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Mass
Spectrometry
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RAW files

(proprietary)

RAELY
L ver| EasierMgf
-

129 IMAC_PT_0_15_120_20120110_Fri&.R ReAdwdMascot? I extract_msn_classic I extract_msn_com RE

¥ centroid [~ verbose
precursarFromFilkerLine gzip
I compress

W keep readw mziML ™ Do mzML (only)

===== Starting Process =====
exe_readw/ReAdW.exe —mzXML -centroid C:\tempraw_demol29_Ir

LI —I _’I D:\temp\29_IMAC_PI_0_15_120_20120110_Fr16.mzXML

out- Xcalibur 2.0 interface initialized.

_ (Therma lib opened file C:\tempraw_demo'29_IMAC_PI_0_15_120_"
file version iz 63, interface version is 2.0 or greater

Clear | file should contain scan numbers 1 through 6955

(got computer name: BICINFOO1)

Calculating sha 1-sum of mzxXML

—-done (mzXML sha1):07084a9db 1a377f0c7 158ec3e8694bar

Select | Removel

[ shreorcols e[ hwss

W Remove +1 scans W Split Msz-Ms3

Canverk
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MGEF files
(standard)
Directory
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» B
[Fleasier main.pyw ¢

Mhewer, :
v ver| EasierMgf

ExtractMsnClassic ReAdW4Mascot
ExtractMsn

,o ExtractMsnCom ReadW i

@ SN - SN - vy

~— —————— v

o , [Fleasier_ mgf_builders.py | .

(=) A—>B Inheritance o o —Main Packages Used
Am A+=B Composition & Use e e ® build_mgf_from_dtas

Q. B Python File el ® build_mgts_trom_mzxml * subprocess

& i) Class * array

b <] Function build_mgf * xml.etree.ElementTree

|
e __I - .¥V%ﬁyf%ﬁﬂ [?u
o ——— Uses the wxWidget
I v uses the wxwiagets
[+ =henal ol e | [9) i

E e MyEasierFrame i C++ library. |
- v Cross-platform.

=] = v Not heavy-weight.

X

£ ~-—- |Fleasier_engynes.py | i Stable only for

® V V V V Python 2.7.

J &l LiterateReAdW4Mascot2Panel LiterateExtractMsnClassicPanel | LiterateExtractMsnComPanel LiterateReAdWPanel — v Modular and easi ly

{ ] composable.
]IE readw4mascot2.py \ ]@ extractmsn.py \ ]IE extractmsncom.py \ ]IE readw.py “— https://wxpython.org —
ReAdW4Mascot2Panel ExtractMsnClassicPanel ExtractMsnComPanel ReAdWPanel

;



https://wxpython.org/

)
Q
&
=]
e
o
Q0
©
-
Q
el
c
-
=}
]
©
-l

;

[ LYMPHOS WORKFLOW - DRY LAB

.. EasierMgf
M‘.MGFi aSIQr g
» BB
[Fleasier main.pyw ¢
ExtractMsnClassic ReAdW4Mascot
ExtractMsn
ExtractMsnCom ReadW :
\:I
, [Fleasier_ mgf_builders.py | .
A—>B Inheritance ® b op —Main Packages Used —
A+=B Composition & Use e EEE] ® build_mgf_from_dtas

B Python File e A = build_mgfs_from_mzxml . SprFOCESS

= Class add_quant_to_cid ° array

Function build_mgf * xml.etree.ElementTree

=
T 3 ° 7
D e W Py# £ﬁ n g
R . \_python:
[ speonalo sjeoh e | (8] MyEasierFrame Py<€Xe T
et
e v Packages the -
p i program as a MS
Windows executable.
~ |Fleasier_engynes.py | i v Easy to distribute.
v Y v Easy to automatize.
(@ LiterateReAdW4Mascot2Panel [ LiterateExtractMsnClassicPanel | LiterateExtractMsnComPanel -| [ LiterateReAdWPanel « On Iy for Pyth on2.7
on MS Windows.
]@readw4mascot2.py \ ]@extractmsn.py \ ]@extractmsncom.py \ ]@readw.py http://py2exe.org
ReAdW4Mascot2Panel ExtractMsnClassicPanel ExtractMsnComPanel ReAdWPanel
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MGEF files

Directory

Tt |
v

Target +
Decoy

f

4>

SequestGui
TSV Result file

=10l
Group 1 Group 2
4> Mgf DIR I_WurkFIow\demo\mgfs v mzxmls\ReAd W AMascot2 M52 select Mgf DIR | select
[¥ MetOx uantitation [ MetOX uantitation
¥ sTY Phos ™ = [~ STY Phos None =
" sTOH " sTOH
rFiles
OMSSA executable IC:\omssafz. 1.4.win32\omssad.exe select | Precursor Tolerance (Da) 0.02
Product Tolerance (Da) 0.8
> Blast formatted DB IC:\BIast\DBs\revﬁumanfUniurutﬁZD 11 4.fasta select |
Minimum charges 2
Report file ID:\DGA\MY documentsLymPHOS_WorkFlow\demo'23_Omssa_MS2.xls  select | Maximum charges
™ Also save results as XML (.omx files)
rEnzyme ——————————————
Enzyme ITrypsin VI Run Omssa
Missed cleavages 1
|sizh.|sbar
g = 3]

—>

[ptosaartice_workflow|Ms2

Pathmafs | [C:\zcalburiparamstphosphopeptides_TMT_Ms2.params

.params File

ID‘\OGA\Art\E|57WDrkF\DW\M53

Path mgfs |c:\><ca\\bur\params\phasphupepndestT,Msa.params

.params File

SequestPath |c: Wealibur

Charges

pathmafs | |

arams\BioworksBrowser \sequest.exe

C+# V2V M+ 45

Temporal Dr  [C:itemp

Qutput file

XCorr Thresheld |2 —_—

[proGaIArtice_Workfiow|28_Seunest_M52MS3.xls

made at Ip.csic@uab.cat

.params File

Emih ~temporal fles——
™ keep dtas
I keep .outs.

Run Sequest

OmssaGui
TSV Result file
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———> Select mgf dir |

MGF files
Dire?tory

KFLOW - DRY LAB

Integrator

SequestGUI- @ /@ X

SequestGUI

Dir containin f files

Clear

D:\Oscar'Mis docy

mentos’ Add

D:\Oscar'Mis d entos! —————
' Clear

D:\Oscar'Mis docur

Fasta Database

D:\Oscar'Mis documentos\Baixadesraw_demo

Select Fasta | IC:\hemp\raw_demo\rev_Human_Swissprot_ZD11_04.fasta

entos'

D:\Oscar'\Mis do ntos! ——
tv Clear

=10l

Add

A

EasyProt "YPLAKS

Complete Software for Proteomics

Easyprot Yol Peaks
Result %P Result

exported  |§ J exported
Excelfile = @ CSVfiles

e

7
=

Other Integrator
supported
search engines

-

ms2 scan —chem tag
 dd " itrag
& hcd @& tmt
pad ' none

Json File (output DB
Select output | des'raw_demo'29_IMAC_PI_0_15_120_20120110_Fris_000001.db

Experimental Conditions

Reference IUUUUU 1

made in @lpcsicuab

>

{JSON}
JSON file (.DB)
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JsonVisor

JY visor 150N 1.1 =0 x|
=
o . . S . . . . .
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I 2000 [ freeze

Sequest

precision ID.l ¥ label

Precursor mfz : 743,250
final_consensus: \n'(?3?’)SMPDVELNLK{?3?)5(23)PK(?3?

modified_sequence =

consensus_deltamz = -0.473441666667
consensus_z = 3

ms =3

tmt_info = 40090.91|414381.59]347280. 13|56572.51
consensus = VSMPDVELMLKSPR

hecorr = 3.5576
deltacn = 0.1179
d = 3.3231

Omssa

TQVSS(23)GECRNNLS(23)DCS(21)RGR

modified_sequence =
| |

Ascaore

palue = 9.90646e-022
expect = 5,43321e-016

o
3
Reassigned : No ;I

peptide = V(737)SMPDVELNLK(737)S(23)PK(737)
peptide_score = 172.948173308

Phenyx

\/(737)SMPDVELNLK(737)S(23)PK(737)

ascore = [156.62718452771901]

modified_sequence =

zscore = 5.72
validity = dbvalid

\(737)SMPDVELNLK(737)5(23)PK(737)

:29 IMAC

29 IMAC_PI_0_15_120_20120110_Fr 16.5008,5003
29 IMAC_PI_0_15_120_20120110_Fr16.5013,5013
29 IMAC_PI_0_15_120_20120110_Fr16.5022,5023
29 IMAC_PI_0_15_120_20120110_Fr16.5027.5028

29 IMAC_PI_0_15_120_20120110_Fr16.5036,5037
29 IMAC PI_0_15_120_20120110_Fri6.5042,5043
29 IMAC_PI_0_15_120_20120110_Fr 16.5055,5056
29 IMAC_PI_0_15_120_20120110_Fr 16.5066,5067
29 IMAC_PI_0_15_120_20120110_Fr 16.5058,5069
29 IMAC_PI_0_15_120_20120110_Fr16.5073.5074 —I
29 IMAC_PI_0_15_120_20120110_Fr 16.5084,5085
29 IMAC_PI_0_15_120_20120110_Fr 16.5089,5090

29_IMAC_PI_0_15_120_20120110_Fr16.5096,5097
29_IMAC_PI_0_15_120_20120110_Fr16.5101.5102

29 TMAC PI 0 15 120 20120110 Fri6.5109.5110

Pl 0 15 170 20 |

—Main Packages Used —

* matplxtlib

v 2D plotting library
with many styles.

v A full object-oriented
interface, and also a
simpler procedural one
(the matplotlib.pyplot
module).

v Support for many GUI
toolkits, with on screen
interactive.
manipulation tools.

* Can be difficult to
manipulate some plot
details.

“— https://matplotlib.org—
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[ Visor JSON 1.1

25000

JsonVisor

=10l

20000 |

AL l,ulJ

y6+f’3

L

[
+
@

2l

-ﬂAi

Y942

b5

200

B Fy1042

u
1000 1200 1400 1600 1800 2000

nlolof+

@l
= |

General Info

I 1270.4

precision ID.l v label

D:\Oscar\Mis documentos'\Baixades\raw_de get

consensus_z = 3
ms =3

|

Precursor mfz : 743,250
final_consensus: \n'(?3?’)SMPDVELNLK{?3?)5(23)PK(?3?
consensus_deltamz = -0.473441666667

Ascaore

tmt_info = 40090.91]414331.59]347230.13|56572.51
consensus = VSMPDVELMLKSPK

modified_sequence =
TQVSS(23)GECRNNLS(23)DCS(21)RGR
hecorr = 3.5576

deltacn = 0.1179

d = 3.3231

29_IMAC_PI_0_15_120_20120110_Fr16.5008. 5009
29_IMAC_PI_0_15_120_20120110_Fr16.5019.5019
29_IMAC_PI_0_15_120_20120110_Fr16.5022.5023
29_IMAC_PI_0_15_120_20120110_Fr16.5027.5028

29_IMAC_PI_0_15_120_20120110_Fr16.5036.5037
29 IMAC_PI_0_15_120_20120110_Fr16.5042.5043

Omssa

Reassigned : No

peptide = V(737)SMPDVELNLK(737)S(23)PK(737)
peptide_score = 172.948173308
ascore = [156.62718452771901]

modiﬁed_sequence = 29_IMAC_PI_0_15_120_20120110_Fr16.5055.5056
29_IMAC_PI_0_15_120_20120110_Fr16.5066.5067

;g?ﬂs:ﬂgl?)g\f;éré:g;zﬂS(ZE)PK(]"E?) 29_IMAC_PI_0_15_120_20120110_Fr16.5068. 5069

expect = 5.43321e-016 29_IMAC_PI_0_15_120_20120110_Fr16.5073.5074 —I
29_IMAC_PI_0_15_120_20120110_Fr16.5084. 5085
29_IMAC_PI_0_15_120_20120110_Fr16.5089. 5090

Ll el I

Phenyx 29_IMAC_PI_0_15_120_20120110_Fr16.5096,5097

modified_sequence =
\V(737)SMPOVELNLK(737)5(23)PK(737)
zscore = 5.72
validity = dbvalid

29 IMAC_PI_0_15_120_20120110_Fr16.5101,5102
20 TMAC PI 0 15 120 20120110 Fri6.5109,5110
39 TMAC P1 0 15 170 20120110 Fri6.5120,5170

Search

3 S K

=

—Main Packages Used —
* matplxtlib

*NumPy #§

v Support for large,
memory efficient,
multi-dimensional
arrays (ndarrys) and
matrices.

v Fast efficient math
functions and
operators for those
arrays (vectorization).

« The type of objects
stored in NumPy
arrays is constrained
and homogeneous.

~— https://www.numpy.org —
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JsonVisor

(1] e Visor JSON 1.1 AvA~AQ
Q ) .
Z
Q - = .
i —Main Packages Used —
E ® b 7 * matpltlib
- o i 2 g 3 2 *NumPy #§
5 s | % = )
w2 C f . 1 Da . .W%ny%#n ﬁj
° Jg\ = BEJ JJT I .li , i JEi y JJIE'L‘
E T ENE L E E | cpy2exe

ﬁ O o |m.ﬁ n m/ [ 1181.9 zoom 200 | - 1600| || freez¢ precisio 0.1 v/ lab

CeneralInfo Sequest |/mnt/Dades/Laboratorio Prl{ get|
consensus_deltamz=-0.172859 « \modified_sequence=N Bl IMAC CvsC Fr25.1221.1221
consensus_z= 2 (214)APAAVDEGSIS(23)PR A S e
ms=3 corr=4.3390 EL_IMAC_CvsC_Fr25.1232.1232
itraqg_info = 255.29|201.07]153.91|188.24 deltacn=0.4239 EL IMAC_CysC_Fr25.1243.1246
consensus = NAPAAVDEGSISPR d=6.7122 EL IMAC CvsC Fr25.1247.1247

Omssa - - -

modified sequence =N EL_IMAC_CvsC_Fr25.1252.1252

(214)APAAVDEGSIS(23)PR EL IMAC_CvsC_Fr25.1257.1257
pvalue=3.32294e-014 ol EL_IMAC_CvsC_Fr25.1276.1279

EXBECHEIS 6241152003 EL_IMAC_CvsC_Fr25.1280.1280
Phenyx
modified sequence
(23)SCQEMNPS(23)

Ascore
peptide = N(214)APARVDEGSIS(23)PR
peptide_score = 212,821439056
ascore = [36.8030578758158]
Reassigned: Mo

Laboratori de Prote
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Generated Data

[5

| » | * Experimental conditions and procedures metadata.

* The spectra data and metadata obtained from the mass spectrometers.
* Qualitative and identification data and metadata from the multiple search engines used
to link the spectra with possible peptides (phosphorylated or not) from human proteins.
son * Semi-quantitative data about the abundance of each possible identified peptide in the
different assayed conditions.

:

Additional complications:

* Missing values in quantitative data.

* Identification scores for multiple search engines.

* Phosphorylation Ascores, and phosphorylation reassignments.
* Alot of relationships and inter-linked data.

What to do with this Data?
* Process and evaluate quantitative data. | Do statistics ﬂ

* Store it in a dynamical and accessible way. =

* Link together qualitative peptide identification data,
processed semi-quantitative data, and proteins and Use a database ﬁ
experimental information.

* Make all the information easily accessible to P
researchers in our lab and worldwide, so they can ——» Make a web application \ ‘y

study it to obtain biomedical knowledge.
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phos-file name

raw file name
scan

Lymphos

Q
-
=)
m
A.
Q
©
=
=)
P’
1]
g
=)
L2
©
wad

;

€ | @ | www.lymphos.org

phosphorylation °
position inside peptide

phosphorylation
position inside protein

x| +
e B ¥+ Qce

-{ Laboratori de Proteomica C= X ¢ PyData Barcelona 2017

LymPHOS :

Start

Experimental Contribute

LymPhos is a peptidic and spectrometric °
information on the phosphoproteome of human T-Lymphocytes.

THE PHOSPHOPROTEOME

Protein phosphorylation-dephosphorylation events play a primordial role in almost all aspects of cell function incll
cycle and apoptosis. Phasphorylation is probably the most frequent reversible posttranslational modification of pry
proteins are phosphorylated in a given condition). However, the number of known in vivo substrates of kinases is [}

‘WHERE LYMPHOS COMES FROM? L]

Lymphos data has been obtained at the CSIC/UAB Proteomics Laboratory of the Superior
Council of Scientifical Research mainly under a Spanish Research Project funded by Research
and Education Ministry (BIO2004-01788) during the period 2004-2008. In this project we
intend to study, using a proteomic approach, the phosphoproteome of resting and
physialogically or pharmacologically activated T and B lymphocytes.

The main objective was the design of a coherent and comprehensive database of
phosphoproteins and phosphorylation sites in  these cells. The characterization of
phosphorylation motifs will help in the search for new, physiologically relevant kinases as well

e

as in the understanding of the mechanisms involved in the regulation of protein function. This

information is the first step towards the design of new therapies based in drugs controlling

either kinase/phosphatase activities or the activity of other proteins in key points of the KEKTPELPEPSVK

affected pathways. EKTKPSELPEPP
TPKESKPEPVK

LYMPHOS DESIGN EEKTPSLPEPSVK

Lymphos is a web-oriented database where phosphorylation sites can be searched for human
lymphocytic proteins. It is possible to search for both proteins and for peptide sequences, or
browse the entire database, where experimental data (commented mass spectra) will support
every phosphorylation site assignment.

An accurate description of the experimental design can be found in Experimental.

Ovelleiro, D. et al. 2009. Proteomics. doi:10.1002/pmic.200800701

Problems

Constrained database scheme: only for
limited qualitative data, and very little
metadata.

A MySQL configuration that does not
ensures referential integrity and limits
scalability.

Too many languages used for the web
application backend.

Outdated language versions, libraries
and technologies.

Outdated web design.

Poor maintainability and scalability,
of both the code and the data.

ELPKEEPSKTPVK
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B Lym "HOSZ - PQUANTIFIER

. PQuantifier

« Gets minimal amount of data from identified Quantitative data
peptides of quantitative experiments, and
their related experimental conditions -GQLAIchemg
(experiments and supra-experiments).

— Main Packages Used —;

v 2 levels of abstraction: a

{JSON} “low level” SQL toolkit

Integrator WS QL . (the Core) and a high
Output = level Object Relational
Mapper (ORM).

v Mature, fast and

efficient, specially when
Lx_J — o | using the Core. a
{IJSON} v Highly flexible,

Y configurable, modular,
Expenm_ental and extensible.
Conditions

v Powerful query system.
~ Sometimes too
expressive and complex.

(G

https://www.sqlalchemy.org
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https://www.sqlalchemy.org/

) Lym HOSZ - PQUANTIFIER

~ 2 PQuantifier

* Gets minimal amount of data from identified ——Main Packages Used —
peptides of quantitative experiments, and
their related experimental conditions *SQLAlchemy
(experiments and supra-experiments). « NumPy ’

* Assigns missing values to minimum preset IR
values, or low values calculated from each *une A
experiment’s corresponding data. v ;’mw.des datlfll tysles and

* For each identified spectrum, averages - . unctions to handle
quantitative intensities of duplicated Iog Intensity at time X ‘(’alUf?; E‘gﬂl L(l)n1c56)r tainties
reporter ions, and calculates the ratios for 2 2 ; ex.. /.23 x U.1o).
the different time points relative to the Intensity at time 0 _ ” Transparently allows
control. en;or propagation in

vaiues.

https://pythonhosted.org/
uncertainties

o
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PQuantifier

* Gets minimal amount of data from identified
peptides of quantitative experiments, and
their related experimental conditions
(experiments and supra-experiments).

* Assigns missing values to minimum preset
values, or low values calculated from each
experiment’s corresponding data.

* For each identified spectrum, averages

i Lym~H0S2 — PQUANTIFIER

A

—Main Packages Used —
*SQLAlchemy

*NumPy #§

* SciPy g

quantitative intensities of duplicated
reporter ions, and calculates the ratios for
the different time points relative to the
control.

* For each experiment, normalizes these
ratios relative to the distribution of non-
phosphorylated peptides.

v Calculations package
for mathematics,
science, and

= engineering. =

v Includes modules for
statistics, optimization,
integration, linear
algebra, Fourier
transforms, ......

v A great amount of
numerical functions.

v Efficient, based on
NumPy.

—— https://scipy.org —


https://scipy.org/

| Lym~H0SZ, - PQUANTIFIER

%PQuantiﬁer

* Gets minimal amount of data f_rom identified ——Main Packages Used —
peptides of quantitative experiments, and
their related experimental conditions -GQLAIchemg

(experiments and supra-experiments). « NumPy ’
* Assigns missing values to minimum preset -
values, or low values calculated from each * SUERINR
experiment’s corresponding data. * SciPy g
* For each identified spectrum, averages .
* matplxtlib

quantitative intensities of duplicated
reporter ions, and calculates the ratios for / /Q\ | 0 *json

ca

om

the different time points relative to the

control. PNG {JSON}
* For each experiment, normalizes these PQuantifier PQuantifier

ratios relative to the distribution of non- Plots Output

phosphorylated peptides.

* Calculates the peptide average ratios along
the activation experiments of the same
supra-experiment (data aggregation).

* Applies a Student’s t-test to determine
which peptides show significant changes in
in relative quantity according to average
ratios.
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NEW DATABASE DESIGN

—Information in Tables -

* Red and Orange:
Experimental data
obtained by mass
spectrometry and
resulting from
proteomics search
engines.

* Green: Protein data
associated with the
experimental data.

* Yellpy: Quantitative
processed data related
to the experimental
data, obtained after
statistical analysis.

* Blue: Experimental
conditions data
(experiments,
experimental groups
and experimental
procedures).

Experimental Design

id INT
“ name MEDIUMTEXT
“» description MEDIUMTEXT

PRIMARY ‘

B o

1] lymphos_experiments_miapes ¥

“» experiments_id INT
id INT
“» miapes_id VARCHAR(3)

PRIMARY
experiments_id_fk3_idx

miapes_id_fk1_idx

Quantitative Analysis Data

] lymphos_quantpepexpcond ¥
id INT

% unique_pep VARCHAR(80)

“» expgroup_id INT

“» dballquanttimes MEDIUMTEXT

~+ dbavgratios MEDIUMTEXT

2 dbstdv MEDIUMTEXT

% dbavgregulation VARCHAR(200)

 dbttestpassed95 VARCHAR(100)

 dbttestpassed99 VARCHAR(100)

 dbsdgreatersdmeanx3 VARCHAR(1....

 dbdanteravgratios LONGTEXT

% dbdanterpvalues LONGTEXT

= dbdanteradjpvalues LONGTEXT

PRIMARY

expgroup_id_fk2_idx

quantpepexpcond_uniquepep

N

Mysas

(«

= & quantpepexpcond_id INT

o= & expgroup_id INT
1‘— id INT
|| © dbsub_exps VARCHAR(50)
: » name VARCHAR(100)
:  dbmiape_ids VARCHAR(50)
|| & description VARCHAR(180)
: » instrument VARCHAR(150)
2 | label VARCHAR(10)
% quant_cond MEDIUMTEXT

PRIMARY
miape_ids_fk1
exp_group_id_fk1

1
—
'.
|
|
|

|
|

4 | _l lymphos_miapes v
id VARCHAR(3)
& xml LONGTEXT

| PRIMARY

| lymphos_dataquant ¥ |
% data_id INT [l

id INT
-~ dbquanttimes VARCHAR(100)
% dbratios VARCHAR(100)
 dbstdv VARCHAR(100)
% dbregulation VARCHAR(100)

PRIMARY

data_id_fk3_idx
quantpepexpcond_id_fk1_idx
data_id_UNIQUE

] lymphos_nophospho_stats ¥
quanttime SMALLINT

& mu FLOAT

© sigma FLOAT

& n_spectra INT

PRIMARY

/
/
/

|
|
|
|
|
|
|
| o

Main Experimental Data

| lymphos_spectra
id INT

> ms_n TINYINT

2 mass MEDIUMTEXT

2 intensity MEDIUMTEXT

“»data_id INT

PRIMARY
data_id_fk1_idx

| % experiment_id INT
—~

id INT
Fl

2 phospho TINYINT(1)
“» pep_orig VARCHAR(200)
2 peptide VARCHAR(80)

-+ dbpsites VARCHAR(20)
-+ dbascores VARCHAR(85)
% pep_score FLOAT
 raw_file VARCHAR(200)
“out file VARCHAR(100)
% scan_i INT

% scan_f INT

“n_prots SMALLINT
Zms_n TINYINT

FrtINT

-+ mass FLOAT

- deltamass FLOAT

@ spot_id INT

 ions VARCHAR(10)

> charge TINYINT

2 xcorr FLOAT

“deltacn FLOAT

“d FLOAT

> omssa FLOAT

2 phenyx FLOAT

2 peaks FLOAT

2 easyprot FLOAT

»qdata MEDIUMTEXT

PRIMARY
experiment_id_fk1_idx

spot_id_fk1_idx

phospho_indx

r--—g--—---1-

N . | 8

j lymphos_peptidecache ¥
peptide VARCHAR(80)

% phospho TINYINT(1)

© dbpsites VARCHAR(20)

% dbascores VARCHAR(85)

“n_prots SMALLINT

=+ dbproteins MEDIUMTEXT

- quantitative TINYINT(1)

 n_scans SMALLINT

% gel TINYINT(1)

PRIMARY
phospho_indx_3

rotein Associated Data

Tl lymphos_data_proteins ¥
“# data_id INT

id INT
“ proteins_id VARCHAR(25)

PRIMARY
data_id_protein_id
data_id_fk2_idx

proteins_id_fk1_idx

"] lymphos_proteins v
ac VARCHAR(25)

 phospho TINYINT(1)

is_decoy TINYINT(1)

% up_id VARCHAR(25)

2 up_ver INT

% name VARCHAR(300)

& chr VARCHAR(5)

% function MEDIUMTEXT

= location VARCHAR(300)

 seq MEDIUMTEXT

 up_psites MEDIUMTEXT

= score_lcms FLOAT

PRIMARY
phospho_indx_2

—— MysaoL

But changing the storage
engine for tables:

MyISAM - InnoDB

* Referential Integrity
(Foreign Key
constraints).

* Transactions (commit and
rollback).

* Row-level locking
instead of table-level
locking (higher
concurrency).

* More resistant to table
corruption.

* Maximum performance
when processing high
volume of data
(scalable).
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&m%ﬂ@é‘% ON AND THE DATABASE

django

v Web framework for perfectionists with
deadlines (fast development).

v Full featured (batteries included).

v Extensible and scalable.

v Model-Template-View architecture:
clean separation between the Python
Model of the database, the Python
View code that describes which data is
presented, and django Template tags
embedded in HTML + CSS, images, ...
that defines how the data is presented
to the final client/user.

 https://www.djangoproject.com

RESPONSE
Middleware

[

TEMPLATE

exanple.timl

EXCEPTION

CLIENT

Browser

—

(Nglnx / Apache)

WsGaGl
wsol.
J
(Gunlcorn / WASS])

REQUEST
Middleware

d jango URL RESOLUTIC

IAH,S.‘PE

VIEW

Middleware

MANAGERS

T
DATABASE ﬁ

— " WEBSERVER- - — — — -~ — — — -

—[Emodels.py

>

django.db.models.Model

Spectra

Proteins

AbstractData

Data

PeptideCache

DataQuant

Experiments



https://www.djangoproject.com/

AND THE DATABASE

Eimodels.py

django # Django import:
from django.db import models

ca

Main Experimental Data

£ I lymphos_spectra v
'g ¢ :;N:mem # Models definitions:
- o MEDIUMTEXT class Spectra(models .I‘flo@el): .
o ms n = models.PositiveSmallIntegerField(default=2)
I - intensity MEDIUMTEXT - mass = models.TextField(default="'")
[« @ data_id INT - intensity = models.TextField(default="'")
Q v : data = models.ForeignKey(Data)
v \‘ PRIMARY :
- \| data__ik1_ax | : :9%@%{#3&;:2&;35@&5;:gﬁﬁfgﬁm'z;gzar“‘ N Spectrum
o
< A -
s | “ experiment_id INT I 9"“*5
0 " id INT - g wi oo s
(] > phospho TINYINT(1) f : i
- | <> pep_orig VARCHAR(200) :’:;: 1 T
<+ peptide VARCHAR(80) zow
<> dbpsites VARCHAR(20) i ST | R o
 dbascores VARCHAR(85) L T ”\j:nl i \m oAbl A Lo 222
miz (mass/charge)

;
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django

Main Experimental Data

Cid INT
“ms_n TINYINT
~* mass MEDIUMTEXT
“# intensity MEDIUMTEXT
“r data_id INT

PRIMARY

data_id_fk1_idx

CEEEE

“ experiment_id INT

1

Cid INT
<+ phospho TINYINT(1)
-+ pep_orig VARCHAR(200)
<+ peptide VARCHAR(80)
» dbpsites VARCHAR(20)
~» dbascores VARCHAR(85)

[FIimodels.py

# Django import:
from django.db import models

# Models definitions:
class Spectra(models.Model):
ms n = models.PositiveSmallIntegerField(default=2)
mass = models.TextField(default="'")
intensity = models.TextField(default="'")
data = models.ForeignKey(Data)

- Examples
# Create a new Spectra object: P

spectrum = Spectra(ms n=2, mass='200.723|605.051]|...",
intensity='23.456|1929.385|...")

# Associate it with an existing Data object:

spectrum.data = existing data obj

# Save it to database:

spectrum.save()

# Query the database for a spectrum:
spectrum201 = Spectra.objects.get(id=201)

# Get all spectra matching a condition:
ms2 spectra = Spectra.objects.filter(ms n=2)




DATA IMPORT

Experimental Design Main Experimental Data @ f It
| COE] ) vroves oveimenis 1 tmphos. pepdecache ¥ by
e id INT —~‘1n— @ expgroup_id INT ; ' id INT ! peptide VARCHAR(80)
|| name MEDIUMTEXT T CidINT — < ms_n TINYINT <» phospho TINYINT(1)
| .
| “» description MEDIUMTEXT : “» dbsub_exps VARCHAR(50) || “» mass MEDIUMTEXT “» dbpsites VARCHAR(20)
: v | “» name VARCHAR(100) \‘ “» intensity MEDIUMTEXT “» dbascores VARCHAR(85)
o
ﬂ | |PRIMARY : > dbmiape_ids VARCHAR(50) | @ data_id INT = | ¥ n_prots SMALLINT
£ : || & description VARCHAR(180) ll v : > dbproteins MEDIUMTEXT
- N |
o : T lymphos_experiments_miapes ¥ | | | instrument VARCHAR(150) || PRIMARY | | < quantitative TINYINT(1)
[l - & | | @ experiments_id INT = | % label VARCHAR(10) \ | gata id fki_idx : “»n_scans SMALLINT
: s id INT > quant_cond MEDIUMTEXT \l : <> gel TINYINT(1)
: & miapes_id VARCHAR(3) v ll | v
= |
0 ! PRIVARY i RN
| PRIMARY miape_ids_fk1 < experiment_id INT 1I phospho_indx_3
0 | |experiments_id_fk3_idx exp_group_id_fk1 ’T Cid INT —; <
'H : miapes_id_fk1_idx ,’ < phospho TINYINT(1) |
1 ] lymphos_miapes v I | < pep_orig VARCHAR(200) |
I L | I
{JSON} | L~ id VARCHAR(3) Il “» peptide VARCHAR(80) |
! & xml LONGTEXT / i !
<> dbpsites VARCHAR(20,
[ | | psites (20) IProtein Associated Data {J SO N}
m E - I : v // < dbascores VARCHAR(85) :
Xperl menta | PRIMARY | “» pep_score FLOAT | Tl lymphos_data_proteins ¥
Cond itiOI‘IS : : / % raw_file VARGHAR(200) Leo| @ data_id INT Integ I‘atOI‘
0 | // < out_file VARCHAR(100) o | FdINT O ut u
. " p
v | 'Quantitative Analysis Data / < scan_i INT = @ proteins_id VARCHAR(25)
T . ! <> scan_f INT l
| / | v
] lymphos_quantpepexpcond ¥ | lymphos_dataquant ¥ / |
T | 1 <> n_prots SMALLINT PRIMARY
| | vidINT = | %data_id INT — |
- | [ 1 “ms_n TINYINT | | data_id_protein_id
| | % unique_pep VARCHAR(80) I | vidINT |
H | rtINT | | data_id_fk2_idx
= & expgroup_id INT | “» dbquanttimes VARCHAR(100) |
L “» mass FLOAT proteins_id_fk1_idx
“ > dballquanttimes MEDIUMTEXT I | = dbratios VARCHAR(100) (N
| < deltamass FLOAT | -
“ <> dbavgratios MEDIUMTEXT : > dbstdv VARCHAR(100) @ spotid INT : ] lymphos_proteins v
“» dbstdv MEDIUMTEXT ! “» dbregulation VARCHAR(100)  ions VARCHAR(10) T ' ac VARCHAR(25)
h < dbavgregulation VARCHAR(200) ™= ¥ quantpepexpcond_id INT < charge TINYINT % phospho TINYINT(1)
o > dbttestpassed95 VARCHAR(100) v - xcor FLOAT “is_decoy TINYINT(1)
a “ dbttestpassed99 VARCHAR(100) PRIMARY @ deltacn FLOAT > up_id VARCHAR(25)
“» dbsdgreatersdmeanx3 VARCHAR(1... data_id_fk3_idx & d FLOAT < up_ver INT
“ “» dbdanteravgratios LONGTEXT quantpepexpcond_id_fk1_idx © omssa FLOAT <> name VARCHAR(300) - -..
I data_id_UNIQUE q
> dbdanterpvalues LONGTEXT S : - phonyx FLOAT  chr VARCHAR(S) UniProt S
> dbdanteradjpvalues LONGTEXT @ peaks FLOAT  function MEDIUMTEXT oo
e < :
r v ] lymphos_nophospho_stats ¥ > easyprot FLOAT @ location VARCHAR(300) F a St a
H PRIMARY
S PQuantlfler * quanttime SMALLINT < qdata MEDIUMTEXT @ seq MEDIUMTEXT
PQuantifier ¥ | uepates weoTEXT +
uantpepexpcond_uniquepe
O Utp Ut i pepexpeonc_uniqueper || & sigma FLOAT PRIMARY < score_lems FLOAT
. “n_spectra INT experiment_id_fk1_idx v <X M L >
v spot_id_fk1_idx PRIMARY \—/
PRIMARY phospho_indx phospho_indx_2




LymzHOS2 ENT DATABASE STATUS

After all data importation, the LymPHOS2 database nowadays

(2017) contains:

* 131.908 mass spectra.

* 15.566 phosphorylation sites.

* 8.273 unique phospho-peptides.

* 4.937 proteins.

* Aside from the new quantitative data for 1.975 of the identified
phospho-peptides.




I Lym~H0SZ - NEW WEB APPLICATION

Laboratori de Proteémica CS ¥ ¢ PyData Barcelona 2017 x +

€& (@ | www.lymphos.org  wBa ¥ Cerca -  100% +

Welcome To Sidebar
LymPHOS is a web-oriented DataBase containing peptide and protein sequences and Quick Search LymPHOS
spectrometric information on the PhosphoProteome of human T-Lymphocytes. } J |
It is possible to Search phosphorylation sites for both proteins and peptide sequences, ) Search LymPHOS DB
or browse the entire database, where experimental data (annotated mass spectra) will [ P t‘ N dL
ol ews an 0gs
support every phosphorylation site assignment. ——. S
ELPKEEPSKTPVK [ 2015/11/18 Updated
An accurate description of the experimental design can be found in the Experimental KEKTPELPEPSVK | riesinm_susesn quantitative data in
section. EKTKPSELPEPP PIBATIINZ_HUMAN LymPHOS2 DataBase.
TPKESKPEPVK PSS —

More detailed information on LymPHOS background and the people at the CSIC/UAB EEKTPSLPEPSVK per— [» 2015/08/05 LymPHOS
Proteomics Laboratory can be obtained at the About section. DataBase update

(experiment 36 and
For specific descriptions of the LymPHOS features have a look at the documentation in w quantitative data).

the Help section. [» 2015/07/24 Updated

quantitative data in
LymPHOS2 DataBase.

(5 2014/08/01 Updated to
LymPHOS2 code-base
and DataBase.

[» 2014/04/25 Updated to
integrate protein
chromosome information.

) Quantitative Statistical
Data available.

A diango PROJECT
LymPHOS Web Application is designed using the and the Programming Language.

LymPHOS DataBase and Web-App by are licensed under a
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Lym>H0S2 WEB APPLICATION

_ |
django LT ]

_________ WEB SERVER- - — — — - — — — -

v Web framework for perfectionists with (Nginx / Apache)

deadlines (fast development).
v Full featured (batteries included). WSGI
v Extensible and scalable. ol
v Model-Template-View architecture:

IcCa

clean separation between the Python RESPONSE REQUEST

Model of the database, the Python o Midalevare

View code that describes which data is f / .

presented, and django Template tags TEMPLATE | | django

embedded in HTML + CSS, images, ... exauplentid |

that defines how the data is presented o

to the final client/user. Ew
Middleware

“—— https://www.djangoproject.com — TEMPLATE

VIEW
views.py

T

mcdsl.s.pg
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T
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Lym>H0S2 WEB APPLICATION

django

deadlines (fast development).
v Full featured (batteries included).
v Extensible and scalable.

Model of the database, the Python

to the final client/user.

 https://www.djangoproject.com

v Web framework for perfectionists with

v Model-Template-View architecture:
clean separation between the Python

View code that describes which data is
presented, and django Template tags
embedded in HTML + CSS, images, ...
that defines how the data is presented

_

Flurls.py

# Django import:

from django.conf.urls import patterns
# Import the LymPHOS2 views:

import views

# Define URL patterns -> view callables:
urlpatterns = patterns('"',
# Home Page (/):
(r'~s',
views.FormsHtmlPage.as_view(template_name='home_section.html'),
{'extra context': {'section title': 'Home Page',
'sidebar': {'template': 'side bar.html'},
‘class home': r'current'}}
),
# Main Search Page (/search/):
(r'~search/$"',
views.FormsHtmlPage.as_view(template_name='search_section.html'),
{'extra context': {'section title': 'Search LymPHOS DataBase',
'css sheet': 'default nosidebar.css',
‘class search': r'current'}}
),
# Peptide Search Results Page (/peptide search results/):
(r'~peptide_search_results/$',
views.PeptideResultPage.as_view()),
# Peptide Quantitative Details Page (/quant view/LSLtDPLVAER-4):
(r'~quant_view/(\w*)\-(\d*)$",
views.QuantViewPage.as_view()),
# Spectrum Image (//spectrum image/23097.png):
(r'~spectrum_image/(.*\.png)$',
views.Spectra2File.as_view(file type='PNG')),
)



https://www.djangoproject.com/

ica

il
i O
]

Lym>H0S2 WEB APPLICATION

django

v Web framework for perfectionists with
deadlines (fast development).

v Full featured (batteries included).

v Extensible and scalable.

v Model-Template-View architecture:
clean separation between the Python
Model of the database, the Python
View code that describes which data is
presented, and django Template tags
embedded in HTML + CSS, images, ...
that defines how the data is presented
to the final client/user.

Laboratori de Prot_ezém

 https://www.djangoproject.com

CLIENT | |

)

Browser o

————————— WEBSERVER- - — — — - — — — -
(Mol prachs)

WsGaGl
wsol.
J
(Gunlcorn / WASS])

RESPONSE REQUEST
Middleware Middleware

4
]
|
TEMPLATE | | dj ang URL RESOLUTION
Examﬁﬁ.htmt "‘ IAH,S.‘PE
EXCEPTION
. VIEW

Middleware

TEMPLATE
Middleware

MODEL

mcdsl.s.pg

Ty

MANAGERS

T
DATABASE ﬁ
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&m%ﬂ@@& EW WEB APPLICATION

v Web framework for perfectionists with
deadlines (fast development).

v Full featured (batteries included).

v Extensible and scalable.

v Model-Template-View architecture:
clean separation between the Python
Model of the database, the Python
View code that describes which data is
presented, and django Template tags
embedded in HTML + CSS, images, ...
that defines how the data is presented
to the final client/user.

 https://www.djangoproject.com

~—[Bbasic_classes.py

django.views.generic.base.TempIateView
BasicHtmIPage

[ FormsHtmlPage
SearchResultPage

django.views.generic.base.View
DinamicFile

A

_ |[Pviews.py |

—— Blsuport_classes.py

AccesControl

UploadPage

DownloadPage

%@ ms_classes.py%

PeptideSpectra2MGH

PeptideResultPage

ProteinResultPage

-

QuickResultPage

PeptideViewPage

ProteiViewPage

QuantSummaryPage

QuantViewPage

Spectra2File
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Lym>H0S2 WEB APPLICATION

_ |
django LT ]

_________ WEB SERVER- - — — — - — — — -

v Web framework for perfectionists with (Mo / Apache)

deadlines (fast development).
v Full featured (batteries included). WSGI
v Extensible and scalable. ol
v Model-Template-View architecture:
clean separation between the Python RESPONSE REQUEST
Model of the database, the Python o Midalevare
View code that describes which data is
presented, and django Template tags

IcCa

4
!

d jango URL RESOLUTION

Laboratori de Proteom

I
. . | Urls.
embedded in HTML + CSS, images, ... L cEpTION s py
that defines how the data is presented S
to the final client/user. * VIEW
Middleware
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views.py
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WEB APPLICATION

django

v Web framework for perfectionists with
deadlines (fast development).

v Full featured (batteries included).

v Extensible and scalable.

v Model-Template-View architecture:
clean separation between the Python
Model of the database, the Python
View code that describes which data is
presented, and django Template tags
embedded in HTML + CSS, images, ...
that defines how the data is presented
to the final client/user.

 https://www.djangoproject.com

\@peptide_result.html

{% for pep in peptides.object_list %}
<tr align="center">
<td width="24%">
<a href="/peptide view/{{pep.peptide}}">
<span class="sec">{{pep.htmlpeptide|safe}}</span>
</a>
</td>
<td width="4%">{{pep.n_scans}}</td>
<td width="4%">
{% if pep.quantitative %}
<a href="/quant _summary/{{pep.peptide}}">
<img alt="quantitative yes" src="/files/images/yes.png"

title="Click here for this peptide Statistical Quantitative Data Summary...

<span title="No statistical quantitative data">-</span>
{% endif %}
</td>
<td width="4%">{{pep.n_prots}}</td>
<td width="62%">
{% for protroot, isofnums in pep.grpprots.items %}
% if not protroot.2 %}
<a href="/protein view/{{protroot.0}}"
title="{{protroot.1}}">
{{protroot.0}}
</a>
% else %}
<a href="/protein view/{{protroot.0}}-{{protroot.2}}"
title="{{protroot.1}} - Isoform {{protroot.2}}">
{{protroot.0}}-{{protroot.2}}
</a>
% endif %}
% if isofnums|length > 0 %}
<nobr>

<small>
{% for isofnum in isofnums %}
<a href="/protein_view/{{protroot.0}}-{{isofnum}}"
title="{{protroot.1}} - Isoform {{isofnum}}">
{{isofnum}}
</a>
{% if not forloop.last %},{% else %}</small>){% endif %}
{% endfor %}
</nobr>
{% endif %}
% if not forloop.last %};{% endif %}
{% endfor %}
</td>
</tr>
% endfor %}
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Search

Phospho-peptide Sequence Search: All Phospho-peptide Set from LymPHOS:
[ () search Phospho-peptides .

Browse All Phospho-peptides

You can search into the database on a phospho-peptide driven way: write a sequence in the | text field | up here, and then press the |I:LI Search Phospho-peptides | button. You must
use the aminoacid 7-letter symbols, and the maximum allowed chain is 25 characters long. You can also use the

wildcard for 'one or more' unknown aminoacids, and/or the "'
wildcard for "only one’ unknown aminoacid. The non-phosphorylated aminoacid symbaols must be entered using upper case lefters. You must only use lower case letters when you want
to specify a phosphorylated residue: y, s, t (for phosphorylated forms of Tyrosine, Serine and Threonine).

“ou can also browse the whole peptide set, without entering any sequence, by pressing the |' ‘. Browse All Phos pho-pe ptides | button.

Search

Text Protein Search: All Phosphorylated Protein Set from LymPHOS:
| (4 search Phosphorylated Proteins *

Browse All Phosphorylated Proteins

You can search into the database for a phosphorylated protein or sub-set of phosphorylated proteins. Write your search text in the | text field | up this sub-section, and then press the |5

Search phosphorylated Proteins | button. For the text-search you can use the UniProtTrEMBL Accession Numbers (ex.: "P16070% '‘Q709C8"), the UniProtTrEMBL ID (ex.:
"MEFV_HUMAN'; 'KPCB_HUMAN') or some part of the UniProtTrEMEL Description Line (ex.: "Protein kinase C beta type’”; 'Cyclin-K'; 'Retinoblastoma-associated protein’). The maximum
allowed lext size is 35 characters long. You can also use the ™"

wildcard for 'one or more’ unknown letters, and/or the "?" wildcard for 'only one’ unknown letter. Some useful examples are:
"P16770", "P16*, " *kinase*". Remember that all phosphorylated proteins are from human origin.

You can also browse the whole protein set, without entering any text, simply pressing the | Q Browse All phosphorylated Proteins | button
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Search Results : Peptide View

) — .
Peptide AAARLSLEDPLVAER A& @ Download all spectra in MGF format]

Proteins containing this peptide: P12224
P13224-.

< 2

Spectra 11 - 15 of 62 spectra found for this peptide: << previous | Page 3 of 13 next >>|

Spectrum ID: 26296
Original Peptide: AAARLSLT(23)DPLVAER
Peptide: asarLSUEDPLVAER

Mass{amu) Charge DeltaMass(amu) MSn Scan Rt (s) | Instrument
1564.90 3 -0.11 MS3 4323 - 4323 0.00 | LTQ XL - Orbitrap
Sequest XCorr | D-value OMSSA Score Phenyx Score Protein Count Raw file
3.10 4.29 1.06734e-08 0.00 2 32_IMAC_CC_20121210_extract121219_Fr03.raw
MS Experiment I Q-Ascore 1
Qualitative analysis (Resting T-cells) (Exp. ID: 32) | 34.30
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Download spectrum 26296 in MGF Format
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Results : Quantitative Summary

Peptide AAARLSLEDPLVAER
p-sites: 1
Condition: Activation PMA-ionomicine. 15min and 2h. TMT labeling. (Cond. ID: 4)

Number of experiments: 2
Number of spectra: 3

State:

eattsmn: T (@0 go 13
eati2omn: T (@0 go 13

min. 15 120
@ log,(ratio) poyantfier: 1.24 £0.17 ** 0.58+0.10 "

138 % 0.48

DanteR:

&i& Detailed Quantitative data

* Significant change according to a t-student test with a 99% significance; for PQuantifier results.

* Significant change according to a t-student test with a 95% significance; for PQuantifier results.

+
Significant change according to an ANOVA test with an adjusted p-value lower than 0.05; for DanteR results.
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Data analysis, biqinformatics and informatics:
Joaquin Abian and Oscar Gallardo.

Mass Spectrometry, experimental design and
implementation: Montserrat Carrascal, Nguyen Tien
Dung and Oriol Vidal-Cortes.

Sample preparation: Montserrat Carrascal, Nguyen
Tien Dung, Oriol Vidal-Cortés and Vanessa Casas.

Past collaborators: David Ovelleiro and Marina Gay.
Direction: Joaquin Abian.

Joaquin Abidn Oscar Gallardo " ‘Mtserrat Nguyén_Tféh
Carrascal Dung

Oriol
Vidal-Cortés

Albert Casanovas Ester Sdnchez Roberto Pinto

Nguyen, TD., Vidal-Cortes, O., Gallardo, O., Abian, J., Carrascal, M., LymPHOS 2.0: an update of a phosphosite database of primary human T cells. Database 2015
doi: 10.1093/database/bav115
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LymPHOS2

Organizing and Sharing Biological Data of the
Human Lymphocyte Proteome using Python

Thank you for

Any questions?

your attention.

O hitps://bitbucket.org/Ip-csic-uab/

Y

¥y [Data Barcelona, 19-21th April 2017
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