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Searching Nucleotide
Databases
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When we search a nucleic acid databases, Mascot always performs
a 6 frame translation on the fly. That is, 3 reading frames from
the forward strand and 3 reading frames from the complementary
strand.
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Residue: FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAAAADDEEGGGG
Start:   -----------------------------------M----------------------------
Base 1:  TTTTTTTTTTTTTTTTCCCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAGGGGGGGGGGGGGGGG
Base 2:  TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGG
Base 3:  TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAG

* = stop

NCBI Standard Genetic Code

Translation uses the standard genetic code, shown here.
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NA Translation

• Always translate in all 6 reading frames
• Translation starts from the beginning of the sequence,

not from a start codon
• When a stop codon is encountered, insert a gap and

re-start translation.
• No attempt to resolve codon ambiguity.
• All translation uses the NCBI standard genetic code.

The rules for Nucleic Acid translation in Mascot are:

we translate the entire sequence, we don't look for a start codon.

When a stop codon is encountered, we leave a gap, and
immediately re-start translation.

There is no attempt to resolve ambiguous codons. For example,
ACX can be translated as Threonine, because the identity of the
last base is a don't care. However, this is not done in the current
code.

Finally, all translations use the standard genetic code. Ideally, we
would use species specific code where a sequence has a known
taxonomy. But, again, this is not done at present.
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Setting up a nucleic acid database in Mascot is no different from
setting up a protein database. The only two things to watch are
that the database type is specified as NA
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And, if the sequences are very long, you may need to increase the
upper limit on the sequence length of individual entries.



7

Standard data set

• Collaboration with Walter Blackstock and Jyoti
Choudhary, Cell Map Project, GlaxoSmithKline R&D,
Stevenage, UK

• Human embryonic kidney cell lysate; digested with
trypsin; analysed by LC-MS/MS using a Micromass Q-
TOF

• 169 MS/MS spectra after data reduction (.pkl file)

Here are examples of searching the same data set against protein,
EST and genomic sequence databases. This data set was
generated by Jyoti Choudhary and Walter Blackstock of
GlaxoSmithKline.

They generated a high quality LC-MS/MS data from a tryptic
digest of whole cell lysate from human embryonic kidney cells.

After data reduction, we were left with 169 MS/MS spectra.
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First of all, we searched the data against a comprehensive non-
identical protein database, MSDB. We found significant matches
to 22 human proteins … and one non-human, our frequent flyer,
bovine trypsin.
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With dbEST, we obtained almost the same results, just a couple of
additional peptide matches. However, unlike the protein database
search, it doesn’t immediately communicate which proteins have
been found.
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The master results report from the EST search looks pretty
similar to the MSDB search, except that the EST sequences are
mostly shorter than full length proteins, so the peptide matches
are more scattered. If we click on the protein accession number
link…
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we get a protein view. This is similar to the protein view for a
protein database entry, except we have drop down list for the
different translation frames. For this particular entry, most of the
matches have been found in reading frame 2.

But, as so often happens, there is a frame shift in this entry, and
there are additional matches in frame 3.
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Going back to the issue of the hit list and the descriptions not
saying very much. There are several problems here. One is that
EST databases usually have a huge amount of redundancy, which
can make for very long reports. Another problem is that the
sequences tend to be short, so we don't get much grouping of
peptide matches into protein matches.
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To address this problem, we have recently started using the
UniGene index from the National Center for Biotechnology
Information to simplify the search results.

UniGene is not a consensus sequence, it is an index which is
created by BLASTing GenBank sequences against themselves to
cluster them into gene families.



14

Unigene can be downloaded from the NCBI FTP site. Several
important species are available: human, mouse, rat, cow and
zebra fish.
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To use a unigene index in Mascot, the data file for the species is
downloaded and unpacked into a suitable directory structure…

Then a few lines are added to the Mascot configuration file,
mascot.dat.
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Now, using the UniGene index as a lookup table, we can
transform the results of a dbEST search.

This is now a much clearer picture, very similar to the protein
database result. Please remember that we are not clustering the
database sequences into consensus sequences prior to searching.
This could lead to matches being missed. UniGene is being used
after the search, to simplify the results.
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When we look further down the report, at details of individual
matches, we see the benefits of clustering the ESTs. Here we have
two groups of matches from the dbEST search. These matches are
well down the report, and appear to have little in common apart
from a very weak match to query 50. There is no particular reason
to connect these two hits.

However, when we look at the unigene report, we find that these
matches all belong to the same gene, nucleophosmin. And, of
course, because this gene now has 10 matches, it is listed near the
top of the report.
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When you click on the accession number link of a unigene filtered
report, you get full details for that particular gene family.
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Human genome

• ~ 3 x 109 bases

• (dbEST was 3.4 x 109 bases on 1 May 2001)

• ~ 6 x 109 residues in 6 frame translation

• 99.75% of translated sequence is non-coding

• 1.5 x 105 tryptic limit peptides of 1500 Da ± 0.5

• 6 x 107 no-enzyme peptides of 1500 Da ± 0.5

We can also perform MS/MS searches on continuous raw genomic
sequence data. The recent availablilty of a draft assembly of the
human genome has made this a focus of great interest. Let’s just
look at some numbers.

The human genome assembly is approximately 3 billion bases
which makes it similar in size to dbEST.

Since we must translate in all 6 reading frames, this corresponds
to 6 billion amino acid residues.

In the human genome, only 1.5% of the sequence codes for
proteins. Conversely, 99.75% of the translated sequence is non-
coding and simply contributes to the background of random
matches. This is a severe test of the discrimination of the scoring
scheme.

This is only slightly worse than dbEST. Although dbEST is
essentially all coding sequences, after translation in 6 frames, we
know that 83% (5/6) must be junk.

If we are matching MS/MS data from a tryptic peptide of nominal
mass 1500 Da against the human genome, we are going to have to
test 150 thousand peptides. Which sounds bad...

but is not nearly as bad as the no-enzyme case where we have to
test 60 million.
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The draft assembly can be downloaded from UC Santa Cruz
GoldenPath web site
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1 file per chromosome

1 file per contig

You can download the assembly as chromosome length sequences
or as collections of contigs. Searching the chromosome length
sequences in Mascot is possible, but not advisable.
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Chromosome length sequences

• Chromosome 1 is 285 Mbp

• Mascot workspace scales as the length of the longest
sequence. Hence need lots of physical RAM to avoid
disk thrashing

• More efficient to work with smaller pieces, e.g. 600
kbp with 600 bp overlaps

The longest human chromosome is chromosome 1, 285 million bp.

Mascot requires a significant memory overhead to manipulate
such long sequences, which means that unless you have a very
large amount of RAM, the search is going to be using virtual
memory ... i.e. swapping out to disk ... and run relatively slowly.

So, we recommend working with contigs or just chopping the
chromosomes into more manageable lengths with small overlaps.

In any case, we don't know of any tools for reviewing the results
which can handle 250 Mbp sequences.



23

This is the result of searching our standard data set against the
unmasked human genome assembly.
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The tabular reports which we and others have developed for
reporting results from protein and dbEST databases are just not
suitable for a sequence the length and complexity of a human
chromosome.



25

For very long DNA sequences, such as this, what we have done is
to switch from our standard protein view report to outputting the
peptide match results as an EMBL / GenBank format feature
table. This may not look very friendly, but the advantage is that
this report can now be read into a standard genome browser.
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Having generated a feature table, we can now use a genome
browser to view it. One which we find works well is Artemis, a
Java based genome browser developed and distributed by the
Sanger Centre.
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Here is an Artemis screenshot showing three views of a portion of
the genome. In the upper third, we have a low resolution view.
This can be zoomed out to show an entire sequence as a single
strip. We have the forward and complementary DNA strands, and
the 6 frame translation. The vertical bars are stop codons. The
yellow blocks are exons, while the blue blocks here are coding
sequences. Individual Mascot peptide matches are shown in red.
This particular gene has 8 peptide matches.

The middle third is a similar arrangement, but at high enough
resolution to see individual bases and residues.

Finally, the lower third shows a tabular view of the feature table.
When a match is selected, it is highlighted in all three views, and
we can see the spectrum number, sequence, molecular weight,
Mascot score, etc.

Not only does this allow us to zoom and pan around these
extremely long sequences, it also allows us to view the peptide
matches found by Mascot in the context of all the existing
annotations. This gives us a powerful way to present the results of
MS based searching complete genomes.
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Key Category  MSDB dbEST  HG 

a Top match with significant ions score 74 56 33 

b Top match, but ions score not significant 26 37 13 

c Not top match and ions score not significant 10 11 11 

d No match because of higher scoring, non-significant 
matches 

- 6 11 

e No match because peptide sequence not found in 
MSDB 

4 - - 

f No match because peptide sequence not found in 
dbEST 

- 2 - 

g No match because coding sequence substantially 
missing from HG 

- - 15 

h No match because coding sequence poorly aligned in 
HG 

- - 10 

i No match because peptide spans exon / intron 
boundary in HG 

- - 19 

k No match because peptide results from non-tryptic 
post-translational processing 

- 2 2 

 

When we make a detailed comparison of the results from
searching the same data against the three different types of
database, the major differences are caused by two factors.

First, the human genome assembly is only a draft assembly and,
at the time we did this study, there were complete mRNA’s which
were either poorly aligned or even missing. This accounted for 25
“missing” peptide matches. Obviously, this situation will change
over the coming months as the assembly is refined.

The second factor will not change, if we choose to search the raw
genomic sequence. Approximately one quarter of peptide matches
are missed because they span exon / intron boundaries. This is not
a severe problem if we have multiple peptides from the protein,
but is clearly a limitation.
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HGP Draft Assembly

• Searching complete chromosome entries is possible,
but unwieldy.

• Scoring statistics very similar to dbEST

• Some well characterised proteins are ‘missing’ (e.g.
transaldolase)

• When error rate is high, better off searching
redundant EST’s than a single consensus sequence

• Still too early to use public draft assembly for routine
protein ID?

The main conclusions of our database comparison study are listed.
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http://www.matrixscience.com


