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Genome feature annotation
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Genome feature annotation & Epigenomics
data analysis

Week 1 Week 2 Week 3
Genome features Peak calling Integrated analysis
* File formats e Peak calling * Bedtools
* Public databases * Data QC * Deeptools

e Genome browser * Homer



File formats listed on UCSC web site

«Axt format CRAM format

‘BAM format *GenePred table format

BED format *GFF format

BED detail format *GTF format

‘bedGraph format ‘HAL format

barChart and bigBarChart format *Hic format

‘bigBed format ‘Interact and biglinteract format
‘bigGenePred table format ‘MAF format

*bigPsl table format ‘Microarray format

‘bigMaf table format *Net format

*bigChain table format ‘Personal Genome SNP format
‘bigNarrowPeak table format *PSL format

‘bigWiqg format *VCF format

Chain format ‘WIG format

https://genome.ucsc.edu/FAQ/FAQformat.html#format3



https://genome.ucsc.edu/goldenPath/help/axt.html
https://genome.ucsc.edu/FAQ/FAQformat.html#format5.1
https://genome.ucsc.edu/FAQ/FAQformat.html#format1
https://genome.ucsc.edu/FAQ/FAQformat.html#format1.7
https://genome.ucsc.edu/FAQ/FAQformat.html#format1.8
https://genome.ucsc.edu/FAQ/FAQformat.html#format21
https://genome.ucsc.edu/FAQ/FAQformat.html#format1.5
https://genome.ucsc.edu/FAQ/FAQformat.html#format9.1
https://genome.ucsc.edu/FAQ/FAQformat.html#format9.2
https://genome.ucsc.edu/FAQ/FAQformat.html#format9.3
https://genome.ucsc.edu/FAQ/FAQformat.html#format9.4
https://genome.ucsc.edu/FAQ/FAQformat.html#format9.5
https://genome.ucsc.edu/FAQ/FAQformat.html#format6.1
https://genome.ucsc.edu/goldenPath/help/chain.html
https://genome.ucsc.edu/FAQ/FAQformat.html#format5.2
https://genome.ucsc.edu/FAQ/FAQformat.html#format9
https://genome.ucsc.edu/FAQ/FAQformat.html#format3
https://genome.ucsc.edu/FAQ/FAQformat.html#format4
https://genome.ucsc.edu/FAQ/FAQformat.html#format20
https://genome.ucsc.edu/FAQ/FAQformat.html#format23
https://genome.ucsc.edu/FAQ/FAQformat.html#format22
https://genome.ucsc.edu/FAQ/FAQformat.html#format5
https://genome.ucsc.edu/FAQ/FAQformat.html#format6.5
https://genome.ucsc.edu/goldenPath/help/net.html
https://genome.ucsc.edu/FAQ/FAQformat.html#format10
https://genome.ucsc.edu/FAQ/FAQformat.html#format2
https://genome.ucsc.edu/FAQ/FAQformat.html#format10.1
https://genome.ucsc.edu/FAQ/FAQformat.html#format6
https://genome.ucsc.edu/FAQ/FAQformat.html#format3

File formats listed on UCSC Genome Browser web site

https://genome.ucsc.edu/FAQ/FAQformat.html#format3

General format

Axt

BAM

BED

BED detail

bedGraph
barChart&bigBarCha
rt

bigBed

bigGenePred table
bigPsl table

bigMaf table
bigChain table
bigNarrowPeak table
bigWig

Chain

CRAM

GenePred table
GFF

GTF

HAL

Hic
Interact&biginteract
MAF

Microarray

Net

Personal Genome
SNP

PSL

VCF

WIG

Encode format  Sequence
broadPeak 2bit
gappedPeak fasta
narrowPeak fastQ
pairedTagAlign nib

peptideMapping
RNA elements

tagAlign


https://genome.ucsc.edu/FAQ/FAQformat.html#format3

GFFZ, GFF3 and GTF  9-column tab-delimited text file

Gff2 example:

chrl Maker CDS 380 401 .+ 0 gene 001
chrl Maker CDS 501 650 .o+ 2 gene 001
chrl Maker CDS /700 707 .o+ 2 gene 001
chrl Maker start_ codon 380 382 .+ 0 gene_001
chrl Maker stop codon 708 710 .+ 0 gene_001
Column Name 6 Score

1 Chromosome/contig v Strand ( + or -)

2 Source of annotation 3 Phase (0,1 or 2)

3 Feature type 9 Attributes or Group

4 Start position

5 End position



GFF2 vs GTF

Gff2 example: Feature type Group
chrl Maker CDS 380 401 .+ 0 gene_001
chrl Maker CDS 501 650 .o+ 2 gene 001
chrl Maker CDS /700 707 .o+ 2 gene 001
chrl Maker start_ codon 380 382 .+ 0 gene_001
chrl Maker stop codon 708 710 .+ 0 gene_001

Feature type:

GFF2: "CDS" "start_codon" "stop_codon" and "exon"

GTF: All GFF2 types plus optional types: 5UTR, 3UTR, inter, inter_CNS, and intron_CNS

roup.

GFF2: Single group attribute, not able to represent multiple splicing forms of the same gene

GTF: Two mandatory attributes: gene_id “gene_001"; transcript_id “gene_001.1"



GFF3 vs GTF

GFF3 example:

chrl
chrl
chrl
chrl

chrl

chrl

Maker gene
Maker mRNA
Maker exon

Maker exon
Maker CDS

Maker CDS

1000
1050
1050
3000

1201

3000

9000.
9000.
1500.
3902.

1500.

3902.

ID=gene00001;Name=EDEN
ID=mRNAOO0OQ0O01;Parent=gene00001;Name=EDEN.1
ID=exon00002;Parent=mRNAO00001

ID=exon00003;Parent=mRNAO0001
O1D=cds00001;Parent=mRNA00001

O1D=cds00001;Parent=mRNA00001

GFF3: Two mandatory attributes: ID and Parent

GTF:

Two mandatory attributes: gene_id “gene0001"; transcript_id

“mRNAOO0O1"



gffread, a tool to convert between GFF3 and GTF

GFF3 -> GTF format

gffread -E -T -0 output.gtf input.gff3

FTF -> GFF3 format
gffread -E -G -0 output.gff3 input.gtf



Lost information when converting from GFF3 to GTF

GFF3
chrl Maker gene 1000 9000. + . ID=gene00001;Name=EDEN
chrl Maker mRNA 1050 9000. + . ID=mRNA00001;Parent=gene00001;Name=EDEN.1
chrl Maker exon 1050 1500. + . ID=exon00002;Parent=mRNA00001
GTF

gene_id “gene0001"; transcript_id “mRNAO0001“;
chrl Maker exon 1050 1500. + . gene name "AT1G01010";

gffread -E@-o output.gff3 input.gtf
MRNA feature created from
first exon



Extract mRNA and protein sequences from the genome
using gffread

gffread input.gff3 -g input.fasta -w transcript.fasta -x protein.fasta

e Chromosome names should match between files;
e “Chrl” “chrl” and “1” are different



Other features in gff files:

Chrl Araportll  Inc_RNA 11101 11372 . + . ID=AT1G03987.1;Parent=AT1G03987;Name=AT1G03987.1
Chr3 Araportll  tRNA 2918413 291848674 - . ID=AT3G09505.1;Parent=AT3G09505;Note=tRNA-Arg
Chr2 Araportll  transposable element 2782038 2785706. +  .ID=AT2TE12270;Name=AT2TE12270;Alias=ATCOPIA75

zcat ara.gff.gz| cut -f3|sort |uniq

CDS pseudogenic_exon
antisense_RNA pseudogenic_tRNA
antisense_IncRNA pseudogenic_transcript
exon rRNA

five_prime_UTR SNRNA

gene SsnoRNA

Inc_RNA tRNA

MRNA three_prime_UTR
MiRNA transcript_region
miRNA_primary_transcript transposable_element
NcRNA transposable_element_gene
protein transposon_fragment

pseudogene UORF



BED

3-column format

chrl 1000 5000
chr2 2000 6000

12-column format

chrl 1000 5000 genel . + 1000
chr2 2000 6000 gene2 . - 2000

Column Name

Chromosome/contig
Start position

End position

Name

Score

ol & W N B

5000
6000

6
7-9
10
11
12

0
0

2
2

567,488,
433,399,

Strand ( + or -)
thickStart, thickEnd, itemRgb

D
D
D

OC
OC
OC

KCount
<Sizes

KStarts

0,3512
0,3601



BED < GFF3

GFF3

chrl Maker gene 1000 9000. + . ID=gene00001;Name=EDEN

chrl Maker mRNA 1050 9000. + . ID=mRNA00001;Parent=gene00001;Name=EDEN.1
chrl Maker exon 1050 1500. + . ID=exon00002:Parent=mRNA00001

BED

chrl 999 9000 : : +

* Most software ignore the last 6 columns of BED

Coordinate system for a 100-bp sequence)
BED, bam
0-start, half-open (0-based): first nucleotide: 0; last nucleotide: 100

GFF, GTF, vcf, genbank, sam, blast output
1-start, fully-closed (1-based): first nucleotide: 1; last nucleotide: 100



Start/end positions of stranded DNA sequence:

BED Plus strand

chrl O
Minus strand
chrl O

BLAST Plus strand
output chrl 1

Minus strand

chrl 100

100

100

100

Transcript start site in BED file:

Gene on plus strand gene: start position
(add 1)

Gene on minus strand: end position



Stranded read position in SAM file format (1-based)

Coor 12345678901234 5678901234567890123456789012345

ref AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT

+r001/1 TTAGATAAAGGATA*CTG Leftmost alignment position on
+r002 2aaAGATAA*GGATA reference

+r003 gcctaAGCTAA

+r004 ATAGCT.......... .... TCAGC

-r003 ttagctTAGGC

-r001/2 CAGCGGCAT

@HD VN:1.6 SO:coordinate

@S SN:ref LN:45

r001 99 ref 7 30 8M2I4M1D3M = 37 39 TTAGATAAAGGATACTG *

r002 0 ref 9 30 356M1P1I4M x O 0 AAAAGATAAGGATA *

r003 0 ref 9 30 5S6M * 0 0 GCCTAAGCTAA * SA:Z:ref,29,-,6H5M,17,0;
r004 0 ref 16 30 6M14N5M * 0 0 ATAGCTTCAGC *

r003 2064 ref 29 17 6HSM * 0 0 TAGGC * SA:Z:ref,9,+,556M,30,1;
r001 147 ref 37 30 9M = 7 -39 CAGCGGCAT * NM:i:1




Use LINUX “awk” to convert file format

GFF3

chrl Maker gene 1000 9000 . + . ID=gene00001;Name=EDEN
BED

chrl1 999 9000 : : +

Awk command:
awk 'BEGIN { OFS = "\t" } {if (53=="gene") print $1, $4-1, S5, ".", ".", S7} input.gff3 > output.bed



SAM/BAM file formats

READ alignment to the reference genome

HWUSI-EAS525 0042 FC:6:23:10200:18582#0/1 16 1 10 40 35M * 0 0
AGCCAAAGATTGCATCAGTTCTGCTGCTATTTCCT agafgfaffcfdf[fdcffcggggccfdffagggg MD:Z:35 NH:i:1 Hl:i:1
NM:i:0 SM:i:40 XQ:i:40 X2:i:0

HWUSI-EAS525 0042 FC:3:28:18734:20197#0/1 16 1 10 40 35M * 0 0
AGCCAAAGATTGCATCAGTTCTGCTGCTATTTCCT hghhghhhhhhhhhhhhhhhhhghhhhhghhthhh  MD:Z:35
NH:i:1 HI:i:1 NM:i:0 SM:i:40 XQ:i:40 X2:i:0

HWUSI-EAS525 0042 FC:3:94:1587:14299#0/1 16 1 10 40 35M * 0 0
AGCCAAAGATTGCATCAGTTCTGCTGCTATTTCCT hfhghhhhhhhhhhghhhhhhhhhhhhhhhhhhhg MD:Z:35
NH:i:1 HI:i:1 NM:i:0 SM:i:40 XQ:i:40 X2:i:0

Convert to bed file:

Chr start end name score strand
1 9 44 : 40 -
1 9 44 : 40 -
1 9 44 : 40 -



Wiggle (wig) file format:

L ddd IGV
| D. melanogaster (d... +| chr4 *| chr4:636,276-647,941 Go f1 <« » % O o= =2 | [t
L
> 11 kb -
638 kb 640 kb 642 kb 644 kb 646 kb 6¢

Tophat on data 1: accepted_hits 043

Coverage

Tophat on data 1: accepted_hits

[ |

Eph mav

junctions Jﬂl—%—ﬂ-ﬂ_ Aﬁ._ _.Cﬂ_

5 tracks loaded |[ehr4:647,796 | |[187M of 350




Sparse vs dense data profile

: ‘m| Dense
| N I B » - - - Sparse

T
- e B o e - I__ __m_ __._ —m - .__II . = - _ _III__



Wiggle (wig), BedGraph, and bigwig file format:

Fixed step wig (1-based)

fixedStep chrom=chr3 start=400601 step=100 span=5
11

22 Good for dense data
33

Variable step wig (1-based) *

variableStep chrom=chr3 span=5
400601 11
400701 22
400801 33

BedGraph (0-based) v

chr3 400600 400605 11 Good for sparse data
chr3 400700 400705 22
chr3 400800 400805 33




BigWig file format replacing the Wig format:

* Compressed and indexed binary format;
* For both sparse and dense data;

* Recommended format for genome browser;



Software for file conversion:

Bedtools genomecov
Bam => bedgraph

Deeptools bamCoverage
Bam => bedgraph or bigwig

Kent Utility:

Conversion between wig, bigwig,



Public genomic databases

NCBI Refseq : NCBI gene annotation
Ensembil: Ensembl gene annotation

UCSC: Integrated with UCSC genome browser

* All three databases use the same genome
assembly



https://ftp.ncbi.nlm.nih.gov/genomes/refseq/

Index of /genomes/refseq Download from NCBI Refseq FTP site

Name Last modified Size

Parent Directory -

archaea/ 2020-

, Index of /genomes/all/GCF/000/001/635/GCF_000001635.27 GRCmJ39
bacteria/ 2028- — —
fungi/ 2828-

I_g_lll_ Name Last modified Size
invertebrate/ 20208-
lar'lt ! B0 - Parent Directory -
pLant/s Annotation_comparison/ 2820-09-23 20:29 -
protozoa/ 2828~ Evidence_alignments/ 2020-09-23 20:29 -
vertebrate mammaliam’ 2026 - GCF_9eeepl1635.27 GRCm39_assembly_structure/ 2828-89-23 208:29 -
- Gnomon_models/ 2828-89-23 20:29 -
vertebrate CIt"'IE"r".-" 2020 - RefSeq_transcripts_alignments/ 20820-99-23 20:29 -
. ! _| GCF_©eed@81635.27_GRCm39_assembly regions.txt 2820-05-23 208:28 1.1K
leal 2020 GCF_@eepR1635.27 GRCm39_assembly_report.txt 2820-09-23 26:28 6.3K
README . txt 28028~ ccr_eeees1635.27 GRCm39_assembly_stats.txt 2020-09-23 26:28 35K
. _| GCF_©eeeee1635.27_ GRCm39_cds_from_genomic.fna.gz 20208-89-23 20:28 21M
ESSE‘IT]I':':I.}- Summar"y PE"FSEC‘ t}ft . 2529 GCF_0eRed1635.27_ GRCm39_feature_count.txt.gz 2820-99-23 20:28 86l
assembly_summary_refseq _historical.txt 2820- ccr_000001635.27_GRCm39_feature_table.txt.gz 2020-09-23 20:28 6.1M
GCF_eeappl1635.27 GRCm39_genomic.fna.gz 2820-05-23 208:28 796M
GCF_PeBed1635.27 GRCm39_genomic.gbff.pgz 2820-09-23 26:28 1.1G
GCF_PeepR1635.27 GRCm39_genomic.gff.gz 2020-09-23 20:28 34M
GCF_eeeepl1635.27 GRCm39_genomic.gtf.gz 28208-89-23 20:28 31M
GCF_eedep1635.27 GRCm39_genomic_gaps.txt.gz 28208-89-23 20:28 3.5K
GCF_8e8881635.27 GRCm39 protein.faa.gz 28208-89-23 20:28 22M
([ in.faa.g
GCF_Peaea1635.27 GRCm39_protein.gpff.pgz 2020-09-23 20:28 98M
GCF_0Be8p1635.27 GRCm39_pseudo_without_product.fna.gz 2020-089-23 20:28 7.6M
. m rm.out.gz - - H
° G FF3 GCF_B0Ben1635.27 GRCm39 t.g 2020-09-23 20:28 163M
GCF_8e8881635.27 GRCm39_rm.run 2820-99-23 20:28 958
GCF_eeepe1635.27 GRCm39_rna.fna.gz 28208-99-23 20:28 182M
GCF_©e8@81635.27_GRCm39_rna.gbff.gz 28208-99-23 20:28 3084M
[ ] G | F GCF_Peaed1635.27 GRCm39_rna_from_gencmic.fna.gz 20820-89-23 20:28 71M
GCF_eeepp1635.27 GRCm39_translated cds.faa.gz 2020-09-23 20:28 14M
Mus_musculus_AR18Y9_annotation_report.xml 2826-089-23 20:28 166K
L]
README . txt 28208-089-02 16:26 43K
* Protel n Seq uence README_Mus_musculus_annotation_release_189 2828-89-23 20:28 701
annotation_hashes.txt 2828-89-23 20:29 411
° assembly_ status.txt 2020-11-27 06:85 14
[ J | ra nscrl pt Seq u e n Ce md5checksums. txt 2020-89-23 20:30 20K



Species
Mouse

Mus
musculus
Algerian
mouse

Mus sprefus
Mouse

Mouse
CBAlJ

Mus
musculus

12951/SvimJ
M

DNA (FASTA) cDNA (FASTA) CDS (FASTA) ncRNA (FASTA) Protein sequence (FASTA} Annotated sequence (EMBL) Annotated sequence (GenBank) Gene

FASTA®

EASTA®

FASTA®

FASTA®

EASTA®

FASTA®

EASTA®

FASTA®

EASTAG

FASTA®

EASTA®R

FASTA®

FASTA®R

EASTA®

FASTA®

FASTAR

EASTA®R

FASTA®

FASTA®

FASTA®

EASTA®

FASTA®

FASTA®

FASTA®

FASTA®

FASTA®

EASTA®

FASTA®

FASTAG

FASTA®

EASTA®

FASTA®

FASTAE

FASTA®

FASTA®

FASTAE

EASTA®

Show/hide columns
FASTA&
FASTA®G

FASTA&

FASTA®

FASTA&G

FASTAE

FASTA®

FASTA&

FASTAE

FASTA®

EMBL®

EMBL®

EMBL®

Showing 1 to 10 of 22 entries (filtered from 310 tolal entries)

sets Other annotations Whole databases Variation (GVF)

GenBanke re  Tigrore WSOl GVEg VCF®
GenBankg SFe  TsVgROEs msoLg GVE, VCF®
Index of /pub/release-101
T [parent directory]
Name Size

] README 6.3kB
|| assembly chain/

|} bamcov/

| bed/

| compara’

|| data_files/

|| embl/

I emf/

| fasta’

|/ genbank/

| eff3/

b gtff

| json/

|| maf/

I mysgl’

|| ncbi_blast/

] new_genomes txt 15kB
) rdf!

| regulation’

] removed genomes.txt 35B
| ] renamed_genomes txt 4B
| solr_srch/

|1 species_EnsemblVertebrates txt 471kB
| species_metadata_EnsemblVertebrates json 27GB
| species_metadata_EnsemblVertebrates xml 1.5GB
| summary. txt T48 B
) tsw/

| uniprot_report_EnsemblVertebrates txt 398 kB
|| updated_annotations.txt 63 B
|1 updated_assemblies txt 102B

variation/
virtual_machine/
xml/

VEP@ Reguiatior
VEPS
VEPS
VER®
oo
Date modified

§/18/20, 12:36:00 PM
7/11/20, 6:31:00 PM
§/19/20, 1:10:00 PM
7/13/20, 7:30:00 AM
7/13/20, 7:34:00 AM
§/19/20, 1:10:00 PM
7/27/20, 5:43:00 AM
7/13/20, 7:30:00 AM
7/10/20, 2:34:00 PM

7/26/20, 10:38:00 PM
7/28/20, 7:22:00 PM
7/24/20, 6:08:00 PM
§/15/20, 1:02:00 PM
7/13/20, 7:30:00 AM
§/11/20, 8:13:00 AM
7/10/20, 1:51:00 PM
§/3/20, 10:47:00 AM

§/17/20, 11:08:00 AM

6/9/20, 9:45:00 AM
§/3/20, 10:47:00 AM
§/3/20, 10:47:00 AM
§/10/20, 6:03:00 AM
§/3/20, 10:47:00 AM
§/3/20, 11:02:00 AM

§/4/20, 7:38:00 AM

§/3/20, 10:47:00 AM

7/13/20, 7:30:00 AM

§/3/20, 10:47:00 AM

§/3/20, 10:47:00 AM

§/3/20, 10:47:00 AM

7/17/20, 6:23:00 AM

3/26/20, 8:00:00 PM

7/13/20, 7:30:00 AM

oad from ENSEMBL FTP

Variation (VCF)  Variation (VEP)  Regulatior

Index of /pub/release-101/gff3/

i

[parent directory]

Name Size
acanthochromis polvacanthus/
accipiter_nisus/
ailuropoda_melanoleuca’
amazona_collaria’
amphilophus_citrinellus/
amphiprion_ocellaris/
amphiprion_percula/
anabas_testudineus/
anas_platyrhvnchos/
anas_platyrhvnchos platyrhynchos/
anas_zonorhyncha'
anolis_carolinensis/
anser_brachyrhynchus/
anser _cvgnoides/
aotus_nancymaae/
apteryvx_haastiy/
aptervx_owenit/
aptervx_rowi/
aquila_chrysaetos_chrvsaetos/
astatotilapia_calliptera’
astyanax_mexicanus/
astvanax mexicanus_pachon’
athene cuniculana/
balaenoptera_musculus/
betta_splendens/
bison_bison_bison/
bos_grunniens/
bos_indicus_hybrid/

Date modified
8/6/20, 4:02:00 PM
8/17/20, 12:59:00 PM
8/17/20, 12:44:00 PM
8/6/20, 3:54:00 PM
8/17/20, 12:45:00 PM
8/17/20, 12:46:00 PM
8/17/20, 12:54:00 PM
8/17/20, 12:38:00 PM
8/17/20, 12:28:00 PM
8/6/20, 3:47:00 PM
8/17/20, 12:34:00 PM
8/17/20, 12:46:00 PM
8/17/20, 11:32:00 AM
8/17/20, 12:59:00 PM
8/17/20,12:29:00 PM
8/17/20, 12:55:00 PM
8/17/20, 12:38:00 PM
8/17/20, 12:47:00 PM
8/17/20, 1:00:00 PM
8/17/20, 12:28:00 PM
8/17/20, 12:46:00 PM
8/17/20, 12:43:00 PM
8/17/20, 12:46:00 PM
8/6/20, 3:52:00 PM
8/6/20, 3:36:00 PM
8/17/20,12:57:00 PM
8/17/20,12:43:00 PM
8/17/20,12:37:00 PM



UCSC table browser

Table Browser

Use this program to retrieve the data associated with a track in text format, to calculate intersections be
sequence covered by a track. For help in using this application see Using_the Table Browser for a descr
and the User's Guide for general information and sample queries. For more complex queries, you may
MySQL server. To examine the biological function of your set through annotation enrichments, send the
Credits page for the list of contributors and usage restrictions associated with these data. All tables can
from the Sequence and Annotation Downloads page.

clade:  Mammal v| genome: | Human v| assembly: | Dec. 2013 (GRCh38/hg38) v |
group: Genes and Gene Predictions v | track: GENCODE v32 v| | add custom tracks | track hub
table:  knownGene v | | describe table schema |

region: O genome @ position [chr3:53,494,611-53,613,733 || lookup || define regions |
identifiers (names/accessions): | paste list | | upload list |

filter:
intersection:
correlation:

output format: | GTF - gene transfer format (limited) v|

Note: Table Br all fields from selected table

If looki selected fields from primary and related tables gene DN Orlsy.mb‘.ols'l.
you are 100KIl sequence S€ In genome analysis pipellines,

check the bigZigsgym gene transfer format (limited) -

Send output to CDS FASTA alignment from multiple alignment
] BED - browser extensible data

output file: custom track

file type return¢hyperlinks to Genome Browser

( to keep output in browser)




Ensembl Biomart:

Features:

Dataset

Mouse genes (GRCm38.p6)
Filters
[None selected)
Attributes
Gene stable ID
Gene stable ID version

Transcript stable 1D
Transcript stable ID version

Dataset
[None Selected]

@ Features
O Structures

) Homologues (Max select 6 orthologues)

= GENE:
Ensembl
Gene stable ID
Gene stable ID version
& Transcript stable 1D
& Transcript stable ID version
[ Protein stable |ID
[ Protein stable |D version
[ Exon stable ID
[ Gene description
[J Chromosome/scaffold name
[JGene start (bp)
[ Gene end (bp)
(] Strand
[1Karvotvne band

Please select columns to be included in the output and hit 'Results’ when ready

Missing non coding genes in your mart query output, please check the following FAQ

O Variant (Germline)
O Sequences

[ Transcript support level (TSL)
[ GENCODE basic annotation
[JAPPRIS annotation

[JGene name

(] Source of gene name

(] Transcript name

[ Source of transcript name

[ Transcript count

[ Gene % GC content

[ Gene type

[ Transcript type

[ Source (gene)

[1Saurce (transcrint)




Ensembl Biomart:

Ortholog in other species:

Dataset

Mouse genes (GRCm38.p6)
Filters
[None selected]
Attributes
Gene stable ID
Gene stable ID version

Transcript stable ID
Transcript stable ID version

Dataset
[None Selected]

Please select columns to be included in the output and hit 'Results' when ready

Missing non coding genes in your mart query output, please check the following FAQ

O Features O Variant (Germline)

O Structures C Sequences
Homologues (Max select 6 orthologues)

= GENE:

= ORTHOLOGUES [A-E]:

Abingdon island giant tortoise Orthologues

[JAbingdon island giant tortoise gene stable ID

[J Abingdon island giant tortoise gene name

[JAbingdon island giant tortoise protein or transcript stable ID
[JAbingdon island giant tortoise chromosome/scaffold name

[J Abingdon island giant tortoise chromosome/scaffold start (bp)
(J Abingdon island giant tortoise chromosome/scaffold end (bp)
[JQuery protein or transcript ID

Agassiz's desert tortoise Orthologues
[JAgassiz's desert tortoise gene stable ID
[JAgassiz's desert tortoise gene name

M Arnaceiz'e Aacart tartnica nratain Ar tranecrint etahla N

[JLast common ancestor with Abingdon island giant tortoise
[JAbingdon island giant tortoise homology type

[1%id. target Abingdon island giant tortoise gene identical to query gene
[1%id. query gene identical to target Abingdon island giant tortoise gene
[JAbingdon island giant tortoise Gene-order conservation score
(JAbingdon island giant tortoise orthology confidence [0 low, 1 high]

[JLast common ancestor with Agassiz's desert tortoise
[JAgassiz's desert tortoise homology type

M oLid tarmat Araceiz'e Aacart thrtnica nana idanticral ta Anans nana



Matching Gene/Transcript ID

General

databases

NCBI
Ensembl
UCSC
JGI

Species specific
databases
Drosophila: Flybase
C. elegans: Wormbase
Yeast: SGD
Maize: MaizeGDB
Arabidopsis: TAIR

Ensembl BioMart provides IDs
from many different databases

External References (max 3)
(JCCDSID
(JChEMBL ID

(JClone-based (Ensembl) gene ID
(JClone-based (Ensembl) transcript ID

(JEntrezGene transcript name 1D
(JEuropean Nucleotide Archive ID
(JExpression Atlas ID

(JGeneDB ID

(JHavana gene ID

(JHavana transcript ID

(/Havana translation ID
(JHGNCID

(JHGNC symbol

(JINSDC protein ID

(JKEGG Pathway and Enzyme ID

(JMEROPS - the Peptidase Database ID

(JMGI description

LJMGI symbol

CJMGI ID

(MGl transcript name ID

(JmiRBase accession
[MmiRRasza IN

(JPDB ID

(JReactome ID

(JReactome gene ID
(JRefSeq mRNAID

(JRefSeq mRNA predicted ID
(JRefSeq ncRNA ID

[ JRefSeq ncRNA predicted ID
(JRefSeq peptide ID
(JRefSeq peptide predicted ID
(JRFAM ID

(JRNAcentral ID

(JTranscript name ID
(JUCSC Stable ID

(JUniParc ID

(JUniProtkKB Gene Name symbol
(JUniProtkKB Gene Name ID
(JUniProtKB/Swiss-Prot ID
CJUniProtKB/TrEMBL ID
(JVega gene ID

(JVega transcript ID

(Vega translation ID
[MWikiGena dagrrintinn



Genome browsers

IGV_2.3.34 File Genomes Yiew Tracks Regions Tools GenomeSpace Help
D. melanogaster (d... « chra B chrd:455 579-466,533 Co ﬁ' 4 F
| 1]
- 10 kb =
456 kb 458 kb 450 kb 453 kb e W A Wb
] | ] | | | | |
- =
- B0
wurtreaiedi_ched bam Covemge
unireatod?_chrd bam
-
unireatad3_ched ham Covemge
unilreatadd_ched ham
| - IR - e -
§ tracks inaded b 466 236 1l [looma of 1858

IGV - desktop application

E ruc
E rug
EF to

HEF 59

Scale = Mo} ‘]
1St | 102751000] 1e27s2000] 102753000 102TS4000] 1027SSe00] 1027Sc000] 102TSTE0R] 1eaTSs008] 1027Se000] 102760000

HEDUSA Mamonetry 1ATed OMRs E3C vs MEF

Hyod MRS
MeOUSA Hypersethy 1ated DMRS ESC vs MEF
Hyper DMRs
CoG Islandas (IS1ands ¢ J00 Dages are Lignt Green)
oo 81 T
CoG: 29 =
s UCSC Genrs Dased on Refiea, CCOS and CORDArAT Ive Genomics
Haxel e - - oy
ODHASeT MyDer £ /UN VS ity OF HASH ingtor
7 Hipt
L QOE =
o4 52
el ” radl Ly A YT 1 O PR .
@ ES=0ruced RNA=-30Q Signal Rep 2 =1
o4 I
- - . - - L bl sttt kA ..‘l T L.
[ ] £F ENA-300 i Rep | fros Eme =
NS AATA MEF ENA-T80 Anl Rep 2 fr En

UCSC Genome browser
— web based



IGV - Integrated Genome Viewer

Software running on your laptop/desktop

'-) Google Cloud
amazon | ' |
\ K Local files
| 'l' 3 -
2 .

HTTP server GenomeSpace




Select pre-loaded reference genome

To get more genomes from the IGV server:

(1) Select More from the genome menu
to see the complete list

File Genomes View Tracks Region
| NN |

Human hg19 chr3
< é

’ p26.1 p243

genome dropdown list,
Filter:

=Heli|:c|bacne|r hepaticus
|Hrv-1

|Hne-2

|Horse iequCabZ)

|Human i1kg reference, b36)
|Human (1kg, b37+decoy)
|Human (63 7)

|Human Adenovirus C
|Human Herpesvirus 4, Type 1
|Human Herpesvirus 4, Type 2
|Human hg16

|Human hgl?

|Human hgls

|Human hg38

|Human Mito (NC_012920)
|Human respiratory synctial virus
| major Friedlin

L major Friedlin tvs.0)

M. oryzae (mgd)

|Macaca fascicularis (CE_1.0}
|Maize (B73 4a.53)

|Maize (ZmB73 5a)

|Mouse (12851 fSvimi)

|Mouse mm10

Mouse mm7T

|Mouse mm&

|Mouse mm
|Mycobacterium T8 (CD1551)
|N. Meningitidis (FAM18)

|N. Meningitidis (MC58)

|N. Meningitidis (22481)

:N. crassa ORT4A (NC10)
|Newrospora crassa (w3)

|0 Sativa (release G)

ED. Satwva (release 6.1)

|0, Saniva (rebease 7h
|Opossum imonDomS)

|P. falciparum 307 (v4.0)

iP. patens (v 1.2)

Download Sequence

0K

Cancel

Create your own reference genome db

(il Create .genome file

Unique identifier

Descriptive name

FASTA file

Genome |

fasta l‘

Opticonal
Cytoband file

Gene file

Alias file

‘ Browse

‘ Browse

GFF3 or GTF

file
L[ e




Load data track

Genomes  View Tracks Regions Tool

Load from File...
Load from URL...

Load from Server...

Reload Tracks

Mew Session...

Open Session...

Save Session...

Reload Session

Save Image ...

Bxit « BAM = genePred « SAM
« BED » GFF/GTF « Sample Info (Attributes) file
= BedGraph = GISTIC = SEG
= bigBed = Goby = SNP
= bigWig = GWAS « TAB
= Birdsuite Files GV « TDF
= broadPeak = LOH » Track Line
« CBS » MAF (Multiple Alignment Format) = Type Line
= CN = MAF (Mutation Annotation Format) = VCF
= Custom File Formats = Merged BAM File « WIG
= Cytoband = MUT » chrom.sizes
= FASTA » narrowPeak
« GCT = PSL



View multiple tracks

v AR b L 1 |r-Il||.|. rr-mu. lll.lu-
1 1 1 1 1 1
L

A=

SUEERR P L m .
b i i SO v o b iy ol s k2 i, il el s e s i R TR =T I g |

it i i b

TR P A R U ORI FUR T T N T TT O U T 1S [ TR PR TRRPTST | e W e T
A AT, HE Wwa

-.-l-Hl-I NS TSI P TPPSTSISIPY P PRI SRR 1 N SISO TS PRT N T S N

Y P Vﬂew large data files, not need to upload

P re—

Human (hg38 chr21) 3| | chr2l $ | chr21:26,000,000-26,004,000 Go it « » @O = 2 | Elvccerrmnfeeeeon =+
I T
p13 pi2 pll2 plld qll.
3,993 bp
000 bp 26,001,000 bp 26,002,000 bp 26,003,000 bp 26,004
1 | | |
[T
NA19240 bam Coverage
1 1 | o I
. . | i
11 - !
| L . |
i - +—aE
0 an-—a |
[ | | I
I
NA19240 bam ._H
| ]
cene .
APP
l4 tracks loaded [[ene21:26,001,019 | [fessm of 1,047M
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