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Outline

e Genome browsers overview

* UCSC Genome Browser
— Navigating: View your list of regions in the browser
— Available tracks (eg. ENCODE, GTEx, etc.)
— Table Browser to download and annotate genome features
— Convert coordinates/features between genomes

— Use Public Hub to display tracks hosted at non-UCSC
servers.

— Saving your session
 Ensembl Browser

— Gene Tree
— BioMart



Genome Browsing

* Facilitate genomic analysis in the context of
genomic sequences, such as

— Alignments (eg. conservation)
— Experimental/Annotation Data (eg. TFBS)

e Commonly used browsers:
» UCSC Genome Browser (UCSC)

» EMBL-EBI Ensembl
» NCBI Map Viewer

Cline, M.C, and Kent, J.W Understanding Genome Browsing Nat Biotech (2009)



UCSC Genome Browser

Created in 2001

Browse almost 100 genomes (as of 2017)
Web-based and open source platform
Many datasets are hosted on UCSC

Visualize your own genome-mapped
datasets or custom data

— save images as PDF/EPS for publication

Easily download genome features with Table
Browser



Genomes” from:

UCSC Genome Browser: Home Page

UNIVERSITY OF CALIFORNIA

SHINTH R

Genomes

Genome Browser

Browse/Select Species

POPULAR SPECIES

REEE

Human Fraitly

Tools

[Enter species or common name

REPRESENTED SPECIES

Genome Browser Gateway

Mirrors

Human
Chimp
Bonabo
Gorilla
Orangutan
Gibbon

Green monkey
Crab-eating macaque

Vertebrates

Rhesus

Baboon (anubis)

Baboon (hamadryas)

Deuterostomes et monioy

Golden snub-nesed monkey

Insects
Nematodes
Yeast
Viruses

Marmoset

Squirrel monkey

Tarsier

Mouse lemur
Bushbaby

Mouse

Rat

Chinese hamster
Kangaroorat

Naked mole-rat

0

Downloads My Data Help

Find Position

Human Assembly
| pec 2013 (GRCh38/Mg38) -

Position/Search Term
[Enter position, gene symbol or search terms
3,252,000-133.280861 (1

Current pesftion: ch

Human Genome Browser - hg38 assembly

UCSC Genome Browser assembly 1D: hg38

Sequencing/Assembly provider ID: GRCh38 Genome Reference Consortium Humzn Reference 38 (GCA_DDDDD1405 15)
Assembly date: Dec. 2013

Accession ID: GCA_000001305.2

NCH ion: NCEl genome/51 (I

NCBI Assembly information: NCBI assembly/883148 [GRChCiB/GCA 000001405.15)

BioProject information: NCEI Bioproject: 31257

Search the assembly:

Homa sapiens
(Graptic courtesy of CBSE:

W By position or search term: Use the "position or search term” baxto find areas of the zenome associated with many different attributes, such as a specific chromosamal coordinate range; mRMNA, EST, or STS marker names; or
keywards fram the GenBank description of an mRNA. More information, including sample queries.
m By the "search term" bax, choose your gene from the drop-down list, then press "submit” to 2o directly to the assembly location associsted with that gene. More information.

m Bytracktype: Clckthe *track search button o find Genome Browser tracks that match specific selection criteria. More information.

Download sequence and annotation data:

W Using rsync (recommended)

W Using FTP

W Using HTTP

W Data use conditions and restrictions
W Acknowledgments

Assembly Details

The GRCh38 assembly is the first major revision of the h lezsed in more than four years. As with the previous GRCh37 assembly, the Genome Reference Consortium (GRC) is now the
GenBank. Beginning with this release, the UCSC Genome Browser version numbers for the human assemblies now match those of the GRC to minimize version confusion. Hence, the GRCh38 assembly is referred lu as "hg:ss" in the Genome Browser datasets :nd
For 3 glossary of - terms, see the GRC Assembly Terminology page.

GRCh38 Highlights

m Al -Several human ¢ d To address this, the GRCh! provides alterr for selected variant regions through the

inclusion of alternate loci scaffolds (or altloci). Alt loci are separate accessioned sequences that are aligned to reference chromosomes. This assembly cantains 261 alt loci, many of which are associated with the LRC/KIR area of chri9 and the MHC region on chré.

ariability to prevent ad

See the sequences page for a complete list of the reference chromosomes and alternate sequences in GRCh38.
m Centromere representation - Debuting in this release, the large megabase-sized gaps that represented centromeric regions in blies have b laced by sequences from c reated by Karen Miga et al, using centromere
databases developed during her work in the Willard lab at Duke University (now at the University of Chicago) and analysis software developed while working in the Kent lab at UCSC. The models, which provide the appraximate repeat number and order for
each centromere, will be useful for read mapping and varfation studies.
m Mitochondrial genome - The mitochondrial reference sequence included in the GRCh33 assembly (termed “chrM" in the UCSC Genome Browser) s the Revised Cambrid;

(rERS) from MITO! i accession number

J01415.2 and RefSeq accession number NC_012920.1. This differs from the chrM sequence (Ref! ber NC_001907} for hg19, which was not updated when the GRCh37 assembly |ater transitioned to the new
version.
u S dats ral err b: d in GRCh37 have been corrected in the GRCh38 assembly, and more than 100 gaps have been filled or reduced. Much of the dat: d to improve quent from

other uch as the Project
 Analysis set The GRCh3s assembiy offers an analysis sc”that wascrested to accommodate e generstion sequencingresd alfgnent pipelines. To suoid flse mapping o reads, duplicste copies of centromerc arrays.and WG o severelchromosormes have

Detailed assembly info

*UCSC Genome Browser currently doesn't host any plant genomes 5



UCSC Genome Browser: genome.ucsc.edu
Local Whitehead Mirror: membrane.wi.mit.edu
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Choosing a Genome/Assembly

ﬁ‘ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Human (Homo sapiens) Genome Browser Gateway

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

group genome assembly position search term

Mammal -~ Human - Dec. 2013 (GRCh38/hg38) IL] chr9:133,252,000-133,280,861 | enter position, gene symbol or search terms ‘ =
Feb. 2009 (GRCh37/hg19)

Mar. 2006 (NCBI36/hg18) irowser user interface settings to their defaults.
May 2004 (NCBI35/hg17)
July 2003 (NCBI34/hgls) P tracks ] [ track hubs ] [ configure tracks and display ]

genome
group Human

e Enter position (eg. chr:start-end, chr:position)
s or search terms (eg. gene or SNP id):
Gimp Auto-completes if it's an exact match,
et e otherwise hit enter to get all matching terms
;Eﬂgﬁéﬁt
| Gibon

|Gorilla
[ hedoencs

Mammal

Vertebrate
Deuterostome
Insect
Nematode

| Other

- Viruses



http://membrane.wi.mit.edu/

Navigation

Move horizontally by 10%,50%,95%

N Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

Ovel <<< H << H < H > H >> “ >>> Izoom in[ 1.5x H 3x “ 10x “ base IZoom out[ 1.5x “ 3x H 10x H 100x ](—

c chr9:133,238,935-133,289,716 50,782 bp. ‘ enter position, gene symbol or search terms ’ Zoom
QO Ideogram In/Out
c —> ctrs o342) [T E TN DRI NI TN N[
.; :
2 X Scale 20 kb| | hg3e
§ S 1 chro: | 133,250,000  133,260,000| 133,270,000]  133,280,000|
% ; GENCODE v22 Comprehensive Transcript Set (only Basic displayed by default)
< 87 ABO  prag track and move 1 I I\ ] . 1L
E : ABO to new position I C!=€l . |tem descrlptlon
".': % move start Click on a f_eatur_e for details. Click or drag in the _base position track to ove end
Aé = 2 0 E zoom in. Click side bars for track options. Drag side bars or labels up or EZ 0
= O : down to reorder tracks. Drag tracks left or right to new position. :
S E [ track searchﬂ default tracks H default order H hide all || add custom tracks H track hubs H configure H multi-region nreverse H resize ]
D X refresh
- o
Move start by X bases Move end by X bases



Navigation:
Zoom-in with Drag-and-select

Drag/select at the top near chromosome position

Scale 20 kbf———— | hg38
chrg: | 133,250,000 133260,0000 133,270,000/ 133,280,000
GENCODE v22 Comprehensive Transcript Set (only Basic displayed by default)
ABO =
ABO 'k {
JCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly P ~
move <<< << | < > | >> | »>>> |zoomin 1.5x  3x | 10x | base |zoom out| 1.5x | 3x | 10x | 100x /// \\
chr9:133,254,966-133,257,190 2,225 bp. | enter position, gene symbol or search terms a0 _ PR \\
~N
- ~
chrd (q34.2)[ Drag-and-select « Tl Prad SO
¢hr9:133254966-133257190 P S
Scale ) - hg38 - ~
o chre:| || 183 neenabie mahilght via the configure’ mena atany  £80,000] - N
GENC( time.) displayed by default) - - o
freos [ I I -7 oS
ABO Zoom In Highlight Cancel - ~N
_ - - ~N <
- o
// N
- N
// ~

Scale 500 bases} { hg38

) i chr9: 133,255,500 133,256,000 133,256,500|
and amino acid GENCODE v22 Comprehensive Transcript Set (only Basic displayed by default)

ABO
ABO [ AADARARALH MONRARTTCABACRTROR (At~

Zoom-in to see base

Scale 28 bases| | haig
chirg | 156,151, 148] 136,151, 158] 136,151, 168] 136,131, 178| 136,131, 154] 136,131, 198] 156,131, 284]
— 3 AGCAGCTGECTGGTOCGCCAGAAGTACTCGGG GGAGAGCACCET TGGETGGEGTTTGTGEGCGCAGEAGGTAGTTGT T TCAR
UCEC Getes (Refed, GenBank, CCOT, RFam, TRHAS & COMESarat ive Genomics)
4 L [7] 7] 5] 7] L T E F S [ g 3 H d
AE0 B L ] [} 1] ] L T E F K F
AE0 B C ] ] 5] W C il E P K 3
AEC X T ] ] 5] ] T Ed E F K T
J ABO TIEE




Browser Tracks

Gle Edit View History Bookmarks Tools Help | D S

A
Human chrl4:54416455-34... » ‘-\+

wvBa ¥ RS =

& genome.ucsc.edu/cgi-bin/hgTracks?db=hgl98&position=chrl4 %:3A54416455-54423554 8thgsid: 723_ND3QHJdchuhQGQtX

1 8GEr e

https://agricawi.mit.c..

T g L B e B L s s e o R e

Multiz Alignments of 1@ Vertebrates

[T
Common SHPs(142) 11 | 1 ] I [} ] | [ [

move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track options. Drag side bars or labels up or down to reorder tracks. Drag
tracks left or right to new position.
l track search ] [ default tracks ” default order I [ hide all ] [ add custom fracks ] [ track hubs ] [ configure ” reverse ] [ resize ] [ refresh I
Use drop-down controls below and press refresh to alter tracks displayed.
Il Il y N - . - d all

Tracks with lots of items will automatically be displayed in more compact modes

n Mapping and Sequencing

[ -] Genes and Gene Predictions

gg:‘; RefSeq Genes AceView Genes CCDS Ensembl Genes @ EvoFold
lpaTE pack : hide hide : hide hide j

Exoniphy GENCODE Geneid Genes Genscan Genes H-lnv 7.0 W

hide : hide: hide: hide: : hide I—Ei

hide

i i ORFeome e &
lincRNAs . LRG Transcripts MGC Genes N-SCAN Old UCSC Genes Clones c IC I n s o r

hide j hide: j hide: hide: j hide m 6

Other ) H I H f H
iﬂfe F:]fs;n in UCSC Gene R"]Etemgosed Genes ShﬁeP Genes Shlu?eGenes salmlRNA d eta I I n O rm atl o n

TransMap... tIRNA Genes UCSC Alt Events  UniProt Vega Genes Yale Pseudo60
hide : hide : hide: : hide : hide : hide :

|
=
I,

Phenotype and Literature refr

mRNA and EST refresh

Expression refresh

Regulation refr

-]
g

&

Comparative Genomics refr

a
g

Neandertal Assembly and Analysis refr
Denisova Assembly and Analysis refresh

Variation refresh

Fo—
refresh -

The current genome build might have less tracks than the last version.
For example: hg38 has considerably fewer tracks than hg19 10




Tracks™

Mapping and Sequencing
Genes and Gene Predictions
Phenotype and Literature
MRNA and EST

Expression

Regulation

Comparative Genomics
Variation

Repeats

*Some tracks may not be available in your genome of interest



Track Settings and Description

- - e m— e e e e, e e
GEMCODE w24 Comprehensive TRanscript et (only Basic displaded by default)
AED g i f——— }
AEC I i i s | }
HCEI Reffeq genes, curated subset (HM_#%, MRE_#%, and YF_#%) — Annotation Release Ze16—87-27
ABQ - = L L 1 1 ]

T L§ T T T
CFATH S 11~158- 1H=m & mmd e

left-click

/ﬁ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

RefSeq Genes Track Settings

RefSeq Ge nes (aAll Genes and Gene Predictions tracks)
Display mode: [pack -

Label: gene [ accession ©O OMIMID
Hide non-coding genes: [

Color track by codons: genomic codons ~ Help on codon coloring

Show codon nhumbering:

View table schema
Data last updated: 2016-03-28

Description

The RefSeq Genes track shows known human protein-coding and non-protein-coding genes taken from the NCBI R}
collection (RefSeq). The data underlying this track are updated weekly.

Please visit the Feedback for Gene and Reference Sequences (RefSeq) page to make suggestions, submit additions
help concerning RefSeq records.

Display Conventions and Configuration
12



ltem description

" GEMCODE w24 Comprehens ive .'I'Mi.pt et (only Basic displausd kg defaults
FED I - | - aiint
| i } I ) i

left-click anywhere
on item/feature

" Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Human Gene ABO (uc033djz.1) Description and Page Index

Description: Homo sapiens ABO blood group (transferase A, alpha 1-3-N-acetylgalactosaminyltransferase; transferase B, alpha
1-3-galactosyltransferase) (ABO), mRNA. (from RefSeq NM_020469)
RefSeq Summary (NM_020469): This gene encodes proteins related to the first discovered blood group system, ABO. Which allele is present in an
individual determines the blood group. The 'O’ blood group is caused by a deletion of guanine-258 near the N-terminus of the protein which results in a
frameshift and translation of an almost entirely different protein. Individuals with the A, B, and AB alleles express glycosyltransferase activities that convert
the H antigen into the A or B antigen. Other minor alleles have been found for this gene. [provided by RefSeq, Jul 2008]. Sequence Note: This RefSeq
record represents the ABO*A1.01.1.1 allele. Publication Note: This RefSeq record includes a subset of the publications that are available for this gene.
Please see the Gene record to access additional publications. ##Evidence-Data-START## Transcript exon combination :: JX519569.1, JX519570.1
[ECO:0000332] RNAseq introns :: mixed/partial sample support SAMEA1965299, SAMEA1966682 [ECO:0000350] ##Evidence-Data-END##
Gencode Transcript: ENST00000611156.3
Transcript (Including UTRs)

Position: chr9:133,255,176-133,275,214 Size: 20,039 Total Exon Count: 8 Strand: -
Coding Region

Position: chr9:133,255,666-133,275,189 8ize: 19,524 Coding Exon Count: 8

LTSRN Gl Sequence and Links| UniProtKB Comments [MalaCards CTD Microarray
RNA Structure Protein Structure Other Species GO Annotations| mRNA Descriptions | Pathways

|Other Names ‘Model Information | Methods

13



Configure: Image and Tracks

TR PR YTWW AT C -

—
ENSTO0606473350 M

N
| | ENSTB80800538476 |

move start

2'0 down to reorder tracks. Drag tracks left or right to new position.

zoom in. Click side bars for track options. Drag side bars or labels up or [

Click on a feature for details. Click or drag in the base position track to

move end

[0 >

|

\ track search || default tracks || default order || hide all H manage custom tracks H track hubs

H configure H

multi-region ]

Genomes Genome Browser Tools Mirrors Downloads

)

About Us

My Data Help

Configure Image

/

image width: 1000 pixels
label area width: 30 characters
text size: 14 -

Display chromosome ideogram above main graphic

Show light blue vertical guidelines, or light red vertical window separators in multi-region view
Display labels to the left of items in tracks

Display description above each track

Show track controls under main graphic

=)

=

=)

=]

======= =L

User Supplied Track

il

ST, 000

=

Next/previous item navigation —_—

Chick o ater the disply demsit of User T BT 5801 _Genes

=]

Next/previous exon navigation
Show exon numbers
Enable highlight with drag-and-select (if unchecked, drag-and-select always zooms to selection)

=

B

14



Annotation Track Display Mode

Hide: the track is not displayed at all. RefSeq Genes

Dense: the track is displayed with all features collapsed into a single line. hi
I ide

Human ESTs Including Unspliced R
Humt ESTs' l l ] - ] hide

dense
squish

Squish: the track is displayed with each annotation feature shown separately,
but at 50% the height of full mode. Features are unlabeled.

Human EZTs Including Unspldiced

Eﬁ H 5 é i — g::: il | i . 1) E E o -
% § ¢ ﬁﬁ' , E:
= = - } =
E {11] a ;

Pack: the track is displayed with each annotation feature shown separately and labeled

Humat EZTE Inciuding Unspliced

AL 845754 ] I—
DAS45545 AAL 45175 P cAz712e1 Il EX482537 | Eaa | ]
EM7S3048 || EEZEE622 |} I AAZEE39E ] es1ase64 [l
DAS42566 I CF2ES1ES | 4 1 AAL1Ee22 [l
DAS45351 [ 0 BES42557 o AALSEZES el
DAS14365 I ] ARZA4232 | AALaEssE (I 214722 1l
DA7SE525 I i AWISS 849 4 1 [Sle==l=betcl]

DASSTE3S | 0 AHSSSES1 | 4 BEzes7os i
DE1 75565 K 0 HES152 oo DAZE5399 Il BOES0655 Bs199637 I
DAS54755 Ik 0 AMS117S7 [l EF 839678 2] AR4EZSEET ] AR143734 00
CEa67175 I ] AALE1 145 b Ec1as51S [l
DAB12736 K o | BF 859771 ] AT174545 [T
DAGE455S | E215874 | | Eaas 1
DAZTES2E I ] sraonccl [l Ex oot ass [N

Full: the track is displayed with each annotation feature on a separate line.

Human EST= Including Unswpliced

AL 845754 — I
DAS45545

BMTS3948 ||
DRS42S6E i
DAS45551 |
DRS 14565
DATSBS2S I
DAS37S5S M
DE17SS6S K
DRS4S K
DERETLTS
DABL27SE K
DRE243555 I
DRETESZE I
BF239976 M
DAEB2795 I
AT1E55977

15




Gene Structure

Scale 5 Kb | hg38
chrg: 133,155,000 133,160,000 133,165,000
Com hen._lI & TrWonly ?asi disple
GBGT1
GBGT1 | (' ‘3 B
GBGT1 | |
GB | \\\\__,,// P
| GBGT1 W B\
3'UTR exon — “Tintron S'UTR

Commonly used gene models
« GENCODE

* Ensembl

* Refseq

16



Multi-region: "Slice" to
view or highlight exons

|chr9 (q342) [ HE H H |
Scale 20 kbl | hg3s
chra: | 1337140000 133,150,000| 133,160,000 133,170,000| 133,180,000/ 133,190,000 133,200,000
Basic Gene Annotation Set from GENCODE Version 23 (Ensembl 81) [)E
RALGDS GBGT1 §H OBPZzH
RALGDS <] GBGT1 i§ 1 OBPZH
RALGDS KK GBGT1 i§ 1 OBP2f
GBGT1 i} {
GBGT! | {
. SN
Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for I 1 - 1
mf\ﬁ.:tart{ . track options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or right to new m u tl reg I O n

position.
track search | default tracks \ default order | hide all \ | _manage custom tracks | track hubs \ configure { multi-region
——— Use drop-down controls below and oress refresh to alter tracks diW

rse | resize | refresh |

| Scale 1kb| [ hgas
- ; . - chrd: | | 133,154,000/ | | |
Conflgure MUIt|'Reg|0n V|ew X Basic Gene Annotation Set from GENCODE Version 23 (Ensembl 81)
RALGDS e | — ceaT! el HI——K
raLGDS ———jm
RaLGDS - cecT! m—— B [ —
GBGTT —-It
czleqetl ______— I | 1
Exit multi-region mode — oerze mm——Jil
- - _r oepzp e [l
« |Show exons using GENCODE v22.  Use padding of: 6 bases. — oepze il

Pseudogene Annotation Set from GENCODE Version 23 (Ensembl 81)

Show genes using GENCODE v22,  Use padding of; 6 bases,

Custom regions from BED URL:

: T Scale 10kb|  hgas
Show one alternate haplotype, placed on its chromosome, using ID: chrl_KI270762v1_alt erre IR L Ty LR ap—— | as1s0000]
User Supplied Track
) Basic Gene Annotation Set from GENCODE Ver;ion 23 (Ensembl 81) *

ahli i ione i Craaion vi RALGDS GRGT 1

0 Highlight alternating regions in multi-region view RaLcDs asy i .

RALGDS B ellenl | 1

fcl:icinll | 1

submit Help GBGT1 | 1
oBPzB KH
y OBPzB BHH
0ePzB HH

| Ol Allelic Yariant SNPs

17




Demo and Exercise 1

* Finding your gene of interest

— number of transcripts

 Comparing RefSeq, Ensembl and GENCODE
models
— EST evidence

e Codons and amino acid



UCSC Tracks”

Regulation - ENCODE
Expression - GTEX
Variation

Comparative Genomics

*Incomplete listing



ENCODE

* Encyclopedia of DNA Elements

» ldentify functional genomic elements

»DNA Elements: TF, histone modification, RNA
binding protein, etc.

> Various tissues and cell lines

* Extended to other model organisms
(modENCODE)

» UCSC has human/mouse: hg19 contains more
data/tracks than hg38



ENCODE track: use settings to select

$&ENC

RNA-seq...
BErEETe

CSHL Long RNA-seq Track Settings

E

4!_;)\( Long RNA-seq from ENCODE/Cold Spring Harbor Lab (sENC RNA-seq)

specific samples/datasets

ENC RNA-seq Super-track Settings

MENCODE RNA-seq Tracks (i expession tracksy

Display made: [lide |+ | Submit

[ty 1))

[« [dengpy |- CSHL Long RNA-seq Long RNA-seq from ENCODE/Cold Spring Harbor Lal

L

=y
RNA-seq from ENCODE/HAIB
RNA-seq from ENCODE/Stanford/Yale/USC/Harvard

nse |- HAIB RNA-seq
v [dense |- SYDH RNA-seq

Click to
Get more
info

Description
RNA sequencing, or RNA-seq, is a method for mapping and quantifying the total amount of RNA transcri|

otherwise known as the transcriptome, for any organism that has a genomic DNA sequence assembly. C

ENCODE at UCSC Downloagyf Subtracks| Descript

Cell Line +]- +- + - v -

A549 whole cell polyA- RNA-seq Minus signal Rep
A549 whole cell polyA- RNA-seq Plus signal Rep 1
A549 whole cell polyA+ RNA-seq Minus signal Rep
A549 whole cell polyA+ RNA-seq Plus signal Rep 1

Y=
L Whole C Cytosol
* =LAl Cell
Maximum display mode: | full Submit | Cancel | Reset to defaults Select subtracks further by: (select multiple categories and items - help)
Select views (help): RNA Extract: Replicate rank:
2e8)- All All
Contigs | hide Plus Signal | full Minus Signal | full Splice Junctions | hide Alignments | hide
Select subtracks by localization and cell line: List * only visibl all (4 of 735 selected)
“1=lan Whole Cell Line!! Localization!2RNA Extract' Views!4 Replicate rank!5 Track Name
L Cell Chr Cytosol Nucleolus Nucleoplasm Nucleus v [ # A549 Whole Cell  PolyA- Minus Signal 1st
Cell Line +|= +|= + = +]= +|= +] = v [ # A549 Whole Cell PolyA- Plus Signal 1st
GM12878 (Tier 1) * - ] # A549 Whole Cell PolyA+ Minus Signal 1st
ZE v [l # A549 Whole Cell PolyA+ Plus Signal 1st
H1-hESC (Tier 1) 401735 selected
K562 (Tier 1) * .~

A549 (Tier 2) [+ 1= D

[y

AS49 cel pA- + 1 -
1 _

Submit

crral i 1 23, B, 99w 2 I, DEY|

. S 22
drag select or click to zoom |y, GenBank,

BC 41449 <

S001 el

RefSeq Genes [
160 _ AS49 whole cell poluyf- RHA
AS49 cel pA- - 1
1 _ /[ 41
188 _ AS49 whole cell poluyf- RNF

AS49 cel pA+ - 1

AS49 cel pA+ + 1 -_
1 _

laaga _ A543 whole cell poluf+ RHA
1 _ J - —_— —_
laa _ AS49 whole cell poldf+ RMNF

N NmWammmim)
100 _ HEKZTAC Mark (Often Found Near ACEiv

Lavered HSK27AC

DNasel Hupersensiti

21



ENCODE track: configuration

AS49 cel pA- - 1
18

8 _
1 _

AS49 cel pA+ - 1
1686

AS49 cel pA+ + 1 ]
| : hide
Layered H3K2'
dense
DHase Ciu squish
J Txh Factor
4 pack
184 Vert, Cot J fl.l"

r"l" - Configure A549 cel pA+ + 1

A549 cel pA+ + 1 Track Settings x

W/]/iw A549 whole cell polyA+ RNA-seq Plus signal Rep 1 from

ENCODE/CSHL
Display mode: I full j

Type of graph: I bar j
Track height: |24 pixels (range: 16 to 100)

Data view scaling: | use vertical viewing range setting B Always include zero: | OFF j
= SmcrF use vertical viewing range setting . .
Vertical wewmg! auto-scale to data view max: IIDD (range: 1 to
range: 838938)

Transform data points by:
NONE v

| .
| Windowing function: I mean+whiskers j Smoothing I OFFE

window: pixels

Transform function:

Negate values: [

t n Draw y indicator .
E1e % Configure CSHL Long RNA-seq track set... . lines: 2t ¥ = 0.0:OFF[:] aty =Jo |oFF-]
ch i Graph configuration help
H_tropi I
zebre @ View image Y[ Apply [ oK |

AS49 cel pA- - 1

166 _
AS49 cel pA- + 1
1 _
AS49 cel pA+ -
aza2¥_
AS49 cel pA+ + 1
— 1 -
| 166

click & drag to
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More Info
genome.ucsc.edu/ENCODE

ENCODE
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Antibody Targets
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files

* tracks

search for:

€
]
£
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*
w

uoijeajipojy auolsiH
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Browser
(hg19)
Experiment
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13d-VYNa
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13d-VIUd
1]

xiew mela | bas-djyo

Experiment

Assays
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bas-yNY |lews
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13d-VNY

diys-yNy

Keury uoxg

39VI
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files

* tracks

search for:
Cell Types

GM12878

H1-hESC
K562

Tier 2
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ENCODE: search tracks

m

/ﬁ‘ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us
Search for Tracks in the Human Feb. 2009 (GRCh37/hg19) Assembly
HumanDataat  [I Search Advanced
ucsc
Eroumionas Track Name: contains
;xx:é'ime"' and Description: contains
e : and Group: is Any -
fm and Data Format: is Any -
Browser ENCODE terms
(hg19) ) E] and Antibody or target protein - is among|zaTA1 Antibody or target protein
Experiment
Lis‘: [- ]+ Jand Cell, tissue or DNA sample - is among Any Cell, tissue or DNA sample
Collipse [ -] + Jand vView - Peaks or Signals - is among|any )
xgtéﬁcﬂ Data at
pownigeee | | search || clear || cancel |
Experiment
[+]-] Visibility Track Name
T | hide K562 GATA1 K562 TFBS Uniform Peaks of GATA-1 from ENCODE/USC/Analysis ~
2 | hide PBDE GATA1 PBDE TFBS Uniform Peaks of GATA-1 from ENCODE/USC/Analysis ¥
T R i s ara 4 e 6 e 1 e — . e~ Aaa 4 F At i . -
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Demo and Exercise 2

 Use ENCODE data to look for TFBS, and gene
expression (RNA-Seq) for your favorite gene



Expression™: GTEXx

* Genotype-Tissue Expression (GTEx) project to study ~8600
tissues from ~600 (post-mortem) adults.

* Track is displayed by default in hg38, available in hg19 as well

=cal ia kb| hola
chra: 136,135, aaa| 136,148, aaa| 136,145, aaa| 156,158, a@a|
UCEC Genes (Reffeq, GenBank, CCDE, REfam, TEMA=s & Comparative Genomicsh
D] e ] } } 1
AED e
AEC e
AED e = + 1
i RefIeq Genss
| | Refseq Genes iR i 1 1 I
Gene Expression in 53 tizsues frrom GTEx RMHA-zeq of S555 samples (S78 donors ]

o _ LG b il =

left-click to configure track:
select specific tissues

Tissues are color-coded

“Click to get all
expression
in a boxplot

*Other expression tracks available as well, eg. RNASeq from ENCODE and array data 26



Variation

e Variants from several resources available:
dbSNP, 1000 Genomes Project and ExXAC

Toale
chra!

[

18 kpf

136,135, aaal

136, 148, saa|

| hats

136,145, aaal 136, 158@, aaa|
UCEC Genes (RefiSeq, GenBank, CCODS, Rfam, tRMAS & Comparat ive Genomics)
1 1 1]
L] |

Refiey Geres i

EefIeq Genes

T
Commor EHE=CL47 | E IO e e

1EDt de Folamorphisms (dbEHF 1472 Found in

RN TR ] IIII|II IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIII IIII IIIIIIIIIII IIIII IIIIII III IIIII IIIIIIIIIIIIIIII LT LT R LN T TR LN
Eegiol

Exome Aggregation Consortium CExAC)

Variants and Calli

lad8;: Fh3 Vars
ExAC Reg it EEEFE [ ¢] E - |
ExAC War iant, [ ] H i B

dbSNP track color-coded:
Blue: UTR or ncRNA variant
Red: coding non-synonymous
Green: coding synonymous



Comparative Genomics: Conservation

Scale i@ I{bI I haia
chirg: 136,135, aaa| 136,148, aaal 136,145, aaa| 156,158, aas|
UCEC Genes (RefSeq, GenBank, CCDS, RFam, TRMAS & Comparative GEnomics:
[GEON i } } } i
AEC e - + ¥ + -
AEC a
| AED e -
RefSedy Genes
| Refieq Genes iR I 1 1 1 I
4,585 _ 1aa wertebirates Basewise Conserwation by Fhd1oF
188 Yert, Cohs h “ ]
8 - . RN PP ) bt L,
—4.5 _
MUITiZ Alignments of 188 Yertebrates
Fresus (TINNEEESSENIEN  DOSSSENN SNV 0 O U T O I T AN O X [0 T N T 11 1
Mouse \
o hnog ——W LU0 0 SNETE TR 00 O T O MO -\
ephan
Chii cken —— Ik 110 \
— A_tropicalis i
Zebraf izh| | [ T |
) Lamprey E:l‘ \

left-click to configure track: Hviop b \ -
select species PhyloP basewise conservation: ranges

S From -20 (least conserved) to

Multiz Al t& C ion (100 Species) (sAll Comparstive Genomics tracks)

.
Maximum dispiay mode: [7 T+] | Subm | | Cansel | Reset to detauts .
P . MOStT conserved); other options
Muitz Alignments (o (<]  Basewise Conservation (phyloP) [Tl |-]  Element Conservation (phastCons)[ide |+]  Conserved Elements [l |~
Multiz Alignments Configuration .
s B include PhastCons and GERP
Primare =11
chimp goilla 1] arangutan gibban 9 mhasus
crab-aating macaqus 1| baboon 1 grean morksy ) marmoset 1) squiel monkey
bushoaty
—r . .
Euarchontoglires =] = °
g, ertebrate Multiz Alienmen
goden hamster % mouse at naked male.at I punea pig
la brush-tadod ra ) rabbit pika
Laurasiatheria [*1=] . .
slpaca bactran camel 1 7 dolphin iller whale.
tostan anteiopa 1 cow sheep domestic goat 1 horse
w ceros I cat % dog ar panda
weddell saal 1 black fiying-fox | megabat david's myois (vat)
big brown bt I hedgonog shew star-nased moa
Atrotneria = = .
# elophant 1 cape claphant strew I manatee I cape galden male I fenrec [ ]
aardvark -
Mammal 2]
armadillo I opossum [ tasmanian devil 1 wataby [ platypus
siras 1]
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Add custom track

Add Custom Tracks

clade Mammal genome Human assembly Feb. 2009 (GRCh37/hg19) -

Display your own data as custom annotation tracks in the browser. Data must be formatted in bigBed,

bigGenePred, bigWig, BAM, VCF, BED, BED detail, bedGraph, broadPeak, GFF, GTF, MAF, narrowPeak,
Personal Genome SNP, PSL, or WIG formats. To configure the display, set track and browser line
attributes as described in the User's Guide, Data in the bigBed, bigWig, bigGenePred, BAM and VCF
formats can be provided via only a URL or embedded in a track line in the box below. Examples are here.

Paste URLs or data: Or upload: | Browse... No file selected. Submit

chrl 28482 30214 H3k4:
chrl 893302 897365 H3kd
chrl 1308717 1312134 H3k4
chrl
chrl
chrl 62

3_chrl_peak 2

chrl_peak_22
hrl peak 89
83 1337264 H3kime3_chrl_peak 90
1656745 H3kdme3 chrl peak 128
6260682 H3k4 chrl_peak_294
6615846 H3kd hrl_peak_329

S ANAASEA ANRTTIE HAkAma? ~hvl mask 361

OR

Update Custom Track: Control [hg19]

Update your custom track configuration, data, and/or documentation. Data must be formatted
in bigBed, biaGenePred, bigWig, BAM, VCF, BED, BED detail, bedGraph, broadPeak, GFF,
GTF, MAF, narrowPeak, Personal Genome SNP, PSL, or WIG formats. To configure the
display, set track and browser line attributes as described in th@ User's Guide. Data in the
bigBed, bigWig, bigGenePred, BAM and VCF formats can be gyovided via only a URL or
embedded in a track line in the box below. Examples are here.

Edit configuration:

track type=bam name="Control"™ description="Control"
bigDataUrl-http://tak.wi.mit.edu/solexa ucsc/hotTopics

/GenomeorawsersMar2016/H3k&3chrl . bham

Submit

Manage Custom Tracks

genome: Human

Name

User [User Supplied

Track S

assembly: Mar. 2006 (NCBI36/hg18) [hg
Description ' Type Doc Items Pos view i

URL

File format: above links
Or view in
http://genome.ucsc.edu/FAQ/FAQformat.html

Genon

9o |

chri: s}

/ Track

r

track name="'User Track' description='User Supflied Track’

track name="'sample peaks' description='sample peaks'

Scale
chrl

J kK4me3_chril_peak_2
i =i

25, 000| 25,500/

29,000

2 kb}
29,500 36,000 38,500

samp e peaks

31,@

EhTTAOE Db e o

=mmed Desramstsas Sesmmss i =stoasd Wostsacces bd=oe s

WI UCSC Browser: membrane.wi.mit.edu

URL for viewing files: http://tak.wi.mit.edu/solexa_ucsc/
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http://genome.ucsc.edu/FAQ/FAQformat.html

File Formats

BED: regions
Enriched Chip-seq signal
PO (o) g U <] 1g o [[1F-
o e _Snm
* BED

RefSeq Genes
S0D1

J . ption Factor Binding Sites -Sed rom t
**bigBed

1 KS62 GATAl1 (3C-266) IaG-mus ChIF-sedq Sighnal from
* GFF/GTF

Y WlG "AS49 whole cell po YA+ RNA-seq Flus signal Rep 1 Fr
Wig(gle): continues signal
X bedGraph Chip-seq signal
“*bigWig T B

* BAM =

AS49 whole cell polgf
L o L - - -

-
-
- LB L B _ |
- .-
-
-
-
-

BAM: alignment of reads
0zero-based start coordinate RNA-seq alignment
! one-based start coordinate
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UCSC Genome Browser: Tools

Blat

Table Browser

Gene Sorter
LiftOver

Tools Mirrors Downloads
Blat lJ (:::E;‘
Table Browser move
Variant Annotation Integrator =]

Data Integrator

(gl ae=1
Gene Sorter E

ECale
Genome Graphs chra
ili AED =
In-Silico PCR e
LiftOver AED =
. 163068, ARAS
VisiGene 165068, A0 64
18398, aaas
CrEnG 18588, aaad
Other Utilities
4,55

Cons 188 Yerts
B —-n
4.5 _
Rhesus Il
Mouse
Oog =
E1ephant
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Tools: Table Browser

Eile Edit View Higtory Bookmarks Iools Help -;

—_—
| B Table Browser * &

€ ) ® genome.ucsc.edu/cgi-bin/hgTables?hgsid=419904723_ND3QHIdchuhQGQtX3qgl U4BGEr & | Q search T E P AO®

|8 Most Visited || Getting Started || https://agricamwi.mit.e...

Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Table Browser

Use this program to retrieve the data associated with a track in text format, to calculate intersections between tracks, and to retrieve DNA
sequence covered by a track. For help in using this application see Using the Table Browser for a description of the controls in this form, the
User's Guide for general information and sample queries, and the OpenHelix Table Browser tutorial for a narrated presentation of the software
features and usage. For more complex queries, you may want to use Galaxy or our public MySQL server. To examine the biological function of
your set through annotation enrichments, send the data to GREAT. Send data to GenomeSpace for use with diverse computational tools. Refer
to the Credits page for the list of contributors and usage restrictions associated with these data. All tables can be downloaded in their entirety B
from the Sequence and Annotation Downloads page.

clade: Mammal - genome: Human - assembly: Feb. 2009 (GRCh37/hg19) -
group: Genes and Gene Predictions - track: UCSC Genes - [ add custom tracks H track hubs ]
table: knownGene - | describe table schema ‘e

region: © genome © ENCODE Pilot regions © position chr14:54416455-54423554 | lookup | | define regions |

identifiers (names/accessions): | pastelist | uploadlist

filter: create | €=
intersection: <
correlation:

output format: all fields from selected table - Send outputto © Galaxy © GREAT © GenomeSpace
output file: - all fields fron* selected table '
file type returned: © plain te| selected fields from primary and related tables

sequence

[ get output H summary/statistics l' GTF - gene transfer format

To reset all user cart settings (i o2l eSS HONENE 0 SNEEE

1 custom track
" hyperlinks to Genome Browser i
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Demo and exercise 3

* Load peaks (bed format) derived from ChlP-
seq:

e GM12878 H3K36me3 Histone Mods by ChlP-seq Peaks
from ENCODE/Broad

* To save time, only peaks in chr22

* |dentify the Refseq genes that could be
regulated by H3K36me3

— Go to the Table Browser:
— Choose RefGene table
— Intersect with the above uploaded track



https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk
https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=489560083_1AkFPPP59SxaeKkp5SZ7e1yFbpcl&g=wgEncodeBroadHistoneGm12878H3k36me3StdPk

Tools: LiftOver
Genome/Build Conversion

>\
A Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/h PoFPs €— Save to fil
move zoomin 1.5x  3x | 10x | base |zoom out| 1. DNA

chr9:132,929,827-133,458,017 528,191 bp. ‘ enter position, gene symbol or search terms (eI I =S (e R
In External Tools

chrg (q34.13-q34.2) 5 | BE aq12 ‘B E B & EB encemb
Scale 200 kb} NCEI
| chra:  133,000,000] 133,100,000| 133,200,000 Configure Brows )
1 User Supplied Trat Multi-Regio

Basic Gene Annotation Set from GENCODE

TSCH GTF3Cs =i GBGT1 |4 :

Tsc1 <K GTF3cs HHM GBGT1 4 | Default Track Order :

GFIB I CEL Hm GBGT1 H Reset All User Settings
MIRS4BAW | GTF3cs HHA GBGT1

RP11-7a5G744  H GTFacs b=kl GRGT1 hMFNZ7 B

Convert chr9:132929827-133458017 to New Assembly ¢

Old Genome: Old Assembly: New Genome: New Assembly:

Human Dec. 2013 (GRCh38/hg38) Human - Feb. 2009 (GRCh37/hg19) - Submit
Human |
Mouse
Bonobo
Cat
Chimp
Cow
Dog
Marmoset
Mouse lemur
Opossum
Rat
Rhesus
Sheep
Squirrel monkey
Tarsier
X. tropicalis
Zebrafish

e
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LiftOver: Genome/Build Conversion —
Multiple Regions

Lift Genome Annotations

This tool converts genome coordinates and genome annotation files between assemblies. The input
data can be pasted into the text box, or uploaded from a file. If a pair of assemblies cannot be
selected from the pull-down menus, a direct lift between them is unavailable. However, a sequential
lift may be possible. Example: lift from Mouse, May 2004, to Mouse, Feb. 2006, and then from
Mouse, Feb. 2006 to Mouse, July 2007 to achieve a lift from mm5 to mm9.

Original Genome: Original Assembly: New Genome: New Assembly:
7\ Human . Mar. 2006 (NCBI36/hg18) - Human 2 Dec. 2013 (GRCh38/hg38) -
Genomes Genome Browse Tools Mirrors Download Dec. 2013 (GRCh38/hg38
UCSC Genome Browser on =" ¢ Feb. 2009 (GRCh37/hg19)
move <<< | << | < | > | >> | >>> zog Table Browser 2 May 2004 (NCBI35/hg17)
chr9:132,820,827-133,458,017 528,191 by Variant Annotation Integrator Minimum ratio of bases that must remap: 0.95

Data Integrator B

Gene Sorter

[chrs (g3a13-q342) [T N B 1] Genome Graphs g
Scale In-Silico PCR r
J chra: 133,000
J K VisiGene
peal .
‘ « Other Utilities Paste in data (BED or [l B e szl el e1s):
chrl 28482 30214 H3k4me3_chrl_peak_ 2 374.48264
chrl 893302 897365 H3k4me3 chrl peak 22 270.58401
chrl 1308717 1312134 H3k4me3 chrl peak 89 250.05434
chril 1333183 1337264 H3k4me3 chrl peak 90 267.37643
chrl 1654286 1656745 H3k4me3 chrl peak 128  253.96024 Submit
chrl 6258458 6260682 H3k4me3 chrl peak 294  260.46448
chrl 6612691 6615846 H3k4me3 chrl peak 329  250.05434 Clear
chrl 8084554 8087736 H3k4me3 chrl peak 361  370.2485

Or upload data from a file (BED or chrN:start-end in plain text format):

Browse... No file selected. Submit File
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align sequences

A Genomes  GenomeBrowser Tools  Mirors  Downloads  MyData  Help

Tools: blat

About Us

Human BLAT Search

Table Browser

Variant Annotation Integrator

BLAT Search Genome
Data Integrator
Genome: Assembly: Gene Sorter put:  Output type:
fe [« [hyperink =

Human * Dec. 2013 (GRCh38/hg38 Genome Graphs
> In-Silico PCR

Liftover

VisiGene

GTCTGAGH]

submit || I'mfeeling lucky | clear

Paste in a query sequence to find its location in the the genome. Multiple sequences may
be searched if separated by lines starting with *>' followed by the sequence name.

File Upload: Rather than pasting a sequence, you can choose to upload a text file
containing the sequence.
Upload sequence: | Browse... | No file selected. _ submit file

Only DNA sequences of 25,000 or fewer bases and protein or translated sequence of 10000
or fewer letters will be processed. Up to 25 sequences can be submitted at the same time.
The total limit for multiple sequence submissions is 50,000 bases or 25,000 letters.

For locating PCR primers, use In-Silico PCR for best results instead of BLAT.

Human BLAT Results

BLAT Search Results

Go back to chr9:133252000-133280861 on the Genome Browser.

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHRO STRAND START END SPAN

VieW a”gnment in browser browser details my seq 1007 3 1015 1015 100.0% 18 - 50284737 50286859 2123
Nbrowser details my_seq 25 564 588 1015 100.0% 12 - 121453162 121453186 25
browser details my seq 24 460 483 1015 100.0% 1 = 18049185 180495218 24
browser details my seq 24 460 483 1015 100.0% 8 + 133055819 133055842 24
browser details my_seq 23 460 482 1015 100.0% 11 - 122989620 122989642 23
browser details my_seqg 23 530 556 1015 79.2% 1 = 10058614 10058637 24
browser details my seq 253 460 482 1015 100.0% 17 + 66654416 66654438 23
browser details my seq 22 462 483 1015 100.0% 16 = 33984910 33984931 22
browser details my_seq 22 462 483 1015 100.0% 4 + 78870925 78870946 22
browser details my seq 22 462 483 1015 100.0% 1 + 2629376 2629397 22

bro - details my_seqg 21 466 486 1015 100.0% 7 — 154968896 154968916 21
browser details my seq 21 466 486 1015 100.0% X + 71140831 71140851 21
browser details my_seq 21 873 893 1015 100.0% 6 + 34081271 34081291 21
browser details my_segq 21 463 483 1015 100.0% 4 + 188270839 188270859 21
browser details my_seq 20 903 922 1015 100.0% 1 = 29594014 29594033 20




Sort by criteria: eg. similarity,

gene expression

Tools: Gene Sorter™

Enter gene of interest

Genome Browser  Tools Mirrors Downloads My Dat. Help About Us

A

Genomes

UCSC Human Gene Sorter

\

genome N
sortby Protein Homology - BLASTP

.

sequence

~ assembly Feb. 2009 (GRch37/hg19) ~ search

- filter (now off) | display 50

text

~ output

About the Gene Sorter

This program displays a sorted table of genes that are related to one another. The relationship can be one of several types, including protein-level homology, similarity of gene expression profiles, or genomic proximity.
To display a gene and its relatives.

1. Select a genome and assembly from the corresponding pull-down menus.

2. Type a word or phrase into the search text box to specify which gene should be displayed in the Gene Sorter. Examples of search terms include FOXA2, HOXA9, and MAP kinase

3. Choose the gene relationship with which you would like to sort the list by selecting an option from the sort by pull-down menu.

4. Press the Gol button to display your results.
Following a successful search, the Gene Sorter displays a table containing the specified gene — highlighted in light green -- and its relatives, each on a separate line. To adjust the number of rows shown, select an option from the dispfay pull-down menu.
The default set of table columns -- which can be expanded, reduced, and rearranged via the configure button -- shows additional information about the genes. Some of the column data, such as those in the BLAST E-value and %D columns, are calculated relative
1o the highlighted gene. To select a different gene in the list, click on its name. Clicking on a gene's Genome Position will open the UCSC Genome Browser to the location of that gene. Similarly, clicking on a gene's Description will open a page showing detailed
information about the gene
One of the most powerful features of the Gene Sorter is its filtering capabilities, accessed via the filfer button. Use the filter to fine-tune the list of displayed genes to a subset based on a selection of detailed and flexible criteria. For example, the filter may be used
1o select all human genes over-expressed in the cerebellum that have GO-annotated G-protein coupled receptor activity.
The Gene Sorter offers two options for displaying and downloading sequence associated with the genes in the table. Clicking on the sequence button will fetch associated protein, mMRNA, promoter, or genomic sequence. To dump the table into a simple
‘tab-delimited format suitable for import into a spreadsheet or relational database, click the fext button.
The UCSC Gene Sorter was designed and implemented by Jim Kent, Fan Hsu, Donna Karolchik, David Haussler, and the UCSC Genome Bioinformatics Group. This work is supported by a grant from the National Human Genome Research Institute and by the
Howard Hughes Medical Institute.

UCSC Human Gene Sorter

~ assembly Dec. 2013 (GRCh38/hg38) ~ Search ucosdwua.l

- output

genome Human

sortby Protein Homology - BLASTF filter (now off) | display 25

*Not available for all genomes

o ] a
g = 8
Bt 25 s 2| &
383 Boml 2
Se3 e=s2 <
F8&8|88aa| g _ogpLasTe
#|Name isiGene|3 =S @ |5 8 § 22355 § [Eval Position [Description
£S53 788082835
1laBO n/a [ ] [ [ chrg 133 265 408[The sequence shown here is derived from an Ensembl_automatic analysis pipeline and should be considered as_preliminary data_(from UniProt AOAO87X009
2|GBGT1 |n/a n/a n/a ”49—70 chr9 133,158 ,449[Homo sapiens globoside alpha-1.3-N-acetylgalactosaminyltransferase 1 (GBGT1), franscript variant 1. mRNA. (from RefSeq NM_021996)
3|A3GALT2|n/a [ ] I =52 [chri 33.313.932 [Homo sapiens alpha 1,3-galactosyltransferase 2 (A3GALT2), mRNA. (from RefSeq NM_001080438)
4|GLTED1 |n/a [ ] I 3= 31 |chre 135 631.598|Homo sapiens alycosyltransferase 6 domain containing 1 (GLTED1). MRNA_(from RefSeq NM_182974)



Track Data Hubs

ﬁ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Track Data Hubs

Track data hubs are collections of external tracks that can be imported into the U racks show up under the hul
main browser page, as well as on the configure page. For more information, see tmergsersTESmmeTTomporrarpublic hub click its "Cannect

NOTE: Because Track Hubs are created and maintained by external sources, UCSC is not responsible for their content.

Public Hubs My Hubs

Enter search terms to find in public track hub description pages:

methylation [ Search Public Hubs

Displayed list restricted by search terms: methylation l Show All Hubs l

Clicking Connect redirects to the gateway page of the selected hub's default assembly.

Display Hub Name Description — Assemblies
Roadmap Epigenomics Data Roadmap Epigenomics Human Epigenome Atlas
" Connect | Complete Collection at Wash Data Complete Collection, VizHub at hg19
U VizHub Washington University in St. Louis
Connect | ENCODE Analysis Hub ENCODE Integrative Analysis Data Hub hg19
. Hundreds of analyzed methylomes from [+] hg38, hgl9, hgil8,
Ml MLty bisulfite sequencing data mm9, mm10, panTro2...
[+] hg19, hgl8, mm10,
Connect | UCD Methylation UCD DNA methylation data mm9, bosTau7,
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Share/Save Session

ﬁ‘ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us
Sign in to UCSC Genome Bioinformatics m
i Track Hubs
Login

Create an account Custom Tracks

Signing in enables you to save current settings into a named session, and then restore settings from the session later.
If you wish, you can share named sessions with other users.

Session Management

See the Sessions User's Guide for more information about this tool.

Click here to reset the browser user interface settings to their defaults.

If you sign in, you will also have the option to save named sessions.

Save Settings

Save current settings to a local file:

file: file type returned: plain text - \

(leave file blank to get output in browser window)
Restore Settings

Use settings from another user's saved session:

user: session name:
Use settings from a local file: No file selected.
Use settings from a URL (http://..., ftp://...):




Ensembl
ensembl.org

Website was launched in 2000
Joint project by EMBL-EBI and Wellcome Trust
Current Ensembl release: 89 (May 2017)

Not just a browser - an automated genome
annotation pipeline

— includes hand-curated gene annotation (eg. Vega and
Havana)

BioMart allows easy access to (download) most
of the Ensembl data



Ensembl Browser

Select species or Enter
genome gene

esrch Humon - for 480 s What's New in Ensembl Release 89 (May 2017)

g BRCAZ or rat 5:62797383.63621669 of 13699 of coronary heart disease « Microaray Probe Mapping Update
« Mouse: updato to Ensembl Havana GENCODE gene sot
« Map array probes onto 15 mouse sirains

Browse a Genome Find 3 Data Display « Boacon endpoint

Sl O « Mouse: updated cONA alignments

T, BUAT

Favourte genomes

Human ouse
acas Ao 5 Variant Effoct Prodicior Gene expression in different tissues

iy 2001 el ',J;\:‘ & Tweets o

£~ Soarch all species
All genomes
Select 2 species -

View ol st of sl En

Still using GRCh37?

We have 2 separats site dedicated to the GRO!
the latest ankne tools mcludng VEP, Data Slic

ABO, sipha 13-} jalactosaminyfransferase and

a 1-3-galact

fransferase [Source:HGNC Symbol:Acc: HGHC T2

Calcutator d |, Synonyms AIGALTY, AJGALNT
condary Structure Locat [¢ 133 trand.
aam mara about how to migeato your datafo GRCH = Con Genomics GRCH38.CMOD0GT1 2

Genomic

About this gens This gens has 3 tra
Transcripes
: Summary @

EMBL-EBI

" Name

Re

Overlapping RefSeq Gene |D 28 matches and has similar biotyps of protein_cading

Ensembl version EM

assembl
NSG

Other assemblios = no ungapped mapping of this gene onto the GRCH3
this loc 17516460

& o
tion Gene type
elerances )
Supparting eviden wtation method e
S 1D History

otation Attributes

oa<EEED Do o

ib

Go to Region in Detall for more tracks and navigation options fe.g. zooming)

=5 Share this page FEECTTY FEEECITY FEFELTY FEEEITY
Contigs B
B Boakmark this page Genes [— }
eshansie <AB6-301
(Comarshensive st A —
- — —
< aB0-203
prokein coding
— A =
< B0 202
rctein cading
Regultory Build [ mm 1
SSe. EEE i ey
femrsn st sk
Gane Legend
Protein Coding Non-Protein Cading
- Escrbl protein coding . processed branscript

41



Gene-based displays

2 Summary

 Splice variants

I Transcript comparison
— Gene alleles

- Sequence

L Secondary Structure
Comparative Genomics

<:— ene tree

- Gene gain/loss tree
 Orthologues

- Parzalogues

— Ensembl protein families
- Ontologies

~ GO: Biological process
~ GO: Cellular component
— GO: Molecular function
Phenotypes

- Genetic Variation

I~ Variant table

- Variant image

— Structural variants

I~ Gene expression

I Regulation

I External references

I~ Supporting evidence

= ID History

L Gene history

{1}
i}

{1}
i}

4 Export data

= Share this pa

Ensembl: Gene Tree

FE B th

Lobe-finned fish: 37 homalogs

— Placencal mammals: 14 homologs

Laurasiatherian mammals: 11 homologs

L

Rodents and Rabbits: 13 hamologs
Wet nose lemurs: 2 hamologs
Oid World monkeys: 3 homalogs

Hominines: 2 homologs

480, Human
ABO, Marmaset

Placental mammals: 9 homalogs

L 1280, Opossum

Platypus: 4 homalogs
enopus: 9 homelogs

Chinese softshel turtle: 4 homologs

—
—
—
L
L
[

0 ghgrilz, Lamprey

anopus: 2 homologs
Birds and turdes: 4 hamologs

Ray-finned fishes: 24 homologs

Vertsbrates: 3 hamologs

——« Marsupile nd lcaesl mammale: 06 hereloge

LEGEND

Branch Length

— x1 branch length
- x10 branch length
- X100 branch length

Nodes

o

o

gene node
speciation node
duplication node
ambiguous node
gene split event

Genes
Gene ID gene of interest
Gene ID  within-sp. paralog

Collapsed nodes
collapsed sub-tree

4 collzpsed (this gene)

< collapsed (paralog)
(x10 branch length)
(x100 branch length)

Collapsed Alignments Expanded Alignments
[] 0-33% aligned seq gap

[ 33 - 66% alianed seq aligned seq

B 55 - 100% aligned seq
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BioMart

BLAST/BLAT = BioMart | Tools | Downloads | Help & Documentation | Blog

> tow ] & Count [ Rosute |
Dataset Ensembl Genes 89 -
Human genes (GRCh38_p10) < Choose Data base :

: Human genes (GRCh38.p10)
Filters

e * Ensembl Genes
Transcriptstable 1D Mouse Strains
e Ensembl Variation
Ensembl Regulation

Select Genome
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BioMart: Filter for Input

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog

=

Please restrict your query using criteria below

[> i [ 8 coun

Dataset T (If filter values are truncated in any lists, hover over the list item to see the full text)
REGION:
[ND".G selected] = GENE
LU [0 Limit to genes (external references). With CCDS ID(s) ~ @Only
Gene stable ID © Excluded

Transcript stable ID

[T Input external references 1D list [Max 500 advised] Gene stable ID(s) [e.g. ENSG00000000003]
Gene stable ID(s) [e.g. ENSG00000000003]
Dataset
N Selected Transcript stable ID(s) [e.g. ENST00000000233]
one oSelecte
[ ] Protein stable ID(s) [e.g. ENSPO0000000233]

Exon ID(s) [e.g. ENSED0000327880]
Gene Name(s) [e.g. snoZ6]

F I Ite r by [0 Limit to genes (microarray probes/probesets)... Transcript Name(s) [e.g. sno76.3-201]

CCDS ID(s) [e.g. CCDS10] —|ded
[ ] Re I O n [ Input microarray probes/probesets ID list [Max 500 advised] ChEMBL ID(s) [e.. CHEMBL1075002] .
Clone-based (Ensembl) gene ID(s) [e.g. AB015752.1]

Clone-based (Ensembl) transcript ID(s) [e.g. AB015752.1-201]

() G e n e Clone-based (Vega) gene ID(s) [e.g. AB015752.3]
Clone-based (Vega) transcript 1D(s) [e.g. AB015752.3-001]

DataBase of Aberrant 3' Splice Sttes name(s) [e.g. ABCCS]

«  Phenot |
eno ype 1 Transcript count == DataBase of Aberrant 3' Spice Sites ID(s) [e.0. 1]

DataBase of Aberrant 5' Splice Sites name(s) [e.g. ABCD1]

G O [0 Transcript count <= DataBase of Aberrant 5' Splice Sttes 1D(s) [e.g. 1]
Ensernbl Human Transcript 1D(s) [e.g. ENST00000003084]

Ensembl Human Translation ID(s) [e.g. ENSP00000003084]
[ IVI u It i S e C i e S EntrezGene transcript name 1D(s) [e.q. AAD6-201]

p European Nucleotide Archive ID(s) [e.g. A06800] o
IG:D:gene

comparison I

1G_pseudogene
o P rote i n [0 Transcript type :E;i;ne:;zver\apping,ncRNA
. bidirectional_promoter_IncRNA
domains/fam

e Variant

[ Gene type

[m] »
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BioMart: Attributes for Output

BLAST/BLAT | BioMart |

[ o | 8 count | @ |

| Help & Documentation | Blog

Dataset
Human genes (GRCh38 p10)
Filters
Nona.selected]
Attributes
Gene stable ID
Transcript stable ID

Features O Variant (Germline)
= Structures Variant (Somatic)
© Homologues ©' Sequences

2 GENE

Dataset
[None Selected]

Gene stable ID

@ Transcript stable 1D

[0 Protein stable ID

[C1Exon stable ID

[C]Gene description

[C Chromosome/scaffold name
[T Gene start (bp)

[[1Gene end (bp)

[E1Strand

[CIKaryotype band

[ Transcript start (bp)

[ Transcript end (bp)

[ Transcription start site (TSS)
[ Transcript length (including UTRs and CDS)
[ Transcript support level (TSL)
CIGENCODE basic annotation

Phenotype

[ Phenotype description
[ Source name

[T Study external reference

EXTERNAL
PROTEIN DOMAINS AND FAMILIES:

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

[CJAPPRIS annotation
[ Gene name

[ Source of gene name
[E Transcript name

[Z Source of transcript name
[Z Transcript count

% GC content

[ Gene type

[FI Transcript type

[T Source (gene)

[Z Source (transcript)
[Tl Status (gene)

O Status (transcript)

[ Version (gene)
[FVersion (transcript)

[ Strain name
[T Strain gender
[P value

Datasets -> Filters (filtering and inputs) > Attributes (desired output) -> Results

DialMact fosbacial | Vo Token | Vanlf..



BioMart: Attributes for Output

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog

[ ow |8 count ] 8 e

Dataset
Human genes (GRCh38 p10)
Filters

smessalocted]

Peptide
Gene stable ID
Transcript stable I1D

Dataset
[None Selected]

© Features © Variant (Germline)

© Structures ¢ Variant (Somatic)
© Homologues OSequences

8 SEQUENCES:

Sequences (max 1)

© Unspliced (Transcript)
© Unspliced (Gene)

@ Flank (Transcript)

” Flank (Gene)

O Flank-coding region (Transcript)
O Flank-coding region (Gene)

Upstream flank
Upstream flank

Downstream flank
Downstream flank

EADER INFORMATION:

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

25 UTR
©3'UTR
@ Exon sequences
© cDNA sequences
O Coding sequence
@ Peptide

Datasets -> Filters (filtering and inputs) -> Attributes (desired output) -> Results

BinMart futarial | VauTaha | Voo
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Practical Tips

Take careful notes of genome assembly (eg. hg19 vs hg38)
for

— coordinates

— custom browser files

Genome assembly are usually updated every several years,
however, annotation may be updated frequently (eg.
RefSeq)

Data displayed, especially on UCSC Genome Browser, may
be generated from other sources (click on track description
for more info or citation)

Try different genome browsers based on your questions
and needs

— turning-on all available tracks/data will be too noisy: use
relevant tracks only



More Information

UCSC Browser Tutorials
https://genome.ucsc.edu/training/index.html

Free Videos:
https://genome.ucsc.edu/training/vids/index.html

Open Helix:
http://www.openhelix.com/ucsc

FAQ:
https://genome.ucsc.edu/FAQ/

Genomewiki:
http://genomewiki.ucsc.edu/index.php/Main Page

Kent Utils (command-line tools — already installed on tak):
http://hgdownload.soe.ucsc.edu/admin/exe/linux.x86_64/FOOTER
Ensembl Tutorials:
http://www.ensembl.org/info/website/tutorials/index.html
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