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1 Web extra: Data mining
for promoter sequences

Martti Tolvanen, Jarno Tuimala and Mauno Vihinen

1.1 UsingBioMart toretrieve promoter regions

The preferred option for retrieving upstream sequences is found at the BioMart ser-
vice (http://www.ensemb1.org/Multi/martview) of the Ensembl project. This
is limited only by the number of Ensembl genes that are annotated and by the ac-
curacy of the annotation. Many genes still have many multiple entries in Ensembl,
and some entries are for pseudogenes. However, the service is very easy to use.
Note that you will want to use primarily Ensembl data, not Vega (which is manu-
ally annotated but still very incomplete data).

For some microarrays (especially Affymetrix chips), BioMart provides direct
mappings. Such mappings with microarray contents have become more common
in the genome sites, both at Ensembl and at UCSC, and the annotations provided
by the manufacturers have improved, too. Therefore, retrieving the upstream se-
quences is less of a technical problem now, but the problem of correct transcription
start sites remains a serious one, especially in the case of alternative promoters..
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Figure 1.1: BioMart start screen.

Next, enter your list of gene identifiers in the Filter step:
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Figure1.2: BioMart filtering. There are many options, and you should be aware that some
mappings are more complete than others. Next to internal Ensembl references, RefSeq is
your best choice. This example comes from data in which reliable SwissProt codes were
provided. A long list of other filtering options is omitted from the figure.

Then, in the following output phase, you can optionally first choose your out-
put as Features, to check the completeness and consistency of your results, and
finally as Sequences to retrieve the data. The Features export gives a tabular out-
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put which can be imported easily to other programs, e.g. by a direct copy/paste to
MS-Excel..
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Figure 1.3: Changing between Features and Sequences.
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Figure 1.4:  Sequence output options for obtaining only the 5’-upstream flank of your
found genes in BioMart. You may want to add more options in the Header information
and/or select a longer sequence region. Additional options for data compression, saving
locally etc. are not shown.
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Figure 1.5: Sequence data in Fasta format, after the Export step.

For some microarrays (especially Affymetrix chips), BioMart provides direct
mappings, so you can skip most of the previous steps. Instead, you can list all the
genes on the chip directly from the Gene menu (Fig. 6), or choose a subset of them
in the Filter step:.

GENE:

& Only
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HCciude

Figure 1.6: Selecting all genes that are represented on AFFY-HG-U133.

Such mappings with microarray contents have become more common in the
genome sites, both at Ensembl and at UCSC, and the annotations provided by the
manufacturers have improved, too. Therefore, retrieving the upstream sequences is
less of a technical problem now, but the problem of correct transcription start sites
remains a serious one, especially in the case of alternative promoters.

111 Final warningsregarding upstream data

e in some cases the genome assembly may be broken close to the start of your
gene, so that you do not get a full 2000 (or whatever) nucleotides of sequence.
In Ensembl this shows as a long string of N’s in the sequence

e the start of a RefSeq mRNA may not always correspond to a true transcrip-
tion start site. There are many mRNAs which give evidence of longer tran-
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script variants than the current RefSeqs. UCSC genome browser relies di-
rectly to the RefSeq start sites in their upstream data sets.

e Ensembl tries to extend the 5’-end as far as possible, but in a few cases this
leads erratically long sequences, due to seemingly mis-spliced mRNA ver-
sions
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1.2 GeneSpringand promoter analysis

GeneSpring includes a promoter analysis tool, which can be used for finding novel
common regulatory sequencies in a gene list, or to search for a known sequence.
The tool can be invoked from Tools->Find potential regulatory sequencies. In
order to search for potential regulatory sequencies, you need to have a whole
genomic sequence of the organism under study. In principle, if only a partial
genome of the organism is known, it is not possible to search for regulatory el-
ements (GeneSpring forbids the use of the tool), because the statistical support
and frequency values of the elements would be erraneous. However, there is a
trick, which allows the analysis of partial genomes. For more information, see the
technoteat http://www.silicongenetics.com/cgi/TNgen.cgi/GeneSpring/
GSnotes/Notes/how_contig.

The tool opens a new window (Figure 1.7). First, you need to select a genelist
you want to study, but do not use the “all genes” or “all genomic elements” list,
because then you would compare the whole genome against itself, which is not a
viable analysis. From the pull-down menu, select whether you want to search for
new sequencies or for a specific sequence. You can also select the lenght of the se-
quence to be considered a promoter region, how long a regulatory element is being
searched, and how many unknown bases are allowed. The longer the sequence, and
the larger the number of unknown bases, the longer the analysis time. You have
control over the probability statistics: The p-value cut-off for a significant pattern
can be modified. Whether the sequence is relative to the sequence upstream of
other genes or relative to the whole genomic sequence can also be modified. The
first option is far more common.

After the analysis have completed, or you stop the search, the results are re-
ported. They appear on right side of the toolbox. Potential regulatory sequencies,
the number of genes they were detected in, and the detection p-value are reported.
The best findings are reported first.
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Figure 1.7: Find potential regulatory elements -tool in GeneSpring.
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