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In this session, I'm going to describe Mascot Parser - a toolkit to help you take
Mascot results files and export the data in them to a database or an Excel
spreadsheet.

So, I'll be covering what it does and equally importantly what it doesn’t do.

I'll next give a quick run down of the programming tools that can be used with the
toolkit,

Finally, I'll give a very simple case study example of a project using Mascot Parser.



What i1s a Mascot Result file?
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I should just briefly explain what a Mascot Results file is, because this won't be
obvious to some of you.

When a search is submitted, either from a search form, or from Mascot Daemon, the
search engine runs and creates a results file on the server. It is important to note
that the search engine does not output the search results that you see on the screen.
A perl script on the mascot server then reads the results file and creates html
output.

This means that you can go back and look at old results without re-running the
search.

It is also important that you don’t write programs that screen scrape. By this mean
I that you shouldn’t look for specific text in the html output and then ‘parse’ that
text. Suppose for example that you looked for the text “Significant hits:” here, and
one day we decided to tidy up the grammer and if there is only one hit we put the
text “Significant hit” - then the screen scraping would not work.



Contents of a result file

Cont ent - Type: application/x-Mascot; nanme="peptides"

ql_p1=0, 701. 407150, - 0. 014426, 5, TNKLLN, 5, 00000000, 57. 81, 00000020000000000, 0, 0; " T2815 0: 869: 874: 103. . .
ql_p2=0, 703. 368652, - 1. 975928, 5, CNKLI N, 5, 00000000, 57. 81, 00000020000000000, 0O, 9:14:134,"F.
ql_p3=0, 703. 368652, - 1. 975928, 5, CNKLLN, 5, 00000000, 57. 81, 00000020000000000, 0, 1595: 1600: 1.
ql_p4=0, 701. 407150, - 0. 014426, 5, TNKI LN, 5, 00000000, 57. 81, 00000020000000000, O, 227:232:62, .
ql_p5=0, 699. 427872, 1. 964852, 5, VNKI LN, 5, 00000000, 57. 81, 00000020000000000, 0, 0; " CAD52426" : 0: 318: 323: 10.
ql_p6=0, 699. 427872, 1. 964852, 5, VNKI I N, 5, 00000000, 57. 81, 00000020000000000, 0, 0; " CAD5243 962: 967: 43.
ql_p7=0, 699. 427872, 1. 964852, 5, VNKLI N, 5, 00000000, 57. 81, 00000020000000000, 0, 0; " CAD5275 885: 890: 37. ..
q1_p8=0, 701. 372272 0 A040651 C TAMOLLM E_00AMOAAD_E7 01 n0nnn02000nA0ANAS A o oAcno0n”  ): 207 302 76. . .
q1_p9=0, 701. o 249: 254: 3.
q1_p10=0, 701.
q2_p1=0, 830.
q2_p2=0, 830.
q2_p3=0, 830.
02_p4=0, 830.
42_p5=0, 830.
42_p6=0, 830.
q2_p7=0, 830.
42_p8=0, 830.
42_p9=0, 829.
q2_pl , 830. 449738, 0. »000000000, 31. 80, 00020020000000000, 0, 0; " A4559 719 725: .
q3_p1=0, 893. 424240, - 1. % 2, 000000000, 18. 70, 00000020000000000, 0, 0; "H71621": 0: 1386: 1392. . .
q3_p2=0, 892. . YN, 2 000000000, 18. 70, 00000020000000000, 0, 0; " RNZQBF": 0: 306: 312: 5. . .
q3_p3=0, 890. 4 “XKFKI'N, 2, 000000000, 18. 70, 00000020000000000, 0, 0; “ RNZQBF 337: 343: 53.
q3_p4=0, 891. 2, LGYI SLI N, 2, 0000000000, 18. 70, 00000020000000000, 0, 0; " RNZQBI 367:374.
q3_p5=0, 891.
q3_p6=0, 892. - 972984, 2, NNYKKI N, 2, 000000000, 18. 70, 00000020000000000, 0, 0; " RNZQBF" :
q3_p7=0, 892 . 961754, 2, GLNSLYLN, 2, 0000000000, 18. 70, 00000020000000000, 0, 0

. 907631, 2, PFTGNM N, 2, 0000000000, 18. 70, 00000020000000000, 0, 0

. 943993, 2, GFMNVVLN, 2, 0000000000, 18. 70, 00000020000000000, 0, 0 .

q3 p104J, 890. 398102 1. 105522, 2, NEDSI SI N, 2, 0000000000, 18. 70, 00000020000000000, 0, 0 1659: 16.
g4_p1=0, 1331. 656815, 0. 099909, 10, EDKEENI KTLN, 12, 0000000000000, 119. 50, 00020010000000000, 0, 0; " CAD50805.
q4_p2=0, 1333. 599686, - 1. 842962, 7, ENEEENI KSDK, 10, 0000000000000, 53. 82, 00020000000000000, 0, 0; " CAD50855" . . .
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IS

g4_p1=0, 1331. 656815, 0. 099909, 10, r120°
EDKEENI KTLN, 12, 0000000000000, 119. 50, | ¢ '0_023 ii’?g;i :
00020010000000000, 0, 0: " CAD50805” -

ADWHDSDDDD

We don't have time to look at a results file in detail, but this is the peptides section
of a results file, and this is what is used to create the peptide summary report



Problems with parsing results
file

Protein summary is quite easy
Concise protein summary groups similar proteins

Peptide summary groups all the peptides into
proteins and sorts by score

Mascot 2.0 reports will use Mascot Parser
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The protein summary is quite easy to extract from the results file, and quite a lot of
Mascot users have done this. If that is all you need to do, then it's quite likely that
you don’t need Mascot Parser.

The concise protein summary is a little harder. This was introduced in Mascot 1.9,
and basically groups similar proteins together.

The peptide summary report is quite involved. In the previous slide | showed the
peptides section of a results file, and this is what is used to create the peptide
summary report. There’'s no information directly here about what the top scoring
protein is. It has to be determined by calculating the score for each protein that has
one or more peptide hits. The list then has to be sorted by score and similar proteins
have to be grouped together. Furthermore, it has to be done efficiently and clearly,
this is more than a couple of lines of code.

With Mascot 2.0, we are using Mascot Parser, and this speeds up the loading of
large reports.



What does 1t do

* Enables a programmer to easily gain full access
to Mascot results

* Enables a programmer to put results into a
database

» Enables a programmer to easily display custom
reports

ASMS 2003 ki

So, finally, what does Mascot Parser Do?

Enables a programmer to easily gain full access to Mascot results
Enables a programmer to put results into a database

Enables a programmer to easily display custom reports



What doesn’t it do

Make the tea / coffee

Access configuration files and utilities such as
ms-getseq and ms-gettaxonomy

Cannot be used with data on Matrix Science
public web site

Absolutely no use to anyone who cannot write a
small computer program

{ MATRIX
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I wouldn’t be being fair if I didn't say what it doesn’t do.

Somewhat obviously, it doesn’'t make the tea - although, being English, we are
working on that aspect.

Secondly, it doesn’t currently allow access to configuration files such as mascot.dat -
that is changing, and we are adding support for this in the next major release. Also,
it cannot return for example the taxonomy ID for a particular protein - it doesn’t
call the utility to do this

Finally, it is of no use to anyone who cannot program - it is a toolkit.



| can’'t program - can | fall
asleep now?

Do you have access to any
programming resource?

Have you ever written a few lines of
Perl?
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Don't let me keep you awake - after all you have several hundred talks and 5000+
posters to look at over the next few days, so now mught be a good time for a nap.

However, just before you nod off, can | ask two simple questions? The first is “Do
you have access to any programming resource? If the answer to this is “yes”, then
the rest of this talk is actually directed towards you. | will show a couple of slides
with code very briefly - but the rest of the talk is more relevant for someone trying
to get a programmer to developa tool

Or, have you ever written a few lines of Perl? | am continually amazed at the
resourcefulness of people who would chiefly consider themselves to be biochemists
ormass spec experts - so many people seem able to fix computers, replace chips on
PCBs, fix pumps, and even program a little. If I've not convinced you to stay with
me, then all I ask is that you don’t snore.



Case study

Defining the problem
Programmer writes the code
Review the results

What can possibly go wrong...
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To make this slightly more interesting, we are going to provide a follow a story of
how some software might get developed for your lab. The steps are:

The problem is defined - hopefully by someone who actually understands what the
issues are.

The programmer performs some system analysis, and then writes some code.
We will then review the results? So, what can possibly go wrong?



Software development process

‘M As proposed
by the project
sponsor.

specified in
the project
request

As
designed by
the senior
analyst

by the
programmers
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These pictures really show my age - about years ago, it was common to see this
sequence in most software development books.



Software development process

As installed
at the user

What the
user
wanted
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Case study - defining the problem

10,000 search result files. More every day
Lots of junk spectra

Studying scalp ringworm, so interested in all
keratin proteins

Create a simple database with the, date, user
name, protein name, Mascot score and a link to
the Mascot results

Janet: How do you spell keratin and what’s a
mass spectrometer?
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So, bearing in mind what I've just said, you can probably see that this project is not
going to go very smoothly. I must state that this project has no resemblence to any
project that we know about, but to protect the innocent, names, identities and
sample source code have been changed.

Mass spec expert ‘Harry ' explains the problem to programmer who shall call ‘Janet’

Harry explains that they have 10,000 search result files, many of them contain junk
spectra.

Harry: Due to a recent discovery, | really just want to see all the keratin proteins -
if 1 could just search for that in these 10,000 results I'd be very happy.

Janet: So that'’s all that you want to see?

Harry: As long as | can get a link back to the Mascot results page, this will be fine
for a first step.

12



Platforms and tools supported

C++, Perl and Java

C++ is supported for most common compilers
and with static and dll/shared libraries

Most versions of Perl are supported

It will run on Windows, Linux and all Unix
platforms supported by Mascot
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We will just have to break from our case study for a moment to see what options are
available for Janet the programmer,

So, the programming languages supported are C++, Perl and Java. The Java
version is not quite available yet, but we have been uing it in house for the last
couple of months.

It's a technical detail, but most C++ compilers are supported, and you can use both
types of library.

Most versions of perl are supported and we will do our best to help you with less
common ports of perl

And it will run on all the platforms supported by mascot

13



What's included i1n the toolkit

Libraries for Perl, C++ and Java for your platform
Example code for all three languages

Online documentation - available as a compiled
help file for Windows or html pages for Unix

Free support

ASMS 2003 ki

The package contains all that you need - the libraries for the relevant language,
example code and online documentation

14
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Compound List

a matrix_science::ms_inputqueny

a matrix_science::ms_mascotresfile

a matrix_science:ms_mascotiesults

a matrix_science::ms_peplide

a matrix_science::ms_peptidesummary

a matrix_science::ms_protein

a matrix_science:ms_prateinsummany

a matrix_science::ms_searchparams

a matrix_science: ms_unigene

a matrin_science:ms_unigene_entiy
Clasz Hierarchy

Compound Members

Fielated Pages

[=] Installation of the Perl toalkit

[=] Installation of the C++ toolkit

% Installation of the C++ toolkit [windows)
% Installation of the C++ taalkit (Unix]

% Using the taalkit fram C++ - a quick guid:
% Using the taalkit fram Perl - a quick guide
[=] Emmor tolerant searches

2 Unassigned peptides list

2 Girouping proteins together

2 Ermor Handling

2 UML Class Diagram

a Example code

a Example Peil code for emor handling

a Example Peil code for retrieving general
a Example Peil code for retrieving search |

a Example Perl code for refrieving \nputjilll

=3 Cuvmorde Beel e for n.r.ﬁ., [ERp——
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Matrix Science MSPARSER toolkit

Description

The msparser toelkit from Matrix Science enables Mascot results files to be easily parsed and
then exported to other applications or to relational databases. It is provided in the following
formats:

e DLL and static libraries which contain C++ library code for Microsoft Windows.

o A shared C++ library and static libraries for use with all the Unix platforms supported by
Idascot.

o A Perl module for Windows

o A Perl module for use with all the Thix platforms supported by Mascot.

Mote that the Pet] module will be supplied and mstalled with all Mascot installations frot IMascot
wersion 2.0 onwards

The C++ libraries are not provided with a standard Mascot nstallation, and are available as an
optional extra along with the required header files

Documentation is provided as httal pages or (for Microseft Windows otily) a compdled 'chm' file
See Installation of the Perl toolldt for getting started with the Perl toolkit

See the Installation of the CH toolkit for details about installing the toelkit for use with C+ _lll
| | v

{ MATRIX
SCIENCE.

There is extenisive help - either in a compiled help file for Windows, or
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% Matrix Science MSPARSER Documentation - Mozilla
. File Edit vYiew Go Bookmarks Tools Window Help

0.@ O @ [

| A& Home | EdBockmarks
. . [ Thiz 12 equal to gethrCale() + getDelta(), so note that thiz will be zers of there was no

(h Matrix Science MSPARSER ] match because there is no calcvlated value and no delta. It is generally recommended that you
~[E) Mawix Science MSP ARSER call ms_mascotresfile:: getObservedMrValue!) since this will abways return the relative
@ File List mass, even for no match
B¢ Compound List
B Class Hierarchy _|| int ms_peptide::getPrettyRank ( ) const
B manix science:ms inputauel = Sirndlar to getRank() except that equivalent scores get the same rank.
- [£] matriz sclencerms mascotry

@ matriz sciencesms mascotrd For a peptide summary, the top 10 peptide matches for each query are saved. These are

[ matriz science:ms peptide scored with rank 1 to 10, and the rank can be obtaned using the getRank() function.

- [B] matriz sciencerms protein However, if say, the top three matches are the same, it is generally better to say (in a report)
that these are all rank 1. The fellowing table shows an example:

[£] matri science:ms searchpd

[£] matrix science:ms unigene

|Rank |Pretty Rank |Scnre ‘Pepﬁde ‘Protei.n

[£] matriz sciencesms unigene |78 ‘MCDEFG ‘
~[B Compound Members
Q) Related Pages 78 ascoEer a[123456
] Installation of the Perl toolkit |73 ‘EACDEFG ‘
2] Installation of the C+ too!
[ Installation of the C++ too! |65 ‘ASDMSD
~[E] Installation of the C++ too |65 ‘
[E] Using the toollkit from CH+ | 12 ‘
[£] Using the toolkit from Perl - [
E] IR [¥]
ol O £) &3
{MATRFX
SCIENCE.
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Html help for other platforms



‘Simple’ object
oriented design that
allows access from
multiple languages
and platforms

10 ‘Classes’ to
represent proteins,
peptides, results,

input parameters
etc.

Support for all
search types and
reports including
Unigene, error
tolerant searches

The toolkit uses a very simple object oriented design. In order to support a wide
range of languages, and to simplify the learning process, we have kept the design
simple.

There are 10 classes to represent a variety of things such as proteins, peptide,
results input parameters etc.

It fully supports all the current search search types and reports including Unigene
and error tolerant searches

One of the key dewsign goals was that the same user code could be used for
different types of reports - for example, if you want to group est results using a
unigene index, then this can be done by simply passing the name of the unigned
index file as a parameter - no other changes to your code are required.
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Programmer writes the code...

e Janet’s system has Microsoft Office, so she
decides to use Microsoft Access and progam in
IC++1
Installs her copy of a ‘C++’ compiler and Mascot
Parser for Windows

The following morning, she has something ready
to show...

ASMS 2003 ki

So let’s get back to our case study programmer Janet.
Although she’s not a great fan of Microsoft Access, she has this on her system and
since she is familiar with C++ she decides to use that.

Janet is one of those rare breed of highly productive programmers, and by the
following morning (well actually it's early afternoon - most programmers seem to
work best at night) she has something ready to show.
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K] Microsoft Access - [Report : Report]

Ji File Edit Yiew Tools Window Help

-5 L@@ 0w || ®-|

Mascot Results

Prolein accession:  CADS0805

Protein Descripfion; PFMALTE1 NID: - Plasmodium falciparum 307

Protein score: 214
User Dr. Harry Malassezia

Rasulf path Jdata/200306/FO01311.dat

page: 1 (T o il 4]

There is only one This does not look
result from 10,000 like a keratin protein
searches

ASMS 2003 g kit

This is the Microsoft Access report that she shows to Harry. She explains that the
link back to the results file doesn’t quite work yet, and mutters something to Harry
about embedded something or other. However, she shows him how to take what is
displayed and copy it into a URL to display the results, and since Harry is not a
demanding sort of person he is happy with this temporary solution.

Harry then looks more closely at the result on the screen and says that this is not a
keratin protein - in fact Plasmodium falciparam doesn’'t have any skin. However, he
is not disheartened and says “Let’s look at some other results and see if they are
keratin”.

No, that is it - there is just one result... Janet says smiling. She fails to understand
why Harry is not pleased with this

Now, it is at this point that we at Matrix Science sometimes get a call or an email
for help. So, lets see what Janet did, and maybe see if we can help her out.

19



Database ‘design’

E] Microsoft Access
JE\Ie Edit Wiew Insert Tools Window Help

|IB-R[EEY|[imay ofe532 N Ea- 0.

B MascotResults : Table

Field Name Description
Path Full path to the results file - can create the URL from this
Accession Protein accession number
Descripkion Protein description
Scare Pratein score
User User name

Field Properties

General I Lookup I
Field Size: Long Integer
Mew Yalues Increment

Format
Caption

Indexed ‘es (Mo Duplicats
e s (Mo Duplicates) A figld name can be up to 64 characters long, incuding spaces.

Press F1 for help on Field names.

Design view. F& = Switch panes. F1 = Help. ] | I

ASMS 2003 e

Firstly, she designed the database. Design is rather a strong word to use here. All
she has is a single table with the name of the results file, the accession number for
the protein, the description of the protein, the score and the user name. She appears
to have done exactly what harry has asked here.

She next sets up an ODBC provider to link to the database - it's only a few mouse
clicks, so I won’t bore you with that.

Now, you need to take a deep breath, because the next two slides contain some code.
I promise that there are only two slides and it will all be over in less than 4 minutes
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int main(int argc, char * argv[])
{
if (argc == 2) {
ms_nascotresfile resfile(argv[1]);

if (resfile.isvalid()) {
nms_mascotresults * pepsum = new ns_pepti desummary(resfile);
ne_protein * protein = pepsum >getHit(1);
i f (anyKeratinlnProtein(pepsum protein)) {
TRY {
CDat abase db;
db. Open(" Mascot Resul ts");
std::ostringstreams;
s << "I NSERT | NTO Mascot Resul t s(Path, Accession, Descri ption, Score, User)"
<<" VALUES('" << argv[1] << "'
<< protein->getAccession() << "'
<< pepsum >get Prot ei nDescri pti on(protei n->get Accession().c_str())<<"'
<< protein->getScore() << "','
<< resfile.parans().get USERNAME() << "')";
db. Execut eSQL(s.str().c_str());

CATCH( CDBException, e) {
std::cout << "Error: " << (LPCTSTR)e->mstrError << std::endl;

END_CATCH
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This is almost the complete code that Janet wrote. | hope you can read it - lets look
at what it does.

The first couple of lines are mumb jumbo C, and take the parameter that you pass
to the program - this is a results file name. She then creates a mascot results file
object and then a peptide summary. See it's quite easy really.

She then gets the top scoring protein from the peptide summary. Well, how was she
to know that Harry wanted her to look at all significant scoring proteins. Clearly
she just has to add a little loop here.

The next line is a call to “anyKeratinsinThisProtein” - this is some code that Janet
has written - we will look at that later.

All of the rest of the code is making a SQL command and putting it into the
database.

So, we've not seen anything really wrong so far. Let’s have a look at the
anyKeratinsInThisProtein function.
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bool anyKeratinl nProtei n(ns_nascotresults * pepsum
ns_protein * protein)
{
bool found = fal se;
if (protein) {
for (int i=1; I <= protein->get NunPeptides(); i++) {
ns_pepti de * pep;

i f (pepsum >get Pepti de( protei n->get Pepti deQuery(i),
pr ot ei n- >get Pepti deP(i), pep)) {
i f (pep->getPeptideStr() == "KERATIN') {
found = true;

return found;

}

{ MATRIX
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Here we have a loop that is checking each peptide in the protein.

This function returns the amino acid sequence from the peptide. Oh, and she
appears to be looking for the text “KERATIN"...

I suspect that Harry didn't want her to do this.

22



scot Search Resul soft Internet Explorer
Elle Edit ‘Miew Favorites Tools Help

S =]
Adrress [] http:f/oe-400mascoticqifmaster_resubs.plFls—. jdatal20030603/F001311 dat B
-

8

b

T T T T T
120 160 200 240
Probability Based Mowse Score

4

Peptide Summary Report

Swntch to Protem Summary Report

To create a bookmark for this report, right click this link: FPeptide Summary Report { (data/20030603F001311 dat)

Select All Select Nane | Search Selected ™ Error tolerant Archive Report

1. CiDb50805 Mass: 95200 Total score: 214 Peptides matched: 3
PFMAL7?P1 MNID: - Plaswmodiwnm falciparum 3D7

[T check to include this hit in error tolerant search or archive report

Observed Mr{expt}) Mr{calc) Delta Miss Score Rank Peptide
702.40 701.39 701.41 -0.01 o 58 1 THEIIN
831.46 830.45 830.46 -0.01 o 72 1 KERATIH

1332.76 1331.76 1331.66 0.10 o 120 1 EDEEENIKTLH

Proteins matching a subset of these peptides:
AMFE345 Total score: 45 Peptides matched: 1 _I

‘a ,_ ,_ ,_ Local intranet 4

If we go back and look at the one result that she has, yes there is a KERATIN
peptide.

Back at Matrix Science, we have a little laugh, and suggest that she shows this
result to Harry and ask him to explain in a little more depth what he really wants.

However. | would not describe this as a bad experience. It only took one day for
Janet to do this. She now understands a little more about what needs doing. Harry
realises that he needs to explain in a little more detail.

In the swing example, the end user would have to wait a month to get what is
required. You won't know what you need to data mine until you start. So, let's give
Janet some advice.
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Case study - fixing the problem

Remove the test for ‘Keratin’

Put all the data in the database - including the
peptides for each protein hit

Create a query in Access - you don’t know what
you might need to query in future

{ MATRIX

ASMS 2003 SCIENCE.

Firstly, she must remove the test for keratin. Harry may only want keratin proteins
today - tomorrow | suspect he may want other proteins...so, put all the results in
the database - possibly leaving out junk hits.

She could then write an access query to search for the text keratin in all the
description lines.
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Support and licensing

Support is provided by email or telephone
A one-off fee per developer

Updates and support will be provided as long as
there is a Mascot support contract in place

Free to use the application that you develop
anywhere within your organisation
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One thing that has come up in this case study is that Janet needed to get support
from Matrix Science.

So, support is primarily provided by email.
The keratin problem was easy to find having seen the source code.
So it is a one off fee per development toolkit.

Updates and support will be provided as long as there is a mascot support contract
in place.

And you are free to use the application that you develop anywhere in your
organisation.
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Summary

Programmers tool to speed up development
Available for all platforms supported by Mascot
Can be used with C++, Perl and Java

Will have support for new reports etc. as they
become available

{ MATRIX
SCIENCE.
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In summary

- it is a programming tools to speed up development, and is of no use to someone
who cannot program

- it is available for all platforms supported by Mascot

- it can be used with C++, Perl and Java

- it is safer to use Mascot Parser than write your own code - support for new report
styles as they become available.

Thank-you for your attention, and please wake up anybody next to you who chose to
sleep.
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