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When you install Mascot, it includes a copy of the Swiss-Prot protein database.

However, it is almost certain that you and your colleagues will want to search
other databases as well. There are very many to choose from, and Mascot
allows you to have as many databases on-line for searching as you wish.

Matrix Science doesn’t supply sequence databases. Most databases are public
domain, and there are a few sites that provide comprehensive database
repositories. Two of the best known are NCBI and EBI. Here, you can
download nr, GenBank, Swiss-Prot, EMBL, Trembl, etc.

For specialised databases, such as individual genomes, you may have to track
down the FTP site of the group that is doing the sequencing.




Sequence Databases

Swiss-Prot (~568,000 entries)
» High quality, non-redundant; ideal for PMF & some MS/MS
UniProt proteome database (size varies by species)
* >300K proteomes of which 18K are reference proteomes
* Quality varies depending on popularity of species
NCBlprot, UniRef100 (NCBlprot ~520,000,000 entries)
» Comprehensive, non-identical
EST databases (>400,000,000 entries in translation)
» Very large and very redundant
» Not suitable for PMF
Sequences from a single genome
» Not suitable for PMF
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There are a huge number of database, and often it is not clear which is the appropriate
one to choose for a search.

SwissProt is acknowledged to be the best annotated database, and is non-redundant,
making it an ideal choice for PMF searches, where the loss of one or two peptides is
not a concern. SwissProt is also a good choice for MS/MS of a well characterised
organism, such as human or mouse or yeast.

UniProt proteome database for the species of interest are an excellent database to
choose especially if the species is of research importance, Human, Rat, Mouse, E.
Coli etc as they will be well annotated and comprehensive. For less commonly
analysed species they can still be a good resource that is a smaller database to search
than, say, all of green plants in NCBIprot. The Uniprot proteomes are based on the
translation of a completely sequenced genome and will normally include sequences
that derive from extra-chromosomal elements such as plasmids or organellar genomes
in organisms. Some proteomes may also include protein sequences based on high
quality cDNAs. The raw sequence data comes from translations of genome sequence
submissions to the International Nucleotide Sequence Database Consortium (INSDC).
Proteomes with a Benchmarking Universal Single-Copy Orthologs (BUSCO)
complete score above 95% considered good.

The comprehensive, non-identical databases are a good choice for MS/MS searching
if you don’t want to miss any matches. After NCBI changed the accession number
formatting in 2017 the nr database definition is now called NCBIprot on Mascot




Server.

NCBIprot and UniRef100 both aim to include explicit representations of all known
protein sequences. However, they are huge, over 300 million entries so take a long
time to search. Plus, only the best quality data will obtain matches when searching the
whole database. There are some non-redundant versions of UniRef, such as UniRef90
and UniRef50. If you search these databases you may miss some matches.

If the genome of your organism of interest has not been sequenced, it won’t be
represented in the protein databases, but there may be lots of Expressed Sequence
Tags (ESTs). Not advisable for PMF, because many sequences correspond to protein
fragments.

Single genome databases can sometimes be useful for MS/MS searches. You will want
to include a contaminants database in the search, to ensure spectra from contaminants
don’t get mis-assigned to the target organism.

(Entry counts from mid 2022)



NA Translation
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|:AAG'CCChTCﬂGACTAAChGCAGATCTCTTGGCAGAAACTCTRCA GCCAGAAGAGAGTGGGGGCCAATATTCAACATY
|59920|J |§992 10 |599220 |599230 |5992¢ 0 [5992 50 |§992 60 |§99210
FTTCGGGT.RGTCTG-ATTGTCGTCTAGAGAACCGTCTTTGAGRTGTTCGG-TCTTCTCTCACCCCCGGTTATAAGTTGTR.F
A W * VL L LD RPTELTETETVTETWTETLTT PATLTI * ¢ B

Residue: FFLLSSSSYY**CC*WLLLLPPPPHHQQRRRRIIIMTTTTNNKKSSRRVVVVAARA
Start:  m-----mmmmmmeemmmm e 0 e Al Mt
Base 1: TTTTTTTTTTTTTTTTCCCCCCCCCCCCCCCCAAAAAAAAAAAAAAAAGGGGEGEGGGGGGGGE
Base 2: TTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTCCCCAAAAGGGGTTTTECECAAAAGGGG
Base 3: TCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCAGTCARAGTCAGTCAG

* = stop
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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.




NA Translation

« Mascot translates on the fly in all 6 reading frames

« Translation starts from the beginning of the sequence, not from a
start codon

«When a stop codon is encountered, inserts a gap and re-starts
translation

+No attempt to resolve codon ambiguity

«Where taxonomy information is available, translation uses the
correct genetic code.
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The rules for NA translation in Mascot are:
Translate the entire sequence, don't look for a start codon to begin.

When a stop codon is encountered, 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 Mascot.

Finally, all translations use the correct genetic code, as long as the taxonomy is
known.




Single Genome Data

Mascot help pages
describe how to
navigate NCBI web
site
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All the genomes in GenBank are translated into protein sequences in
NCBIprot. Usually, this is the simplest option for a Mascot search. But, if you
are not confident that the coding sequences and reading frames have been
identified correctly, or you are looking for something unusual, you might wish
to search the genomic DNA directly. The Mascot help page for a generic
database describes how to locate and download different types of sequence
data, including genomic DNA -
https://www.matrixscience.com/help/seq_db setup generic.html




Single Genome Data

Assembled genomes

«Searching a database of one, (or a few), very long sequences is
possible, but:

Mascot reports will be unwieldy
Memory inefficient

«Better to split the sequence into segments
Small overlaps to ensure no peptide lost
Maintain frame numbering

https://www.matrixscience.com/downloads/splitter.pl.gz
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Assembled genomes are not ideal for a Mascot search, because it would make the
reports too unwieldy.

The longest human chromosome is chromosome 1 with 285 million base pairs. We
don't know of any tools for reviewing the results which can handle 250 Mbp
sequences.

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.

For efficient searching and reporting, the genomic DNA needs to be chopped into
shorter sequences, with small overlaps to ensure no peptides are lost because they
span a boundary. This is not a completely trivial task if you want to maintain the
original forward and reverse frame numbering from chunk to chunk. A simple Perl
utility to split a long sequence can be downloaded from the Matrix Science web site.




M MASCOT Search Results

Protein familics 110 (out of 431)
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To illustrate the features of the different types of database, we first searched a
very small dataset of 33 thousand MS/MS spectra against a protein database,
the Uniprot complete mouse proteome. There are significant matches to some
431 mouse proteins.
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With Mus_EST, we obtained a very similar set of peptide matches. However,
look at the hit-list. Unlike the protein database search, it doesn’t immediately
communicate which proteins have been found. I'll return to this issue later.
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The Protein Family results report from the EST search looks pretty similar to
the UniProt search, except that the EST sequences are mostly shorter than full
length proteins, so the peptide matches are more scattered. If we click on a
protein accession number link...
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K. Mascot Search Results: AIS26761% . - o X

C @ O D localhost ! B o & @ » =

5% MASCOT Search Results
Protein View: AI526761

AI526761.1 uja2ell.yl Sugano mouse liver mlia Mus musculus cDNA clone
IMAGE:1922636 5’ similar to gb:M61853 CYTOCHROME P450 I1C18 (HUMAN); gb:D17674
Mouse mRNA for cytochrome P-450, complete cds (MOUSE);, mRNA sequence.

Database: Mus_EST
Score: 201
Monoisotopic mass (M,): 26848
Calculated pl: 9.63

Frame: 3
Taxonomy: Mus musculus

NB: Matches were also found in other frames, indicating a possible frame shift. Only matches in frame 3 are shown in
this report.

Show frame | |3 v
Sequence similarity is available as an NCBI BLAST search of AIS26761 against nr.
Search parameters

MS data file: D:\1PRG200S\mgL \merged.ngt

Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications:  [TRAQ4plex (K), (TRAQ4plex (N-term), Methyithio (C)

Variable modifications: Acetyl (Protein N-term), Gin- >pyro-Ghy (N-term Q). Quidation (M)

Protein sequence coverage: 16%

Matched peptides shown in bold red.

I CAGEGLARME L

AL Mascot Search Resuts: AIS26761X | +

« C @

IS MASCOT Search Results
Protein View: AI526761

AlI526761.1 uj42ell.y1 Sugano mouse liver mlia Mus musculus cDNA clone
IMAGE:1922636 5' similar to gb:M61853 CYTOCHROME P450 I11C18 (HUMAN); gb:D17674
Mouse mRNA for cytochrome P-450, complete cds (MOUSE);, mRNA sequence.

Database: Mus_EST
Score: 201
Monoisotopic mass (M,): 25379
Calculated pI: 9.79

Frame: 2
Taxonomy: Mus musculus

NB: Matches were also found in other frames, indicating a possible frame shift. Only matches in frame 2 are shown in
this report.

Show frame | |2~
Sequence similanity is available as an NCBI BLAST search of AI526761 against nr.
Search parameters

MS data file:

D:\iFRG2008\mgf\merged.mgt

Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications:  [TRAQ4plex (K), (TRAQ4plex (N-term). Methyithio (C)

Variable modifications: Acetyl (Protein N-term), Gn->pyro-Gly (N-term Q). Qxidation (M)
Protein sequence coverage: 12%

Matched peptides shown in bold red.
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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 3.

But, as so often happens, there is a frame shift in this entry, and there is an additional
match in frame 2.

11
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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.

To address this problem, we can use the UniGene index from the National
Center for Biotechnology Information to simplify the search results.

12
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UniGene: An Organized View of the Transciptome.
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UniGene is not a sequence database, it is an index which is created by
BLASTing GenBank sequences against themselves to cluster them into gene
families. NCBI retired UniGene indexes in 2019. Mascot Server 2.8 still
supports the feature and the indexes are still available for download.

13



L C M O bogong/mascot_2_4_ed : w A

Database configuration: Invertebrates_EST

UniGene indices

Selected Available

Anopheles_gambiae Acyrthosiphon_pisum -~
Caenorhabditis_elegans Aedes_aegypti

Drosophila_melanogaster Alvinella_pompejana

Amphimedon_gueenslandica
Ancylostoma_caninum
Anolis_carolinensis
Aphis_gossypii
Apis_mellfera
Aplysia_californica
Aquilegia_formosa_x_Aquilegia_pubescer
Arabidopsis_thaliana
Arachis_hypogea
Artemisia_annua
Bicyclus_anynana
Bombyx_mori

Bos_taurus
Brachypodium_distachyon
Branchiostoma_floridae
Brassica_napus

oo

Brassica_oleracea ™
[ Enabled (?)
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UniGene index files can be downloaded manually from the NCBI FTP site, but
if you are using Mascot 2.4 or later, UniGene is predefined for the EST
databases from both NCBI and EMBL. If enabled, index files will be
downloaded automatically whenever the FASTA file is updated.

If using Mascot 2.3 or earlier, you have to make configuration changes in the
database update script and mascot.dat. Details can be found in Chapter 6 of the
manual and in the Mascot help page for NCBI EST.

14



Format Significance threshold p< 0.05 Max. number of families AUTO Ahelp]

Target FDR (overrides sig. threshold) | (not set) v FDR type PSM v
Display non-sig. matches O Min. number of sig. unique sequences |1 ~

Show Percolator scores O Dendrograms cut at 0

UniGene index: | None v

preferred taxonomy None | ¥

Mus_musculus
P sensitivity and FDR (reversed protein sequence: ,
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When UniGene is configured, we can select Mus_musculus from the drop-
down list in the format controls.

15
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Now, using the UniGene index as a lookup table, we can transform the results
of an EST 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 map one set of accessions to
a more useful set.

16



B30 sulbsets and bntersections (115 subsed proteins in total)
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The protein family summary groups entries together, but it can only connect
overlapping entries which have at least one shared peptide match, so it will
sometimes fail.

There are seven proteins entries grouped together in protein family 5 from the
EST search. The entry names give no clue as to the protein function.

17



| proteins (s0s) || mecort Buider || unassianed (a1844) & permalink

Protein families 1-20 (out of 895)

20 ~ | per page 112](2 (4] |5 |~ (45 Mext Expand all | | Collapse all
Accession v | contains v Find Clear
b Mm.31018
(G S - ;
- - - 2 FO710191 s mANA 3-prime sequance 3030000046603833
] & ] .
L] Mm.14796
[ ] Mm. 15537
»s Mm. 473847
-6 Mm.20764
Score Mass Matches Sequences emPAI F
6.1 #Mm. 20764 481 0 40 (40) 9(9) Cvp2c29 Cytochrome P430, fam oiam, pride 29
w40 peptide matches (12 non-duplicate, 28 duplicate)
Auto-fit to window

Observed Mr(expt) Mr(calc) Delta M Score Expsct Rank U Peptide
21.2416 1560.7029 1559.8187 8842 59 0.00065 By U

€45.2635

} 1 subset or intersection (1 subset protein in total)
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However, when we look at the UniGene report, we find that many of these
matches all belong to the same gene, for Cytochrome P450.

In this case there was some over grouping of proteins with shared peptides,
and these have been split off into separate protein families.

The other advantage of UniGene is that it gives us the more useful
descriptions.

18



Mouse Genome Statistics

«2.7 x 10° bases
(Mus_EST is ~ 2.2 x 10° bases)

*5.4 x 10? residues in 6 frame translation

«99.75% of translated sequence is non-coding

«~ 1.5 x 10° tryptic limit peptides of 1500 Da + 0.5
«~ 6 x 107 no-enzyme peptides of 1500 Da + 0.5

MASCOT : Sequence Databases ©2007-2023 Matrix Science gﬂc’}gﬁlé%

We can also perform MS/MS searches on the raw genomic sequence data. Let’s just
look at some numbers for the assembled mouse genome.

The mouse genome assembly is approximately 2.7 billion bases, which makes it a
little larger than Mus_EST.

Since we must translate in all 6 reading frames, this corresponds to 5.4 billion amino
acid residues.

In the mouse genome, only 1.5% of the sequence codes for proteins. This means that
99.75% of the 6 frame translation is non-coding and simply contributes to the
background of random matches. This is a good test of the discrimination of the
scoring scheme.

If we are matching MS/MS data from a tryptic peptide of nominal mass 1500 Da
against the mouse 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!




Hew! Click on Switch view at the top to see another way of navigating genomes.

GRCM39 L ]

shrew mouse Download via NCBI Datasets

Assembly details
Name GRCm39

" RefSeqaccession  GCF 1635.27
GenBank accession (A 0000016 3
Submitter Genome Reference Consortium
& < Mongatisn black rat
VOGO

gt Leval Chromasome
Chinesa hamster e

Category Reference genome

Replaced by GCF_000001635.26
Annotation details

Annotation Release 109 )

Release date Sep21,2020
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You can download the mouse genome sequences from NCBI.




) National Library of Medicine

Q, Search NCBI

! Genome assembly GRCmM39 e

Assembly statistics

These statistics describe the nuclear genome of the reference sequence. GCF_000001635.27

Download

ect file type estimated

Genomic sequence, (FASTA)

[ Annotated features (GTF)

[ Annotated features (GFF3)

[ sequence and annotation (GBFF)
(] Transcripts (FASTA)

[ Genomic CDS (FASTA)

(] Proteins (FASTA)

GCF_000001635.27.zip

MASCOT
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We chose the assembled chromosomes, 24 files. Although you could search this as a
24 entry database, this is not memory efficient, so we used the script mentioned earlier

to split the chromosome sequences into overlapping segments of 12 kb

21
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This is the result of searching our data against the mouse genome assembly. If
you thought the Mus_EST entry titles were uninformative, how much worse is
this?




¥ Semsitiity and FDR (reversed protein sequences)

Protein families 1-10 (out of 312)
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If you click on an accession number link, for a protein view report, you can get
either the standard protein view report or an alternative

23
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This is the peptide match results formatted as an EMBL / GenBank format
feature table. This may not look very friendly, but the advantage of this report
is that it can be read into a standard genome browser.

To enable this feature add the “FeatureTableLength” parameter to the options
section of the mascot.dat file using the Configuration Editor->Configuration
Options editor or a text editor. Set the value to less than the number of bases
that the genomic was split into. A FeatureTableLength 10000 is a good value.

24
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Genome browser and annotation
tool that allows visualisation of
sequence features, next
generation dala and the results of
analyses within the context of the
sequence, and also its six-frame
translation.

Artemis is a free genome browser and annolation tool that allows
visualisation of sequence features, next generation data and the
results of analyses within the context of the sequence, and also its
six-frame translation.

About
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Here’s the result of reading the feature table containing the Mascot peptide matches

into Artemis.

25
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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
start (purple) and stop (black) codons.. Individual Mascot peptide matches are
shown in red or pink when selected. This particular gene has 11 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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Mouse UniProt vs. EST vs. Genome

‘¥Search parameters

Type of search : MS/MS Ion Search
Enzyme : Trypsin/P
Fixed modifications : #iTRAQ4plex (K), fiTRAQ4plex (N-term), «f/Methyithio (C)
Vvariable modifications : fAcetyl (Protein N-term), fGIn- >pyro-Glu (N-term Q), efOxidation (M)
Mass values : Monoisotopic
Protein mass : Unrestricted
Peptide mass tolerance :+ 0.9 Da
Fragment mass tolerance : £ 0.6 Da
Max missed cleavages HS |
Instrument type : ESI-TRAP
Number of queries £ 33,191
Database Size in Average score Number of
residues threshold PSMs (1% FDR)
Uniprot mouse 2.8x10"7 1834
EST mouse 4.5x10"9 59 675
Mouse genome 5.5x10"9 59 548
MASCOT : Sequence Databases © 2007-2023 Matrix Science g/i&gﬁl&(}a

All well and good, but which database gives the most matches? We searched a larger
dataset against all 3 databases. The data was the public iPRG2008 dataset distributed
by ABRF.

There is a big drop in the number of matches between Uniprot mouse and EST mouse.
The reason is mainly that EST mouse is a much bigger database, by more than a factor
of 100. This means that the score thresholds are approx 22 higher, and we lose all the
weaker matches, that had scores between 37 and 59. Yes, there may be additional
matches in EST, not found in Uniprot, but the net change is highly negative.

You can see at a glance that the mouse genome is even worse. This is not because of a
still higher threshold; although the database is slight larger than Mus_EST the
thresholds are the same. One reason is that a proportion of potential matches are
missed because they are split across exon-intron boundaries. Based on average peptide
length, approx 20% of matches would be lost for this reason. In this particular
example, the difference is just under 20% at 18.8%. The other factor is that the mouse
genome is only 1.5% coding sequence, and represents a single consensus genome.
EST is 100% coding sequence and represents a wide range of SNPs and variants.
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«Searching complete chromosomes is possible, but unwieldy.

«Scoring statistics for assembled genome very similar to Mus_EST, but
« the genome is a single consensus sequence, Mus_EST represents many variants
* Mus_EST is 100% coding, MG assembly is 1.5% coding
« lose approx 20% of matches because they straddle an exon - intron boundary
«In general, Mus_EST is a better choice
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So, these are our conclusions for the mouse genome, and the same considerations
probably hold for other large mammalian genomes.

Plant and bacterial genomes are a different matter. If the species is not well
represented in the protein databases, there is a much stronger need to search EST or
genomic databases.
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