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What protein sequences do What protein sequences do 
we use to maintain we use to maintain 

references to external references to external 
database resources?database resources?



What set of proteins should be used?

Proteomics initially was forced to use “phenomenological”
lists of proteins.

For example: NCBI’s non-redundant sequence collection
non-redundant = exactly the same sequence was not

repeated 

This type of list was necessary, because there were no 
sequenced genomes in existence for model organisms 
and the protein sequences that did exist contained 
significant errors.

P = {Pj}  - a set of protein sequences



Enter the genome

Proteomics can now use translated gene models for most 
major experimental species.

1. ENSEMBL & TIGR collections (genomic); 
2. UNIGENE (EST contigs, transcriptomic);
3. Boutique organism-based sites (SGD, FlyBase) 

These sequence collections are non-redundant in the 
biological sense, but they do pose some problems.

Phenomenological sequence collections attempt to find 
every possible gene product sequence. Gene model 
predictions must be manipulated to find all possible 
gene products.



P = {Tj ⊗ Rj ⊗ Dj ⊗ gi}  - derived from genes (gi)

Dj – DNA operations (deletion, insertion, mutation)

Rj – RNA operations (splicing)

Tj – protein operations (cleavage, PTM)

Operations that lead to proteins



What information do we What information do we 
store in a data archive and store in a data archive and 

how should it be how should it be 
referenced?referenced?



PM_translation
protein_id: INTEGER
dna_id: NUMBER

frame: NUMBER

PM_Dna_sequence
dna_id: NUMBER
n_order: NUMBER

dna_sequence: VARCHAR2(255)

PM_DNA
dna_id: NUMBER

name: VARCHAR2(80)

PM_Protein_globalxlink
protein_id: INTEGER
name: VARCHAR2(20)

chemistry: VARCHAR2(80)
chemistrypartial1: VARCHAR2(80)
chemistrypartial2: VARCHAR2(80)
specificity1: VARCHAR2(80)
specificity2: VARCHAR2(80)

PM_Protein_localmod
protein_id: INTEGER
mod_id: INTEGER

mchain: INTEGER
mposition: INTEGER
modmin: NUMBER
modmax: NUMBER

PM_Protein_description
protein_id: INTEGER
n_order: INTEGER

description: VARCHAR2(255)

PM_Protein_localxlinks
protein_id: INTEGER
lchain1: INTEGER
lposition1: INTEGER

lchain2: NUMBER
lposition2: NUMBER
name: VARCHAR2(20)
chemistry: VARCHAR2(80)

PM_Protein_chains
protein_id: INTEGER
chain_id: INTEGER

PM_Protein
protein_id: INTEGER

name: VARCHAR2(80)

PM_Modification
mod_id: INTEGER

chemistry: VARCHAR2(80)
name: VARCHAR2(80)

PM_Chain_sequence
chain_id: INTEGER
n_order: INTEGER

aa_sequence: VARCHAR2(255)

PM_Chain
chain_id: INTEGER

name: VARCHAR2(255)
chain_start: NUMBER
chain_end: NUMBER

PM_Protein_globalmod
protein_id: INTEGER
mod_id: INTEGER

modmin: INTEGER
modmax: INTEGER
specifictiy: VARCHAR2(20)

PM_DB_search_method
search_method_id: INTEGER

searchtype_id: NUMBER
kingdom: VARCHAR2(80)
maxmass: FLOAT
minmass: FLOAT
maxpi: FLOAT
minpi: FLOAT
maxproteins: INTEGER
mixture: INTEGER
minhits: INTEGER
priority: INTEGER
massrange: FLOAT
title: VARCHAR2(80)
is_inactive: CHAR(1)
protonated: NUMBER

PM_Database
db_id: INTEGER

name: VARCHAR2(80)
location: VARCHAR2(255)
filename: VARCHAR2(80)
dbtype: NUMBER
type: NUMBER

PM_DB_search_method_db
db_id: INTEGER
search_method_id: INTEGER

PM_DB_search_type
searchtype_id: NUMBER

name: VARCHAR2(20)
url: VARCHAR2(255)

PM_Comparison_method_mod
mod_id: NUMBER
comp_method_id: INTEGER

PM_Enzyme
enzyme_id: INTEGER

name: VARCHAR2(80)
specificity: VARCHAR2(20)
proline: INTEGER
CN: CHAR(1)
modification: VARCHAR2(80)

PM_Masslist_mass
masslist_id: INTEGER
mass: FLOAT

masstype: CHAR(1)

PM_Masslist
masslist_id: INTEGER

title: VARCHAR2(80)
is_inactive: CHAR(1)

PM_Ion_type
ion_type_id: INTEGER

name: VARCHAR2(20)
modification: VARCHAR2(80)

PM_Comparison_modification
mod_id: NUMBER

specificity: VARCHAR2(20)
modmax: INTEGER
modmin: INTEGER
name: VARCHAR2(80)
chemistry: VARCHAR2(80)

PM_Comparison_method_ion_types
comp_method_id: INTEGER
ion_type_id: INTEGER

PM_Comparison_method
comp_method_id: INTEGER

title: VARCHAR2(80)
remove_masslist_id: INTEGER
is_inactive: CHAR(1)
remove_deltamasslist_id: INTEGER

PM_Comparison_method_enzyme
enzyme_id: INTEGER
comp_method_id: INTEGER

incomplete: NUMBER

PM_Masslist_mass
masslist_id: INTEGER
mass: FLOAT

masstype: CHAR(1)

PM_Masslist
masslist_id: INTEGER

title: VARCHAR2(80)
is_inactive: CHAR(1)

PM_Analysis_method
analysis_method_id: INTEGER

calibration_id: NUMBER
extractiontype_id: NUMBER
ms_extraction_id: NUMBER
title: VARCHAR2(80)
maxtime: FLOAT
mintime: FLOAT
frag_charge_lt_parent: CHAR(1)
is_inactive: CHAR(1)
msms_extraction_id: NUMBER

PM_Analysis_method_filter
analysis_method_id: INTEGER
n_order: INTEGER

filtertype_id: NUMBER
width: INTEGER
strength: INTEGER

PM_Anal_meth_ms_extraction
extraction_id: NUMBER

minmass: FLOAT
maxmass: FLOAT
maxnumber: NUMBER
minintensity: FLOAT
numpeakslevel: NUMBER
masserror: FLOAT
errortype: VARCHAR2(20)
averagemasserror: FLOAT
snratio: FLOAT
fwhm: FLOAT

PM_Extraction_type
extractiontype_id: NUMBER

name: VARCHAR2(20)
url: VARCHAR2(255)

PM_Filter_type
filtertype_id: NUMBER

name: VARCHAR2(20)

PM_Calibration
calibration_id: NUMBER

masslist_id: INTEGER
snratio: FLOAT
error: FLOAT
errortype: VARCHAR2(20)

PM_Comparison_scheduled
comp_id: NUMBER

mass_spec_id: NUMBER
status: CHAR(1)
checkedout: NUMBER
search_method_id: NUMBER
analysis_id: NUMBER

PM_ProteinID
proteinid_id: INTEGER

search_id: INTEGER
protein_id: INTEGER
coveragemax: FLOAT
coveragemin: FLOAT
score: FLOAT
similarity: FLOAT
significance: FLOAT
mass: FLOAT
pi: FLOAT
similarto: NUMBER
mixedwith: NUMBER

PM_DB_search_proteins
search_id: INTEGER
proteinid_id: INTEGER

PM_DB_search_messages
search_id: INTEGER
n_order: NUMBER

messages: VARCHAR2(255)

PM_DB_search
search_id: INTEGER

search_method_id: INTEGER
search_date: INTEGER
details_url: VARCHAR2(255)

PM_Comparison
comp_id: INTEGER

protein_id: INTEGER
search_id: INTEGER
comp_method_id: INTEGER
status: CHAR(1)

PM_Analysis_comparison
analysis_id: INTEGER
comp_id: INTEGER

PM_ProteinID_deleted
proteinid_id: NUMBER

PM_Analysis_scheduled
analysis_id: NUMBER

mass_spec_id: NUMBER
status: CHAR(1)
checkedout: NUMBER
analysis_method_id: NUMBER

PM_Fragment_deleted
frag_id: NUMBER

PM_Analysis
analysis_id: INTEGER

analysis_method_id: INTEGER
status: CHAR(1)
analysis_date: INTEGER
internal_calibrants: NUMBER

PM_Fragment
frag_id: INTEGER

peak_id: INTEGER
charge: INTEGER
deltamass: FLOAT
mass: FLOAT
masstype: CHAR(1)
intensity: FLOAT

PM_Peak_contains
peak_id: INTEGER
amino_acid: CHAR(1)

aamax: INTEGER
aamin: INTEGER

PM_Peak
peak_id: INTEGER

charge: INTEGER
deltamass: FLOAT
mass: FLOAT
masstype: CHAR(1)
intensity: FLOAT

PM_Mass_Spec_analysis
mass_spec_id: INTEGER
analysis_id: INTEGER

PM_Analysis_peaklist
analysis_id: INTEGER
peak_id: INTEGER

PM_Analysis_comparison
analysis_id: INTEGER
comp_id: INTEGER

PM_Peak_sequence
peak_id: INTEGER
aa_sequence: VARCHAR2(80)

PM_Analysis_messages
analysis_id: INTEGER
n_order: NUMBER

messages: VARCHAR2(255)

PM_Peak_deleted
peak_id: NUMBER

search analysis

PM_Mass_Spec_status
status_id: NUMBER

name: VARCHAR2(80)
shortname: CHAR(2)

PM_Project_experiments
project_id: INTEGER
experiment_id: INTEGER

PM_Project
project_id: INTEGER

submission_date: INTEGER
title: VARCHAR2(80)
archive: VARCHAR2(255)
is_inactive: CHAR(1)

PM_Mass_Spec
mass_spec_id: INTEGER

confirmation_id: NUMBER
mstype_id: NUMBER
status_id: NUMBER
description: VARCHAR2(255)
filename: VARCHAR2(80)
filearchive: VARCHAR2(255)
submission_date: INTEGER
deletefile: CHAR(1)
is_inactive: CHAR(1)

PM_Gel
gel_id: INTEGER

description: VARCHAR2(255)
filename: VARCHAR2(80)
filearchive: VARCHAR2(255)
submission_date: INTEGER
is_inactive: NUMBER

PM_Experiment_gels
experiment_id: INTEGER
gel_id: INTEGER

PM_Experiment_measurements
experiment_id: INTEGER
mass_spec_id: INTEGER

PM_Experiment
experiment_id: INTEGER

submission_date: INTEGER
title: VARCHAR2(80)
archive: VARCHAR2(255)
is_inactive: CHAR(1)

PM_Analyte
mass_spec_id: INTEGER
gel_id: INTEGER

mass: FLOAT
dmass: FLOAT
pi: FLOAT
dpi: FLOAT
pixelx: INTEGER
pixely: INTEGER

PM_Mass_Spec_type
mstype_id: NUMBER

name: VARCHAR2(80)
extension: VARCHAR2(20)

PM_Confirmation
confirmation_id: NUMBER

name: VARCHAR2(80)

RADARS design



MIAPE design

MALDI
laser_wavelength
laser_power
matrix_type
grid_voltage
acceleration_voltage
ion_mode

Electrospray
spray_tip_voltage
spray_tip_diameter
solution_voltage
cone_voltage
loading_type
solvent
interface_manufacturer
spray_tip_manufacturer

ToF
reflectron_state
internal_length

Spot
apparent_pi
apparent_mass Gel2D

pi_start
pi_end
mass_start
mass_end
first_dim_details
second_dim_details

* 1

TreatedAnalyte

ChemicalTreatment
digestion
derivatisations1 1

DiGEGelItem
dye_type

BoundaryPoint
pixel_x_coord
pixel_y_coord

GelItem
id
area
intensity
local_background
annotation
annotation_source
volume
pixel_x_coord
pixel_y_coord
pixel_radius
normalisation
normalised_volume

1

1

*

{

or

d

e

r

e

d

}

RelatedGelItem
description
gel_reference
item_reference

1

*

Quadrupole
description

CollisionCell
gas_type
gas_pressure
collision_offset

IonTrap
gas_type
gas_pressure
rf_frequency
excitation_amplitude
isolation_centre
isolation_width
final_ms_level

Hexapole
description

Experiment
hypothesis
method_citations
result_citations

Sample
sample_id
sample_date
experimenter

*1

Organism
species_name
strain_identifier
relevant_genotype

SampleOrigin
description
condition
condition_degree
environment
tissue_type
cell_type
cell_cycle_phase
cell_component
technique
metabolic_label

1..n

*

* 1

TaggingProcess
lysis_buffer
tag_type
tag_purity
protein_concentration
tag_concentration
final_volume

* 0..1

Band
lane_number
apparent_mass

Gel1D
denaturing_agent
mass_start
mass_end
run_details

* 1

Detection
type

OtherIonisation
name

OntologyEntry
category
value
description

*

1

*

1

ionisation_
parameters

OthermzAnalysis
name

*

1

*

1

mz_analysis
_parameters

OtherAnalyte
name

OntologyEntry
category
value
description

*

1

analyte_parameters
OtherAnalyte
ProcessingStep
name*

1

*

1

analyte_processing
_step_parameters

Fraction
start_point
end_point
protein_assay

AssayDataPoint
time
protein_assay

Column
description
manufacturer
part_number
batch_number
internal_length
internal_diameter
stationary_phase
bead_size
pore_size
temperature
flow_rate
injection_volume
parameters_file* 1

0..1

1
n

e

x

t

_

d

i

m

e

n

s

i

o

n

*1
{ordered}

GradientStep
step_time

1*{ordered}

MobilePhase
Component

description
concentration

* 1

PercentX
percentage2..n

1

1
1

mzAnalysis
type

0..1
0..1

0..1

1

AnalyteProcessingStep

IonSource
type
collision_energy

1

0..1

Analyte

*

1

MassSpecMachine
manufacturer
model_name
software_version

1

PeakSpecific
ChromatogramIntegration
resolution
software version
background_threshold
area_under_curve
peak_description
sister_peak_reference

Chromatogram
Point

time_point
ion_count

ListProcessing
smoothing_process
background_threshold

MSMSFraction
target_m_to_z
plus_or_minus

MassSpecExperiment
description
parameters_file

*

1

*1

Peak
m_to_z
abundance
multiplicity

1

*

1
{

or

d

e

r

e

d

}

0..1
*

has_children

1
*

1
*

1

1..n

*

1

Tandem
SequenceData
source_type
sequence

DBSearchParameters
program
database
database_date
parameters_file
taxonomical_filter
fixed_modifications
variable_modifications
max_missed_cleavages
mass_value_type
fragment_ion_tolerance
peptide_mass_tolerance
accurate_mass_mode
mass_error_type
mass_error
protonated
icat_option

RelatedGelItem
description
gel_reference
item_reference

Protein
accession_number
gene_name
synonyms
organism
orf_number
description
sequence
modifications
predicted_mass
predicted_pi

DBSearch
username
id_date
n-terminal_aa
c-terminal_aa
count_of_specific_aa
name_of_counted_aa
regex_pattern

*1

1*

1

*

OntologyEntry
category
value
description

*
1

db_search_
parameters

ProteinHit
all_peptides_matched1

1

*

PeptideHit
score
score_type
sequence

1
* {ordered}

*

1..n
peptide_hit
_parameters

1..n

DiGEGel
dye_type
excitation_wavelength
exposure_time
tiff_image

Gel
description
raw_image
annotated_image
software_version
warped_image
warping_map
equipment
percent_acrylamide
solubilization_buffer
stain_details
protein_assay
in-gel_digestion
background
pixel_size_x
pixel_size_y

1

{ordered}
PeakList

list_type
description
mass_value_type

* information
probability

*

1

*

*

*



GPMDB Database design



GPMDB XML Archive Design



Deployment design



How do you use a data How do you use a data 
archive as a research tool?archive as a research tool?



GPMDB Archive size

20.2× peptide redundancy =
4,463,690 peptides =
8.2× protein redundancy =
697807 proteins =
12217 models =
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Functional ontology snapshot of GPMDB (Dec. 20, 2004)
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Cell component ontology snapshot of GPMDB (Dec. 20, 2004)



Data representation:Data representation:

What types of diagrams What types of diagrams 
are useful in evaluating are useful in evaluating 

and validating proteomics and validating proteomics 
results.results.



Simulated HPLC



Simulated pI vs retention time



Simulated 1D & 2D gels
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1

Carbonic anhydrase I (EC 4.2.1.1) (Carbonate dehydratase I) 
(CA-I) (Carbonic anhydrase B). 
[Source:Uniprot/SWISSPROT;Acc:P00915] 

Annotated domains:
IPR001148 Carbonic anhydrase, eukaryotic 

ENSP00000256119:
log(e) = -1.2

Validating data



cos(θ) = 0.46, z = 2, log(e) = -2.0

Comparing spectra



Comparing coverage



Can you use an archive to Can you use an archive to 
speed up identifications?speed up identifications?



Proteome “coverage”: counting tryptic peptides
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y = 0.25x + 0.03
R2 = 0.997



proteome

model sequences

All analysis done on all
sequences, leading to
sequence models

m

N

Current strategy employed for analyzing spectra v. sequences



For each identifiable protein in an original 
protein mixture, there will exist at least one 
detectable tryptic peptide with n ≤  nR1. 

An approximation for a collection of ms/ms spectra

n is the number of missed tryptic cleavages 
nR1 is a constant (e.g. nR1 = 1)



proteome

model sequences

1st round: fast
creates initial models

2nd round
3rd round
… 
nth round
refines the models

m

N

N1

Refinement strategy for analyzing spectra v. sequences



Improved sequence assignment strategy

1. Incremental rebuild of GPMDB with all 
data collected the day before.

4. Update search sequence list on search 
machines.

3. Store peptide sequences, associated with 
the protein sequence accession number.

2. Find all observed peptides for a particular 
species, with e < emax



proteome

model sequences

1st round: very fast
Finds accession numbers

2nd - nth round
Gets full sequences and
fully analyzes them

m

N

N1

Refinement strategy for analyzing spectra v. sequences



0.00012 refinement/spectrum (sec):
0.00044 initial modeling/spectrum (sec):
3.016 initial modeling total (sec):
381 total unique assigned:
6863 total spectra used:
725 total spectra assigned:
ValueParameter :

Search results, using Dell 470 dual processor workstation



Rob CraigRob Craig
John John CortensCortens

All of the groups that have All of the groups that have 
submitted their data and who submitted their data and who 

have set up their own have set up their own 
installations of these systems.installations of these systems.


