =
_|NSDART00000056457.5 K[| ] :



https://danio-code.zfin.org/trackhub/DANIO-CODE.hub.txt
https://danio-code.zfin.org/help/

e Do Exercise 5 - “exploring data”
e Covers:

o BioMart

o Making BEDfiles

o Finding candidate genes
o Finding orthologues

e Go to mbl2023.buschlab.org



https://mbl2023.buschlab.org/

BioMart
Other tools
Custom tracks

Learning outcomes:

Use BioMart to download data
Analyse variants

Making BEDfiles

Upload custom tracks

0O O O O



Any questions?
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