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Abstract

Now in its 25th year of operation, the UCSC Genome Browser (https:/genome.ucsc.edu) provides a central location for researchers around the
world to display and compare annotations on assembled genomes. Highlighted updates include a positional heatmap display, used to show data
on functional consequences of mutation from MaveDB; QuickLift, a tool to copy annotation data seen on one assembly for display on another

related assembly; and HubSpace, an initiative to simplify the process
dedicated storage on UCSC's infrastructure.
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Introduction

The UCSC Genome Browser (“the Browser”) is a web-based
resource for the visualization and automated retrieval of ge-
nomic data and annotations that serves thousands of users per
day. The Browser provides support to the community primar-
ily via an interactive display of genomic regions and a REST
API for access to most hosted data. It also includes tools for

variants (No Items Merged in window)

users to load and visualize their own annotation data along-
side those provided by UCSC and to share those visualizations
with other users. All data provided by UCSC are also available
for direct download, apart from a small number of tracks un-
der special restriction by the original data providers.

The primary unit of organization within the Browser is the
assembly, which describes the baseline sequence and set of
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Figure 1. The ClinVar Variants track has been updated to indicate premature termination mutations with shaded diamonds. The diamond icons make it
easier to identify pileups of these variants, which in turn suggest the presence of functionally important regions.

regions present within a genome. Including those within the
GenArk assembly hub system [1], UCSC now provides a dis-
play for over 28 000 genome assemblies. Annotation data for
each assembly are collected in “tracks,” each of which has
a particular data format and topic of relevance. Some tracks
are fixed and unchanging, such as a plot of GC content across
the assembly, while others are periodically updated by UCSC,
such as gene annotations. Users are also able to load their own
annotation data for display alongside UCSC’s tracks using the
“custom track” and “track hub” features. Custom tracks are
intended for quick visualization of small datasets, where all
data can be quickly uploaded to UCSC. Track hubs provide
more structure, allow use of a wider variety of the Browser’s
features, and are designed to be stored and accessed via in-
dependent web servers. UCSC curates a selection of docu-
mented community-provided hubs on its Public Hubs portal,
and many more hubs are available from the EBI Track Hub
Registry (https://trackhubregistry.org). The large majority of
users interact with the GRCh37/hg19 and GRCh38/hg38 hu-
man genome assemblies, and as a result those assemblies con-
tain orders of magnitude more tracks and track hubs than the
rest; they also receive the most attention from UCSC when
adding and updating annotations.

Updates to genomes and annotations

The past year has seen the release of several new tracks and
track displays, including an updated display for truncating
mutations in our ClinVar [2] tracks, incorporation of multi-
plexed assays of variant effects (MAVEs) from MaveDB [3],
and QuickLift, a method of converting annotation tracks from
one assembly to another on the fly.

Diamond display for protein-truncating mutations
in ClinVar Variants

Inspired by the Decipher [4] transcript display, our exist-
ing track of variants from ClinVar on GRCh37/hg19 and
GRCh38/hg38 has been updated to indicate the presence of
premature termination codon mutations (Fig. 1). Protein re-
gions with a high number of these mutations are often impor-
tant to the function of the protein. The display now takes ad-
vantage of our decorators feature [5] to mark each of these
variants with a colored diamond, which makes it easier to
identify regions where those mutations pile up. The new dis-
play is available from the track configuration page and af-
fects the following molecular consequence classes: splice ac-
ceptor variant, splice donor variant, frameshift variant, and
nonsense.

Multiplexed assays of variant effects from MaveDB

The MaveDB project provides a growing amount of data
on the consequences of mutational variation experiments,
particularly MAVEs. These experiments systematically test
the consequences of point mutations in functional elements.
The results are of significant interest to both the research
and clinical communities because of their breadth—they in-
clude many variants that are not described elsewhere. A sub-
set of these data are now available in a heatmap track at
UCSC, which shows consequences for expression of point
mutations in shades of red and blue (Fig. 2). Users inter-
ested in taking advantage of this display type for their own
data can consult our file formats page for details on the
“heatmap” display style for bigBed files. The full format defi-
nition allows specification of a custom color scheme for each
heatmap in the track; the colors in the MaveDB track were
chosen to provide a close match to the colors used in that
project.

QuickLift

The new “QuickLift” tool permits dynamically lifting annota-
tion from one assembly to another (Fig. 3). The vast majority
of the Browser’s users spend their time exploring the human
genome, split between the GRCh38/hg38 and GRCh37/hg19
assemblies (released in 2009 and 2013, respectively). While
newer assemblies exist (e.g. the telomere-to-telomere release
of T2T-CHM13/hs1 [6] in 2022), they have significantly fewer
annotations and consequently are less in use. QuickLift ad-
dresses this bottleneck by allowing users to transpose data
from one assembly onto another as part of an interactive
browsing session. This facilitates research on newer human as-
semblies as well as the myriad genome assemblies available via
our GenArk project, which provides basic browsers for over
28 000 genome assemblies from RefSeq [7] and GenBank [8].
QuickLift provides a much-needed path for augmenting those
basic browsers with details from other sources.

The QuickLift feature is available (at time of writing) from
the View — In Other Genomes item in the Browser’s menu
bar. Start by visiting the assembly with the annotation of in-
terest, then use In Other Genomes to select the desired des-
tination and check the box for “QuickLift tracks.” QuickLift
availability requires the presence of a liftOver alignment be-
tween the source and destination assemblies; such alignments
can be created by UCSC upon request (https://genome.ucsc.
edu/contacts.html), and we are working with Galaxy [9] to
set up an automated pipeline for handling such requests in
the future.
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Figure 2. MaveDB heatmap data for point mutations within the CCR5 gene, indicating functional consequences when the reference codon is changed
to a different peptide. Low scores, in blue, indicate decreased abundance, while high scores, in red, indicate increased abundance. Mouseover text

provides details and the score(s) for each mutation.
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Figure 3. The new QuickLift tool was used to convert annotation tracks from the GRCh38/hg38 human assembly (marked in green on the left edge) to
T2T-CHM13/hs1. Differences between the assemblies are marked on the display with vertical bars; a mouseover reveals that one difference is a single

base sequence mismatch.

Other data

A full list of tracks and assemblies released over the year
can be found in our release log online at https://genome.ucsc.
edu/goldenPath/releaseLog.html, with the announcements
archived at https://genome.ucsc.edu/goldenPath/newsarch.
html.

User-contributed data options

While UCSC continues to add annotation tracks itself, the
growth in the number of available genomes and assemblies has
underscored the importance of supporting our users in load-
ing their own data for display. Several features were added to
the Browser this year to support users in loading, displaying,
and sharing their own data in the Browser alongside UCSC-
provided tracks.

BedMethyl data

The Browser added a new track type this year for
bedMethyl data files (Fig. 4), following the extended

format described at https://nanoporetech.github.io/modkit/
intro_pileup.html. Nanopore sequencing assays provide more
information about methylation and other epigenetic states of
nucleic acids. bedMethyl files provide a convenient method
for transmitting and displaying this information in browsers,
and the popular modKit (https:/github.com/nanoporetech/
modkit) software uses this format. More information on this
track type and examples of its use can be found at https:
/lgenome.ucsc.edu/goldenPath/help/bedMethyl.html.

GenArk contributed tracks

UCSC has begun encouraging research communities around
the world to contribute annotation tracks to the GenArk as-
sembly hub project. The GenArk project has already built
nearly 30 000 baseline assembly hubs for organisms in Gen-
Bank and RefSeq, with many more on the horizon. This is tied
to a corresponding explosion in the amount of data available
from the research communities for those organisms, which
UCSC is now working to integrate. We are already collabo-
rating with TOGA [10] and the T2T consortium and are ea-
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Figure 4. Epigenetic data loaded into a custom track using the newly supported bedMethyl format. Mouseover provides details about each modification.
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Figure 5. The new HubSpace interface allows each user to store up to 10GB of genomic data files directly on UCSC's servers. Supported file formats are

limited to those supported in track and assembly hubs.

ger to expand that list. We invite labs to contact us (https:
//genome.ucsc.edu/contacts.html) if they have suitable data to
share.

HubSpace

The Browser also took steps this year to make it easier for
researchers to store and display data in the Genome Browser
either for their own use or as a preface to inclusion in GenArk.
While we already allow users to link to their own data files on
the web via the track hub and custom track features, it can be
difficult to find hosting space that meets the associated needs
for random access and storage space. The new HubSpace sys-
tem at UCSC (see the “Hub Upload” tab at https://genome.
ucsc.edu/cgi-bin/hgHubConnect) provides each user account
with storage that is co-located with the Genome Browser
servers and which can be used to store files associated with
track and assembly hubs (Fig. 5). The exact amount of stor-
age provided is still in flux as we match our capabilities against
the community’s needs, but it is in the range of 10-20 GB for
each account with more available upon request. While there
is no charge for this service, we encourage users to maintain
backups of all of their files.

Future plans

Upcoming feature goals for the Browser focus on further fa-
cilitating users to display and share their own data. One such
project is My Annotations, a system for easily creating, main-
taining, and sharing a personal curated set of genomic vari-
ants with accompanying annotation. Management of this set
would occur entirely within the Browser’s web interface, re-
moving the need for manual file interactions. Another topic of
interest is support for opening local annotation files from user
systems and displaying them without the data leaving those

systems. The current Browser tools for displaying user data
all involve transmission to UCSC, which can violate HIPAA
and related legal requirements. A method for keeping all user
data on the user’s own system would solve this problem, per-
mitting researchers to begin examining restricted data in the
context of UCSC’s rich annotation sets.
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