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Understanding genome browsing
Melissa S Cline & W James Kent

How can genome browsers help researchers to infer biological knowledge from data that might be misleading?

As genomic knowledge expands, new forms 
of data become available to help interpret 

genomic sequences. However, biological data 
can be noisy: living systems are complex and 
measurement technologies are rarely perfect. 
Two excellent approaches for reducing noise 
are data aggregation and visualization. When 
combined, multiple forms of evidence tend 
to be more accurate than a single source, as 
each distinct form reduces overall uncer-
tainty1. The human mind is an outstanding 
data analysis tool. Although it absorbs textual 
data poorly, it can assimilate visual data in 
great detail2, and can process it efficiently to 
identify common themes3.

Genome browsers facilitate genomic 
analysis by presenting alignment, experi-
mental and annotation data in the context 
of genomic DNA sequences. These include 
the University of California Santa Cruz 
(UCSC) Genome Browser (http://genome.
ucsc.edu/), Ensembl (http://www.ensembl.
org/), and National Center for Biotechnology 
Information (NCBI) Map Viewer (http://
www.ncbi.nlm.nih.gov/mapview/). They dif-
fer in their user interfaces, but address similar 
tasks, as described in Supplementary Notes 
online and reviewed elsewhere4. We focus 
here on the UCSC Genome Browser.

Figure 1 shows the display for a represen-
tative gene queried using the UCSC Genome 
Browser. The browser displays several tracks, 
or collections of data, some of which are 
hidden by default. The user controls which 
tracks are displayed by means of pull-down 
menus below the image. The track names are 

hyperlinked to pages that detail how the data 
were computed, outline any specific display 
conventions and may offer additional display 
options. Each track item within the browser 
is hyperlinked to a details page provid-
ing further information on that item, such 
as publications in PubMed and sequences 
in GenBank. The importance of studying 
these details cannot be overstated. Although 
genome browsers can simplify the task of 
generating hypotheses, the user must still 
evaluate the facts carefully to ensure that the 
hypotheses are likely to be valid.

Gene structure and transcripts
Arguably the most important tracks are 
those that indicate the genes. No data indi-
cate ‘the genes’ unambiguously. Genes are 
detected through experimental evidence 
(namely, observed transcription), and rare 
transcripts are often difficult to distinguish 
from measurement errors. To address this 
uncertainty, there are many gene and gene 
prediction tracks, each with its own evidence 
standards.

The high-confidence, low-coverage end of 
the spectrum contains tracks that derive gene 
structures from specific full-length transcripts 
(Fig. 1a, line 2). The track indicating genes5 
from the Mammalian Gene Collection (MGC) 
shows transcripts sequenced from selected 
high-quality clones. RefSeq Genes6 shows 
expert-curated transcripts, along with some 
provisional transcripts awaiting curation.

For increased coverage, UCSC Genes7 (Fig. 
1a, line 1) and Ensembl Genes8 (Fig. 1a, line 
3) show predicted transcripts that are derived 
from mRNA, expressed sequence tag (EST) 
and protein-sequence alignments. Unlike 
the RefSeq and MGC transcripts, these tran-
scripts do not always correspond to any single 
mRNA sequence, but represent composites of 
sets of similar aligned sequences with good 
overall evidence.

Aligned sequences offer the broadest but 
noisiest transcript data. The human mRNA 
(Fig. 1a, line 4) and spliced EST (Fig. 1b) 
tracks show GenBank sequences that align 
well to the genome. ESTs are short fragments 
obtained from a single sequencing pass, 
whereas mRNAs are obtained by high-quality 
sequencing of entire cDNAs. In general, ESTs 
describe more transcript isoforms, whereas 
mRNAs describe fewer isoforms but do so 
with greater accuracy. However, any aligned 
sequence is only as good as its underlying 
clone. If a clone is of poor quality, even the 
best sequencing protocols will yield mislead-
ing sequences. Thankfully, such sequences 
can often be identified—and disregarded—by 
following commonsense rules, such as those 
described below.

Interpreting aligned sequences
First, sequences that align with many errors 
should be trusted less, because they might not 
be bona fide products of the locus. Colored 
vertical lines indicate mismatches and inser-
tions, and double horizontal lines indicate 
gaps. Sometimes, mismatches arise through 
normal genetic variation. Such cases can be 
identified by comparison against data from 
dbSNP9 (Fig. 1a, line 10).

Second, one should not trust any variation 
evidenced from only one aligned sequence. 
For example, BE891408 (Fig. 1b, arrow vi) 
seems to suggest two novel exons, although 
no other alignment contains these exons. 
Furthermore, the details page of this EST 
indicates an older publication date. Together, 
these facts indicate that this EST should be 
disregarded.

Third, two or more questionable align-
ments support each other only if they were 
derived independently. Aligned sequences 
are often redundant, with multiple sequences 
derived from the same clone or from related 
clones in the same laboratory. Such cases are 
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not evidence of absence. Some tracks can 
indicate genuine variation: transcription fac-
tor binding site data can suggest alternative 
promoter usage, and the Poly(A) track10,11  
(Fig. 1a, line 5) can suggest alternative poly-
adenylation. For example, the polyA sites 
near the center of Figure 1a suggest that 
some of the shorter transcripts are actually 
complete isoforms.

Conservation and regulatory data
Figure 1a (line 9) shows genomic conser-
vation, as inferred by MultiZ phylogenetic 
alignments of genomic sequences12. Overall, 
conservation is strongest in coding exons, 
weaker in UTRs and weakest in introns and 
intergenic regions. Strong conservation 
suggests functional importance, and highly 
conserved noncoding regions often contain 
regulatory signals.

TargetScan13 (Fig. 1a, line 7) predicts 
microRNA binding sites in the highly con-
served 3′ UTR. One might assume that this 
region is highly conserved to preserve these 
sites. Although this might be true, caution 
is warranted. TargetScan’s track description 
page indicates that predictions are derived 
from MultiZ alignments: the predictions 
depend on conservation. This exemplifies the 
importance of investigating all of the details 
before drawing conclusions.

Figure 1a (lines 6 and 8) shows transcrip-
tional start sites suggested by three separate 
lines of evidence: CpG islands14, predicted 
transcription start sites15 and experimentally 
determined acetylated histone H3 sites16. 
Each of these signals can be misleading: some 
genes have no CpG islands, transcription fac-
tor binding predictors often overpredict and 
histone measurement is noisy. However, in 
aggregate, such data can yield a strong, syn-
ergistic prediction.

Moving beyond visualization
After examining a locus, it is often valu-
able to save data in a text-based format for 
subsequent analysis. This can be done using 
the Table Browser17, accessible through the 
‘Tables’ link. It allows users to select a track, 
and extract the data from that track for a 
specific region (defaulting to the last region 
visualized), or genome-wide. For example, 
selecting the SNPs (build 129) track and posi-
tion button allows users to extract a list of 
SNPs for the region last visualized.

Although genome browsers allow one to 
scan visually for loci with certain attributes, 
it can be easier to identify loci with those 
attributes and then evaluate them visually. 
This can be done with the Table Browser’s 
filter and intersection functionality. Filtering 

1a, arrow ii); and run-on alignments that 
extend past the bounds of the loci (such as 
DA949381, Fig. 1b, arrow v). When such 
alignments are not supported by others, they 
probably indicate biological noise.

Finally, a short transcript does not imply a 
short transcribed region. Aligned sequences 
are often incomplete, especially in the 
untranslated regions (UTRs). Sequences are 
frequently cloned with incomplete UTRs 
for technical reasons, and sequencers often 
stop reading prematurely. Thus, variation 
in alignment lengths might not represent 
transcript variation; absence of evidence is 

not independent observations, but one obser-
vation recorded multiple times. The browser 
display is also redundant, as all MGC genes 
transcripts also appear under human mRNAs 
(Fig. 1a, arrows i and iv). This detail would be 
easy to miss, and could lead to misinterpreta-
tion of sequence-variation frequencies.

Fourth, one should be careful with align-
ments that suggest partial or erroneous cel-
lular processing. This includes mRNAs that 
are not spliced or have retained introns (such 
as BC062326, Fig. 1a, arrow iii); mRNAs with 
premature stop codons, that fall well before 
the last splice site (such as AK023398, Fig. 
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Figure 1  Illustrative screen shots from the current UCSC Genome Browser. (a) Selected tracks for 
the human AGBL5 locus. 1. UCSC Genes7; 2. RefSeq Genes6 and MGC5 Genes; 3. Ensembl Genes8; 
4. Human mRNAs and Spliced ESTs; 5. Poly(A)10,11; 6. CpG Islands14 and Eponine TSS15; 7. TS 
miRNA sites; 8. Uppsala ChIP16, 9. Conservation12; 10. SNPs (129)9. Most tracks are shown in pack 
display mode, with each item displayed separately. The CpG Islands, spliced ESTs, SNPs (129) and 
TS microRNA sites tracks are shown in dense mode, with all items condensed to a single display 
line. Darker portions of the EST track indicate regions of stronger evidence, which suggests greater 
likelihood that the regions are transcribed. In lines 1–4, each track item represents a transcript. Exons 
are shown as rectangles: taller rectangles indicate coding (CDS) segments, whereas shorter rectangles 
represent untranslated regions. Introns are shown as lines connecting exons, with arrowheads 
indicating the direction of transcription. Most transcripts shown are transcribed left to right, in the 5′ 
to 3′ direction on the sense strand. The dashed box, marked with the red arrow, indicates transcripts 
of the BC015653 locus on the antisense strand. The human mRNAs track is colored to show mRNA 
codons that are nonsynonymous to the genome. Orange arrows indicate (i,iv) an mRNA found in both 
the MGC genes and human mRNAs tracks (BC007415), (ii) an mRNA with a premature stop codon 
(AK023398) and (iii) an unspliced mRNA (BC062326). (b) Excerpt of the spliced ESTs track shown in 
pack mode, colored to indicate bases that differ from the genomic sequence. Orange arrows indicate (v) 
a run-on EST and (vi) an alignment consisting of two blocks that are not contained in any other aligned 
sequence.
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tions come from varying forms of evidence. 
Genome browsers facilitate such combina-
tion by presenting data visually, in a genomic 
context. Additional analysis scenarios are 
described under the recommended resources 
in Supplementary Box 1 online.

Note: Supplementary information is available on the 
Nature Biotechnology website.
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allows one to limit the track items according 
to data within the track. For example, one 
can obtain a list of predicted p53 binding 
sites by selecting the TFBS Conserved track 
and filtering for items with names matching 
“*p53*” (the ‘describe table schema’ button 
outlines the available fields). By intersecting 
the filtered track with the GIS ChIP-PET 
track18, one can identify predicted p53 bind-
ing sites that are supported experimentally. 
For output, one can select a set of hyperlinks 
to the Genome Browser. Or, one can save the 
output as a custom track and further refine 
this track through additional filter and inter-
section actions. This allows users to build 
sophisticated queries to identify genomic 
regions sharing a combination of traits.

Conclusion
This primer describes a small subset of the 
analyses possible with genome browsers, but 
illustrates some basic principles. Virtually 
any genomic data can be erroneous, and one 
should be wary of data suggested by only a 
single observation. Nonetheless, the combi-
nation of multiple observations can suggest 
reliability, especially when the observa-
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