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databases

• how to access genomic information 

• UCSC genome browser 

• case story for TBXT gene evolution 

• EnsEMBL  

• GTEx (genome tissue expression)



https://genome.ucsc.edu

https://news.ucsc.edu/2015/06/genome-anniversary.html

https://genome.ucsc.edu


The result of ENCODE gene annotation (termed ‘‘GENCODE’’)
is a comprehensive catalog of transcripts and gene models. ENCODE
gene and transcript annotations are updated bimonthly and are
available through the UCSC ENCODE browser, distributed
annotation servers (DAS; see http://genome.ucsc.edu/cgi-bin/das/
hg18/features?segment=21:33031597,

33041570;type=wgEncodeGencodeManualV3), and the Ensembl
Browser [22].

RNA transcripts. ENCODE aims to produce a compre-
hensive genome-wide catalog of transcribed loci that characterizes
the size, polyadenylation status, and subcellular compartmen-
talization of all transcripts (Table 1).

Figure 1. The Organization of the ENCODE Consortium. (A) Schematic representation of the major methods that are being used to detect
functional elements (gray boxes), represented on an idealized model of mammalian chromatin and a mammalian gene. (B) The overall data flow from
the production groups after reproducibility assessment to the Data Coordinating Center (UCSC) for public access and to other public databases. Data
analysis is performed by production groups for quality control and research, as well as at a cross-Consortium level for data integration.
doi:10.1371/journal.pbio.1001046.g001

A User’s Guide to ENCODE
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genome browsing

• specific genes 

• specific genomic regions 

• first pass information on annotations (genes, repeats) 

• expression across tissues 

• conservation 

• variation 

• regulation
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On the genetic basis of tail-loss evolution in 
humans and apes

Bo Xia1,2,3,4 ✉, Weimin Zhang2,10, Guisheng Zhao1,2,10, Xinru Zhang3,5,10, Jiangshan Bai3, Ran Brosh2, 
Aleksandra Wudzinska2, Emily Huang2, Hannah Ashe2, Gwen Ellis2, Maayan Pour1,2, Yu Zhao2, 
Camila Coelho2, Yinan Zhu2, Alexander Miller6, Jeremy S. Dasen6, Matthew T. Maurano2,7, 
Sang Y. Kim7, Jef D. Boeke2,8,9 ✉ & Itai Yanai1,2,8 ✉

The loss of the tail is among the most notable anatomical changes to have occurred 
along the evolutionary lineage leading to humans and to the ‘anthropomorphous 
apes’1–3, with a proposed role in contributing to human bipedalism4–6. Yet, the genetic 
mechanism that facilitated tail-loss evolution in hominoids remains unknown. Here 
we present evidence that an individual insertion of an Alu element in the genome of 
the hominoid ancestor may have contributed to tail-loss evolution. We demonstrate 
that this Alu element—inserted into an intron of the TBXT gene7–9—pairs with a 
neighbouring ancestral Alu element encoded in the reverse genomic orientation and 
leads to a hominoid-specific alternative splicing event. To study the effect of this 
splicing event, we generated multiple mouse models that express both full-length and 
exon-skipped isoforms of Tbxt, mimicking the expression pattern of its hominoid 
orthologue TBXT. Mice expressing both Tbxt isoforms exhibit a complete absence of 
the tail or a shortened tail depending on the relative abundance of Tbxt isoforms 
expressed at the embryonic tail bud. These results support the notion that the 
exon-skipped transcript is sufficient to induce a tail-loss phenotype. Moreover, mice 
expressing the exon-skipped Tbxt isoform develop neural tube defects, a condition 
that affects approximately 1 in 1,000 neonates in humans10. Thus, tail-loss evolution 
may have been associated with an adaptive cost of the potential for neural tube 
defects, which continue to affect human health today.

The tail appendage varies widely in its morphology and function across 
vertebrate species4,6. For primates in particular, the tail is adapted to a 
range of environments, with implications for the style of locomotion of 
the animal11,12. The New World howler monkeys, for example, evolved a 
prehensile tail that helps with the grasping or holding of objects while 
occupying arboreal habitats13. Hominoids—which include humans and 
the apes—however, lost their external tail during evolution. The loss of 
the tail is inferred to have occurred around 25 million years ago when 
the hominoid lineage diverged from the ancient Old World monkeys 
(Fig. 1a), leaving only 3–5 caudal vertebrae to form the coccyx, or tail-
bone, in modern humans14.

It has long been speculated that tail loss in hominoids contributed  
to orthograde and bipedal locomotion, the evolutionary occurrence of 
which coincided with the loss of the tail15–17. Yet, the genetic mechanism 
that facilitated either tail-loss evolution or orthograde and bipedal 
locomotion in hominoids remains unknown. Recent progress in primate 
genome sequencing projects have made it possible to infer causal links 
between genotypic and phenotypic changes18–20, and have enabled the 
search for hominoid-specific genetic elements that control tail develop-
ment21. Moreover, developmental genetics studies of vertebrates have 

led to the elucidation of the gene regulatory networks that underlie 
tail development21,22. For example, the Mouse Genome Informatics 
(MGI) database includes more than 100 genes identified from natu-
ral mutants and induced mutagenesis studies relating to the absence 
or shortening of the tail phenotype22,23 (Supplementary Data 1 and  
Methods). Expression of these genes, including the core factors for 
inducing mesoderm and definitive endoderm such as Tbxt (also called T 
or Brachyury), Wnt3a and Msgn1, is enriched in the development of the 
primitive streak and posterior body formation. Although perturbations 
of these genes may lead to the shortening or complete absence of the 
tail, the causal genetic changes that drove the evolution of tail-loss in 
hominoids remains unknown. Understanding the genetics of tail loss 
in hominoids may provide insight into the evolutionary pressure that 
led to human traits such as bipedalism.

A hominoid-specific intronic AluY in TBXT
With the goal of identifying genetic variants associated with the loss 
of the tail in hominoids, we initially screened 31 human genes—and 
their primate orthologues—for which mutations are associated with 
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Start with the Brachyury gene
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Zavadskaya in mice and by Streisinger in zebrafish is even more sur-
prising (Fig. 3). 

Although most vertebrates have tails, some species, including 
humans, are tailless, i.e., somewhat like Brachyury mutants (Fig. 3). 
These species have lost their tails during evolution, and only the rare 
cases of atavistic vestigial tails (and the imagination of the filmmakers of 
“Jumanji”) occasionally remind us that the evolutionary ancestors of all 
hominids once possessed magnificent tails. The mystery of human tail-
lessness haunted researchers at the dawn of natural science, long before 
the Brachyury mutant was obtained (Tubbs et al., 2016). 

From a historical perspective, the breadth of the morphological 
spectrum of tail defects in short-tailed mice and the variants of mani-
festation of this atavism in humans studied in detail by pathologists are 
surprising. Based on their morphological observations, several classifi-
cation systems have been proposed for vestigial tails. In brief, the two 
types of tails in humans were defined, the ‘true tail’, which contains 
vertebrae or bone elements, and the ‘pseudo-tail’, which lacks bones 
(Tojima et al., 2018). A recent revision of the definition of the human tail 
put an end to this controversy by recognizing all tails as true (Tubbs 
et al., 2016). In this context, how can one not recall Dobrovolskaya- 
Zavadskaya’s 1928 arguments about the genes that determine the 
development of the hard and soft tissues of the tail (Dobrovolskaia- 
Zavadskaia, 1928)? 

Dobrovolskaya-Zavadskaya and her colleagues summarized the re-
sults of their studies of the Brachyury mutant, emphasizing that the 
analysis of the mutant allowed them to formulate the question of the 
genetic mechanism responsible for the development of the tail and, 
consequently, the set of genes involved in its development. The re-
searchers hypothesized that such genes act as key specific regulators of 
tail development, i.e., regulate organogenesis. During the process of 
organogenesis, regulatory genes interact with additional modifier genes 
(Dobrovolskaia-Zavadskaia et al., 1934). Based on this, the authors 
suggested that the loss of elements of the genetic mechanism can lead to 
significant morphological changes in the tail and even its disappearance. 

At the same time, on the other side of the Atlantic, on the eighth floor 
of Schermerhorn Hall, where Dunn and Dobzhansky’s laboratories were 
located, researchers were trying to take a break from scientific routine as 
seen from one essay. Thanks to its author, Harriett Ephrussi-Taylor 
(1918–1968), and Anna Ephrussi, who provided a copy, we are able to 
present one of the rare examples of scientific humor linking Brachyury 
to the absence of a human tail (Fig. 4). And while it is common to think 
that every joke has some truth to it, this one turned out to be 100 % true. 

By studying the formation of the caudal region of the human spine, 
developmental anatomists have shown that the number of somites rea-
ches a maximum at the 16th Carnegie stage, characterized by the 
presence of 39–41 pairs of somites. Later, their number decreases due to 
programmed cell death (apoptosis) of five pairs of tail somites (Tojima 

et al., 2018). Thus, the ground was prepared to link the biological pre-
requisites for the development of the tail in mammals with evolutionary 
theories and to support this information with data from molecular 
studies. 

It turns out that to answer the question of which gene is responsible 
for the formation of a rudimentary tail in humans, it is necessary to 
compare the evolution of the genes involved in tail development in 
tailed monkeys and tailless great apes. This has only recently become 
possible with the sequencing of the genomes of these species. A recent 
preprint provides evidence that the disappearance of the human tail is 
associated with a change in TBXT (T, Brachyury) expression caused by 
the insertion of AluY, one of the most abundant transposable elements in 
the human genome, into intron 6 of the TBXT gene of the ancestor of all 
great apes and humans. This event likely initiated a chain of evolu-
tionary changes that led to the absence of tails in apes and humans 
(Korzh and Gasanov, 2022; Xia et al., n.d.). Thus, the study of Bra-
chyury, the gene whose changes in expression are thought to have 
caused the evolutionary changes that led to tail reduction in mammals, 
is once again the focus of developmental biology, a science pioneered by 
Brachyury research. 

9. Conclusion 

The research that laid the foundation for developmental genetics, 
which eventually became developmental biology, began during a his-
torical period of tremendous political upheaval and mass emigration 
that also affected the early researchers of Organizer and Brachyury. The 
world is currently experiencing another political crisis caused by the 
worst war in Europe in the last 70 years. And the similarity is that all the 
consequences of the war, be it the mass murder of civilians because they 
were Jews or Ukrainians, or the emigration that affected the population 
of several countries, as well as the personal tragedies of individual sci-
entists - all this happened because the political power of their countries 
was taken over by psychopathic dictators who were ultimately corrup-
ted by absolute power (Gessen, 2012). In this regard, it is worth 
mentioning recent pathological studies of the transcriptome of the ce-
rebral cortex of antisocial individuals, which revealed disturbances in 
the expression of genes, some of which are controlled in development by 
transcriptional regulators encoded by T-box genes (Piras et al., 2023). 

Since the discovery of Brachyury, many researchers have investi-
gated the relationship between genes and development (Stern, 2022). 
Thanks in large part to the analysis of the mouse T-complex and 
Drosophila homeotic genes, the idea of common regulatory elements 
controlling the activity of groups of genes emerged (Dobrovolskaia- 
Zavadskaia et al., 1934; Goldschmidt, 1954; Pontecorvo, 1958). 

The term “developmental biology” does not appear in the titles of the 
books that laid the foundations of this science - “Principles of 

Fig. 3. The short-tailed and tailless animals. A - zebrafish, wild type; B - homozygotic no tail (Brachyury, T) mutant (Halpern et al., 1997); C - mice, wild type; D - 
mice, heterozygotic T mutant; E - guinea pig, wild type; cat, Manx, heterozygotic T mutant; G - hominid, wild type. 

V. Korzh                                                                                                                                                                                                                                          
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additional features of genome browser



lab exercises for genome browser



galaxy



galaxy project

• started out as galaxy browser 

• beefed up UCSC genome browser with Perl and MySQL programming support 

• now, almost 20 years later, it is a large centralized computational project that goes 
beyond genome browsing

Nucleic Acids Research , 2024, 1–12 
https://doi.org/10.1093/nar/gkae410 
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The Galaxy platform for accessible, reproducible, and 
collabor ativ e data analyses: 2024 update 
The Galaxy Community * 
* To whom correspondence should be addressed - Gareth Price. Tel: +61 7 3365 7534; Email: g.price@uq.edu.au 
Correspondence may also be addressed to Anton Nekrutenko. Email: anton@nekrut.org 
Correspondence may also be addressed to Björn A. Grüning. Email: bjoern.gruening@gmail.com 
Correspondence may also be addressed to Michael C. Schatz. Email: mschatz@cs.jhu.edu 
Abstract 
Galaxy ( https://galaxyproject.org ) is deplo y ed globally, predominantly through free-to-use services, supporting user-driven research that broadens 
in scope each year. Users are attracted to public Galaxy services b y platf orm st abilit y, tool and reference dat aset diversit y, training , support and 
integration, which enables complex, reproducible, shareable data analysis. Applying the principles of user experience design (UXD), has driven 
impro v ements in accessibility, tool disco v erability through Galaxy Labs / subdomains, and a redesigned Galaxy ToolShed. Galaxy tool capabilities 
are progressing in two strategic directions: integrating general purpose graphical processing units (GPGPU) access for cutting-edge methods, and 
licensed tool support. Engagement with global research consortia is being increased by developing more workflows in Galaxy and by resourcing 
the public Galaxy services to run them. The Galaxy Training Network (GTN) portfolio has grown in both size, and accessibility, through learning 
paths and direct integration with Galaxy tools that feature in training courses. Code de v elopment continues in line with the Galaxy Project 
roadmap, with impro v ements to job scheduling and the user interf ace. En vironmental impact assessment is also helping engage users and 
de v elopers, reminding them of their role in sust ainabilit y, by displaying estimated CO 2 emissions generated by each Galaxy job. 
Gr aphical abstr act 

Introduction 
User demand for an easily accessible data analytics service, 
deployed on computing infrastructure capable of meeting the 
needs of complex computing in research, has resulted in the 
Galaxy Project supporting, in its 19th year of ongoing oper- 
ation, a rapid increase in throughput globally ( 1 ,2 ). Galaxy 
provides analytical tools that can be used individually or 
linked into complex workflows with intermediate data out- 
puts capable of triggering logic conditionals within the work- 
flow. Recent enhancements allow researchers to run work- 
flows on data of variable quality, and have the workflow 
buffered to systematically explore experimental variability 
( https:// gxy.io/ GTN:T00164 ). Large scale research is necessar- 
ily collaborative, and Galaxy’s capacity to both securely share 
and publish data and workflows supports efficient collabora- 
tion, training, and data reuse. Recent changes to the Galaxy 

user interface discussed below have made sharing more 
visible. 

Collectively , the usegalaxy .* services in the United States, 
Australia, and Europe have amassed > 500 000 regis- 
tered users, and supports > 11 000 individual users run- 
ning > 1 000 000 jobs on average each month of 2023. 
Usegalaxy.* service statistics are publicly available at https: 
// status.galaxyproject.org/ , with detailed operational data for 
Australia and Europe at https:// stats.usegalaxy.org.au/ and 
https:// stats.galaxyproject.eu/ , respectively. Users have access 
to > 9000 scientific tools, supporting > 400 different types of 
input data, enabling a wide variety of analyses in both the 
life and physical sciences, including astronomy, genomics, pro- 
teomics, metabolomics, materials science, imaging, and cy- 
tometry. Efficient, reproducible complex analytical pipelines 
can be created by joining tools from any domain with 

Received: March 11, 2024. Revised: April 18, 2024. Editorial Decision: May 1, 2024. Accepted: May 2, 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of Nucleic Acids Research. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https: // creativecommons.org / licenses / by / 4.0 / ), 
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 
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Figure 1. Examples of Galaxy Labs / subdomains. Researchers can quickly access a concentration of domain-specific tools, w orkflo ws, support, and 
training through Galaxy Labs or Galaxy subdomains. Top: the Genome Lab and Proteomics Lab on Galaxy Australia, https://genome.usegalaxy.org.au and 
ht tps://proteomics.usegalaxy.org.au . Bot tom: the Single Cell Omics subdomain on Galaxy Europe, ht tps:// singlecell.usegalaxy.eu/ and 
https://hicexplorer .usegalaxy .eu . 
Discoverability 
Any individual tool or workflow is only useful if it can be 
discovered in the first place, and this discoverability extends 
to the core functions of the software. In effect, a researcher 
should be able to discover an analytical solution using ei- 
ther the specific software name and associated metadata, or 
on the basis that they are seeking a particular functionality. 
In either case, the discovery of tool and workflow metadata 
has become increasingly important for both users and ad- 
ministrators of Galaxy. Existing capacity to share this meta- 
data across life science domains that make use of Galaxy will 
greatly increase the scientific impact of these improvements. 
A solution for individual tools recently developed, with an 
initial focus on microbiology, is at https://galaxyproject.org/ 
community/ sig/ microbial/ #tools . This interactive searchable 
table combines metadata sourced from Galaxy tool wrappers 
(via Planemo), Galaxy instance APIs (adding tool availability), 
ELIXIR bio.tools ( https:// bio.tools/ ) (adding EMBRACE Data 
And Methods’ (EDAM terms ( 3 )), BioConda ( 14 ) (checking if 
tools are current), and a community-curated worksheet (flag- 
ging tools to be excluded). Galaxy already supports version- 
ing through the Workflow editor (i.e. the canvas). However, 
the need to share workflows collaboratively using persistent 
identifiers, and to align with the FAIR principles for research 
software ( 15 ), has led to integration with workflow registries 
like WorkflowHub (https: // workflowhub.eu / ) and Dockstore 

( 16 ). From WorkflowHub, researchers can select a ‘Run on 
usegalaxy.eu’, which triggers workflow import to Galaxy Eu- 
rope; from Dockstore, a Galaxy workflow can be imported 
into any of the three major usegalaxy.* servers. Within Galaxy, 
a user can search either WorkflowHub or Dockstore using 
their GA4GH Tool Registry Service (TRS) implementations 
( 17 ), alongside existing options for workflow import from lo- 
cal files and public URLs. 
Galaxy Training Network 
A long-standing and core feature of Galaxy is its ability to 
deliver accessible, convenient and highly reproducible train- 
ing, in scheduled trainer-supported programs, or as self- 
directed active learning. The Galaxy Training Network (GTN; 
http: // training.galaxyproject.org) ( 18 ) is the complementary 
service that hosts tutorials, guides, and infrastructure for 
feedback / improvements on content. The GTN offers > 400 
tutorials across 25 scientific and 6 technical topics, written 
by > 325 contributors. 
GTN materials 
The GTN strives to maintain tutorials, keeping them syn- 
chronized with changes in research practice, updating 366 tu- 
torials (90%) in the past year alone. Nine new topics have 
been added including Single Cell Analysis, S AR S-CoV-2, One 
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galaxyproject.org

http://galaxyproject.org




https://training.galaxyproject.org/training-material/topics/
introduction/tutorials/galaxy-intro-short/tutorial.html



COSMIC database





https://cancer.sanger.ac.uk/cosmic



https://cancer.sanger.ac.uk/cosmic/help/tutorials



EGFR



TERT



R and bioconductor





https://www.bioconductor.org/packages/release/
workflows/vignettes/sequencing/inst/doc/sequencing.html


