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Conclusion
 A node development environment is implemented in Proteome Discoverer 

software that allows rapid deployment of custom algorithms without the need to 
develop graphical user interfaces and other input/output infrastructure. This 
allows for algorithms to be deployed and shared among the mass spectrometry 
community.

 Multiple nodes were implemented in Proteome Discoverer software version 1.3 
and easily integrated into the workflows. For example, the neutral loss filter 
(Figure 5) was integrated with multiple node connections input/output to 
independently search under variable parameter settings.

 The external nodes developed for this poster can be used as templates for other 
node development efforts.

 Non-traditional proteomics workflows, such as disulfide mapping presented here, 
can also be easily integrated. The data can be displayed via the custom data 
fields properties of the Proteome Discoverer software graphical user interface.

 Nodes, source code and templates will be available at www.PD-Nodes.org

Overview
Purpose: Here we present Thermo Scientific Proteome Discoverer software, a node-
based framework for proteomics data processing.  We will explain the general structure 
of the software and provide multiple examples of creation of nodes for use in this 
system.

Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass spectrometer 
system equipped with electron transfer dissociation (ETD).  New nodes were 
developed in Microsoft® C# using Visual Studio® 2010 and their utility was 
demonstrated by incorporating them into Proteome DiscovererTM software workflows.

Results: Development, deployment and analysis of various node implementations are 
discussed.

Introduction
The speed and ultra-high resolution acquisition of Orbitrap-based technologies have 
made the characterization of increasingly larger numbers of previously undetectable 
features in a single run challenging. Data analysis bottlenecks are emerging both with 
respect to the speed of analysis and the depth of converting large data sets into 
meaningful information. While traditional database searching techniques still remain in 
the mainstream of traditional proteomics analysis, other analysis tools are continuously 
improving in various areas. The breadth and depth of algorithms from academic labs to 
commercial organizations are daunting, yet an infrastructure does not exist to rapidly 
develop, deploy and share unique algorithms amongst proteomics scientists. A node-
based development environment is proposed to test and deploy analysis algorithms 
without unnecessary overhead.

Methods
Proteome Discoverer software is written in the Microsoft C#/.NET environment and 
runs under Microsoft Windows®.  It consists of a server component for processing the 
data with user-defined processing workflows and a client component for creating and 
scheduling processing workflows and creating and displaying the final reports. The 
workflows consist of processing nodes that perform a specific task in the data analysis 
pipeline. These processing nodes are implemented as plug-ins, making it easy to 
extend the data processing with new algorithms or functionality. 

To create a new node for use in the Proteome Discoverer software framework, a 
developer starts with a Microsoft Visual Studio 2010 solution containing a template 
project that performs a similar functionality to the node to be added. In the solution, the 
developer defines the node name, the input and output data types, whether or not the 
algorithm is tied to the standard license or a separate one, and the algorithm 
parameters and their acceptable limits. Figure 1 shows the code created for the neutral 
loss filter example, where the input and output for the node are MS/MS spectra and the 
appearance of the node is tied to the standard license in Proteome Discoverer software 
and is available for all users. The code on the right side of Figure 1 shows the 
parameters that are available for users in the Workflow Editor user interface of 
Proteome Discoverer software (Figure 2) for that node and their acceptable limits. If 
the user sets any value outside of these limits, the workflow will exit with an immediate 
error.

FIGURE 1.  The code below defines the name of the node, the input and output 
data structures, and the parameters available for the users.

Microsoft, Windows, and Visual Studio are registered trademarks of Microsoft Corporation. All other trademarks 
are the property of Thermo Fisher Scientific and its subsidiaries.  

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Disulfide map.

Results
The following four nodes were created for use in the Proteome Discoverer software 
application: a normalized MS2 filter node, an HCD sequence tag filter, a CID MS2 neutral
loss filter and an ETD triggered MS3 node for disulfide mapping. The use and power of 
the custom nodes for the analysis of MS data is demonstrated briefly, showing the results 
for a typical set of data.

Normalized MS2 Filter Node

Each MS/MS spectrum was normalized to the most intense peak within the spectrum. A 
threshold was then applied to achieve maximum identification rate with minimal search 
input (Figure 3).

FIGURE 2. Proteome Discoverer software Workflow Editor with the new nodes.
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FIGURE 3. Filtered MS2 spectrum.

HCD Sequence Tag Filter

A peptide sequence tag filter was applied to HCD MS2 data to minimize search 
input for non-peptidic fragments (Figure 4).

CID MS2 Neutral Loss

CID MS2 screened for phosphorylation via neutral loss monitoring (Figure 5).

FIGURE 4. HCD sequence tag filter ID versus input
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ETD Triggered MS3 for Disulfide Mapping

Custom data fields were used for data display for disulfide mapping (Figures 6 and 7). 
Each new field was assigned a new GUID. Figure 8 shows the disulfide map.

FIGURE 5. Integration of flexible workflow

FIGURE 6. Custom data fields for ‘disulfinator’ node.

FIGURE 7. Custom data fields for disulfinator node.
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Conclusion
 A node development environment is implemented in Proteome Discoverer 

software that allows rapid deployment of custom algorithms without the need to 
develop graphical user interfaces and other input/output infrastructure. This 
allows for algorithms to be deployed and shared among the mass spectrometry 
community.

 Multiple nodes were implemented in Proteome Discoverer software version 1.3 
and easily integrated into the workflows. For example, the neutral loss filter 
(Figure 5) was integrated with multiple node connections input/output to 
independently search under variable parameter settings.

 The external nodes developed for this poster can be used as templates for other 
node development efforts.

 Non-traditional proteomics workflows, such as disulfide mapping presented here, 
can also be easily integrated. The data can be displayed via the custom data 
fields properties of the Proteome Discoverer software graphical user interface.

 Nodes, source code and templates will be available at www.PD-Nodes.org

Overview
Purpose: Here we present Thermo Scientific Proteome Discoverer software, a node-
based framework for proteomics data processing.  We will explain the general structure 
of the software and provide multiple examples of creation of nodes for use in this 
system.

Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass spectrometer 
system equipped with electron transfer dissociation (ETD).  New nodes were 
developed in Microsoft® C# using Visual Studio® 2010 and their utility was 
demonstrated by incorporating them into Proteome DiscovererTM software workflows.

Results: Development, deployment and analysis of various node implementations are 
discussed.

Introduction
The speed and ultra-high resolution acquisition of Orbitrap-based technologies have 
made the characterization of increasingly larger numbers of previously undetectable 
features in a single run challenging. Data analysis bottlenecks are emerging both with 
respect to the speed of analysis and the depth of converting large data sets into 
meaningful information. While traditional database searching techniques still remain in 
the mainstream of traditional proteomics analysis, other analysis tools are continuously 
improving in various areas. The breadth and depth of algorithms from academic labs to 
commercial organizations are daunting, yet an infrastructure does not exist to rapidly 
develop, deploy and share unique algorithms amongst proteomics scientists. A node-
based development environment is proposed to test and deploy analysis algorithms 
without unnecessary overhead.

Methods
Proteome Discoverer software is written in the Microsoft C#/.NET environment and 
runs under Microsoft Windows®.  It consists of a server component for processing the 
data with user-defined processing workflows and a client component for creating and 
scheduling processing workflows and creating and displaying the final reports. The 
workflows consist of processing nodes that perform a specific task in the data analysis 
pipeline. These processing nodes are implemented as plug-ins, making it easy to 
extend the data processing with new algorithms or functionality. 

To create a new node for use in the Proteome Discoverer software framework, a 
developer starts with a Microsoft Visual Studio 2010 solution containing a template 
project that performs a similar functionality to the node to be added. In the solution, the 
developer defines the node name, the input and output data types, whether or not the 
algorithm is tied to the standard license or a separate one, and the algorithm 
parameters and their acceptable limits. Figure 1 shows the code created for the neutral 
loss filter example, where the input and output for the node are MS/MS spectra and the 
appearance of the node is tied to the standard license in Proteome Discoverer software 
and is available for all users. The code on the right side of Figure 1 shows the 
parameters that are available for users in the Workflow Editor user interface of 
Proteome Discoverer software (Figure 2) for that node and their acceptable limits. If 
the user sets any value outside of these limits, the workflow will exit with an immediate 
error.

FIGURE 1.  The code below defines the name of the node, the input and output 
data structures, and the parameters available for the users.

Microsoft, Windows, and Visual Studio are registered trademarks of Microsoft Corporation. All other trademarks 
are the property of Thermo Fisher Scientific and its subsidiaries.  

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Disulfide map.

Results
The following four nodes were created for use in the Proteome Discoverer software 
application: a normalized MS2 filter node, an HCD sequence tag filter, a CID MS2 neutral
loss filter and an ETD triggered MS3 node for disulfide mapping. The use and power of 
the custom nodes for the analysis of MS data is demonstrated briefly, showing the results 
for a typical set of data.

Normalized MS2 Filter Node

Each MS/MS spectrum was normalized to the most intense peak within the spectrum. A 
threshold was then applied to achieve maximum identification rate with minimal search 
input (Figure 3).

FIGURE 2. Proteome Discoverer software Workflow Editor with the new nodes.
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FIGURE 3. Filtered MS2 spectrum.

HCD Sequence Tag Filter

A peptide sequence tag filter was applied to HCD MS2 data to minimize search 
input for non-peptidic fragments (Figure 4).

CID MS2 Neutral Loss

CID MS2 screened for phosphorylation via neutral loss monitoring (Figure 5).

FIGURE 4. HCD sequence tag filter ID versus input
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ETD Triggered MS3 for Disulfide Mapping

Custom data fields were used for data display for disulfide mapping (Figures 6 and 7). 
Each new field was assigned a new GUID. Figure 8 shows the disulfide map.

FIGURE 5. Integration of flexible workflow

FIGURE 6. Custom data fields for ‘disulfinator’ node.

FIGURE 7. Custom data fields for disulfinator node.

BSA_ETD_HCD_Top10_10KCIDtargetwPrevie... 10/23/2011 5:13:04 PM

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #8765 RT: 44.36 AV: 1 NL: 2.63E6
T: FTMS + p NSI d Full ms2 704.35@etd40.00 [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

834.4099
R=10900

925.9526
R=10300

1173.5762
R=9100

1668.8347
R=7604

704.1446
R=12301 1850.9236

R=7404
1214.5447

R=9204

1129.8768
R=9604

969.4460
R=10801

361.1825
R=16904 612.3935

R=14001
1454.6840

R=8601
484.3948
R=11204

Chain 1
Chain 2BSA _ETD_HCD_Top10_10KCIDtargetwPrevie.. . 10/23/2011 5:13:04 P M

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #8764 RT: 44.35 AV: 1 NL: 2.60E7
T: FTMS + p NSI Full ms [300.00-1600.00]

703.0 703.5 704.0 704.5 705.0 705.5 706.0
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

704.3464
R=182700

z=5

703.9462
R=181305

z=5

704.7464
R=182404

z=5

704.9466
R=179904

z=5

705.1472
R=177304

z=5
705.3486
R=144504

z=5
702.9824
R=154304

z=?

705.9471
R=196104

z=5

703.3151
R=151804

z=?

703.7505
R=184404

z=?

Precursor

MS3 confirmation of peptide mass map

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #4878 RT: 25.47 AV: 1 NL: 6.60E6
T: FTMS + p NSI d Full ms2 710.10@etd50.00 [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

912.4532
R=10400

1015.4880
R=9800

1420.1985
R=8404

710.0998
R=12200

1175.5684
R=9300 1824.9199

R=7404

490.2787
R=14204 810.8884

R=11201
1355.1406

R=8904

591.3226
R=13304

359.2028
R=17904 1534.7603

R=8904 1892.0363
R=5704

160.6804
R=18104

Accurate mass disulfide assignment

Chain 1
Chain 2

No MS3 triggered on chain 2

Custom data fields

BSA_ETD_HCD_Top10_10KCIDtargetwPrevie... 10/23/2011 5:13:04 PM

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #6119 RT: 31.50 AV: 1 NL: 2.85E7
T: FTMS + p NSI Full ms [300.00-1600.00]

500 600 700 800 900 1000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

770.9576
R=176000

z=5

670.0742
R=186600

z=4

642.7992
R=188900

z=6

942.2198
R=157200

z=5
741.1160
R=177100

z=5

785.1829
R=167800

z=6 893.0963
R=164000

z=3
536.2609
R=205000

z=5 592.7475
R=198900

z=4
830.8846
R=168100

z=4
710.3155
R=185504

z=?

976.6981
R=145900

z=4
501.7961
R=213404

z=?
1035.6564
R=141600

z=5

BSA_ETD_HCD_Top10_10KCIDtargetwPrevie... 10/23/2011 5:13:04 PM

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #6119 RT: 31.50 AV: 1 NL: 2.85E7
T: FTMS + p NSI Full ms [300.00-1600.00]

771.0 771.5 772.0 772.5 773.0
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

770.9576
R=176000

z=5 771.1575
R=173304

z=5

771.3576
R=175204

z=5

771.5578
R=176004

z=5

770.7572
R=174905

z=5

771.7583
R=176204

z=5

771.9584
R=170904

z=5 772.1589
R=165904

z=5 772.7596
R=172204

z=5

772.5596
R=148604

z=5

HRAM precursorShifted charge state
distribution

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #4877 RT: 25.46 AV: 1 NL: 9.02E7
T: FTMS + p NSI Full ms [300.00-1600.00]

709.5 710.0 710.5 711.0 711.5
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

710.0984
R=182400

z=4

710.3484
R=183004

z=4

709.8479
R=183405

z=4

710.5989
R=181904

z=4

710.8492
R=182204

z=4

711.0992
R=180904

z=4

711.3509
R=150304

z=4

709.7783
R=173604

z=?
709.3443
R=173004

z=?

711.6014
R=140304

z=4

Precursor

ETD MS2 fragments disulfide bond efficiently

b₅⁺, y₃⁺-NH₃
358.16980

y₈⁺
876.45557

y₁₀⁺
1004.51312

b₄⁺
287.13339

b₄⁺-H₂O
269.12244

y₅⁺
601.32898

y₉⁺
933.47626

y₇⁺
805.41711

y₆⁺
658.34845

b₂⁺
159.07584

200 400 600 800 1000 1200
m/z

0

20

40

60

80

100

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

     Extracted from: H:\Demo data\BU Data\Standards\25fmolesSD7_111001181002.raw   #5651   RT: 21.95
     FTMS, HCD, z=+2, Mono m/z=581.79651 Da, MH+=1162.58574 Da, Match Tol.=0.8 Da

200 400 600 800 1000 1200
m/z

0

100

200

300

400

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

     H:\Demo data\BU Data\Standards\25fmolesSD7_111001181002.raw  #14295, RT=55.34 min
     FTMS, HCD, Precursor: z=+2, Mono m/z=668.17731 Da, MH+=1335.34734 Da

Peptidic Fragment Non-peptidic Fragment

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #7753 RT: 39.46 AV: 1 NL: 2.50E6
T: FTMS + p NSI d Full ms2 722.53@etd40.00 [100.00-2000.00]

200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

834.4090
z=2

970.9070
z=2

1203.8759
z=3

1150.5122
z=3

159.1003
z=? 1668.8180

z=? 1805.3713
z=?722.3325

z=? 1259.5254
z=? 1499.1519

z=2 1941.8599
z=?274.1262

z=? 402.1411
z=?

578.2632
z=?

VHKEccHGDLLEcADDR---MPcTEDYLSLILNR

Theoretical      Mass Experimental    Mass Error (PPM) 

3605.604         3605.595                   -2.488

Inter/Intra-link Identification

Rapid Proteomics Analysis Algorithm Development Using Proteome Discoverer Software: A Development Environment 
for Proteomics Scientists 
Iman Mohtashemi, Kai Fritzemeier, Hans Grensemann, Bernard Delanghe, David Horn, Torsten Ueckert
Thermo Fisher Scientific, San Jose, CA, USA



4 Rapid Proteomics Analysis Algorithm Development Using Proteome Discoverer Software: A Development Environment for Proteomics Scientists

New nodes

Parameters for 
selected node

Conclusion
 A node development environment is implemented in Proteome Discoverer 

software that allows rapid deployment of custom algorithms without the need to 
develop graphical user interfaces and other input/output infrastructure. This 
allows for algorithms to be deployed and shared among the mass spectrometry 
community.

 Multiple nodes were implemented in Proteome Discoverer software version 1.3 
and easily integrated into the workflows. For example, the neutral loss filter 
(Figure 5) was integrated with multiple node connections input/output to 
independently search under variable parameter settings.

 The external nodes developed for this poster can be used as templates for other 
node development efforts.

 Non-traditional proteomics workflows, such as disulfide mapping presented here, 
can also be easily integrated. The data can be displayed via the custom data 
fields properties of the Proteome Discoverer software graphical user interface.

 Nodes, source code and templates will be available at www.PD-Nodes.org

Overview
Purpose: Here we present Thermo Scientific Proteome Discoverer software, a node-
based framework for proteomics data processing.  We will explain the general structure 
of the software and provide multiple examples of creation of nodes for use in this 
system.

Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass spectrometer 
system equipped with electron transfer dissociation (ETD).  New nodes were 
developed in Microsoft® C# using Visual Studio® 2010 and their utility was 
demonstrated by incorporating them into Proteome DiscovererTM software workflows.

Results: Development, deployment and analysis of various node implementations are 
discussed.

Introduction
The speed and ultra-high resolution acquisition of Orbitrap-based technologies have 
made the characterization of increasingly larger numbers of previously undetectable 
features in a single run challenging. Data analysis bottlenecks are emerging both with 
respect to the speed of analysis and the depth of converting large data sets into 
meaningful information. While traditional database searching techniques still remain in 
the mainstream of traditional proteomics analysis, other analysis tools are continuously 
improving in various areas. The breadth and depth of algorithms from academic labs to 
commercial organizations are daunting, yet an infrastructure does not exist to rapidly 
develop, deploy and share unique algorithms amongst proteomics scientists. A node-
based development environment is proposed to test and deploy analysis algorithms 
without unnecessary overhead.

Methods
Proteome Discoverer software is written in the Microsoft C#/.NET environment and 
runs under Microsoft Windows®.  It consists of a server component for processing the 
data with user-defined processing workflows and a client component for creating and 
scheduling processing workflows and creating and displaying the final reports. The 
workflows consist of processing nodes that perform a specific task in the data analysis 
pipeline. These processing nodes are implemented as plug-ins, making it easy to 
extend the data processing with new algorithms or functionality. 

To create a new node for use in the Proteome Discoverer software framework, a 
developer starts with a Microsoft Visual Studio 2010 solution containing a template 
project that performs a similar functionality to the node to be added. In the solution, the 
developer defines the node name, the input and output data types, whether or not the 
algorithm is tied to the standard license or a separate one, and the algorithm 
parameters and their acceptable limits. Figure 1 shows the code created for the neutral 
loss filter example, where the input and output for the node are MS/MS spectra and the 
appearance of the node is tied to the standard license in Proteome Discoverer software 
and is available for all users. The code on the right side of Figure 1 shows the 
parameters that are available for users in the Workflow Editor user interface of 
Proteome Discoverer software (Figure 2) for that node and their acceptable limits. If 
the user sets any value outside of these limits, the workflow will exit with an immediate 
error.

FIGURE 1.  The code below defines the name of the node, the input and output 
data structures, and the parameters available for the users.

Microsoft, Windows, and Visual Studio are registered trademarks of Microsoft Corporation. All other trademarks 
are the property of Thermo Fisher Scientific and its subsidiaries.  

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Disulfide map.

Results
The following four nodes were created for use in the Proteome Discoverer software 
application: a normalized MS2 filter node, an HCD sequence tag filter, a CID MS2 neutral
loss filter and an ETD triggered MS3 node for disulfide mapping. The use and power of 
the custom nodes for the analysis of MS data is demonstrated briefly, showing the results 
for a typical set of data.

Normalized MS2 Filter Node

Each MS/MS spectrum was normalized to the most intense peak within the spectrum. A 
threshold was then applied to achieve maximum identification rate with minimal search 
input (Figure 3).

FIGURE 2. Proteome Discoverer software Workflow Editor with the new nodes.
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Filtered
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FIGURE 3. Filtered MS2 spectrum.

HCD Sequence Tag Filter

A peptide sequence tag filter was applied to HCD MS2 data to minimize search 
input for non-peptidic fragments (Figure 4).

CID MS2 Neutral Loss

CID MS2 screened for phosphorylation via neutral loss monitoring (Figure 5).

FIGURE 4. HCD sequence tag filter ID versus input
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ETD Triggered MS3 for Disulfide Mapping

Custom data fields were used for data display for disulfide mapping (Figures 6 and 7). 
Each new field was assigned a new GUID. Figure 8 shows the disulfide map.

FIGURE 5. Integration of flexible workflow

FIGURE 6. Custom data fields for ‘disulfinator’ node.

FIGURE 7. Custom data fields for disulfinator node.
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Conclusion
 A node development environment is implemented in Proteome Discoverer 

software that allows rapid deployment of custom algorithms without the need to 
develop graphical user interfaces and other input/output infrastructure. This 
allows for algorithms to be deployed and shared among the mass spectrometry 
community.

 Multiple nodes were implemented in Proteome Discoverer software version 1.3 
and easily integrated into the workflows. For example, the neutral loss filter 
(Figure 5) was integrated with multiple node connections input/output to 
independently search under variable parameter settings.

 The external nodes developed for this poster can be used as templates for other 
node development efforts.

 Non-traditional proteomics workflows, such as disulfide mapping presented here, 
can also be easily integrated. The data can be displayed via the custom data 
fields properties of the Proteome Discoverer software graphical user interface.

 Nodes, source code and templates will be available at www.PD-Nodes.org

Overview
Purpose: Here we present Thermo Scientific Proteome Discoverer software, a node-
based framework for proteomics data processing.  We will explain the general structure 
of the software and provide multiple examples of creation of nodes for use in this 
system.

Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass spectrometer 
system equipped with electron transfer dissociation (ETD).  New nodes were 
developed in Microsoft® C# using Visual Studio® 2010 and their utility was 
demonstrated by incorporating them into Proteome DiscovererTM software workflows.

Results: Development, deployment and analysis of various node implementations are 
discussed.

Introduction
The speed and ultra-high resolution acquisition of Orbitrap-based technologies have 
made the characterization of increasingly larger numbers of previously undetectable 
features in a single run challenging. Data analysis bottlenecks are emerging both with 
respect to the speed of analysis and the depth of converting large data sets into 
meaningful information. While traditional database searching techniques still remain in 
the mainstream of traditional proteomics analysis, other analysis tools are continuously 
improving in various areas. The breadth and depth of algorithms from academic labs to 
commercial organizations are daunting, yet an infrastructure does not exist to rapidly 
develop, deploy and share unique algorithms amongst proteomics scientists. A node-
based development environment is proposed to test and deploy analysis algorithms 
without unnecessary overhead.

Methods
Proteome Discoverer software is written in the Microsoft C#/.NET environment and 
runs under Microsoft Windows®.  It consists of a server component for processing the 
data with user-defined processing workflows and a client component for creating and 
scheduling processing workflows and creating and displaying the final reports. The 
workflows consist of processing nodes that perform a specific task in the data analysis 
pipeline. These processing nodes are implemented as plug-ins, making it easy to 
extend the data processing with new algorithms or functionality. 

To create a new node for use in the Proteome Discoverer software framework, a 
developer starts with a Microsoft Visual Studio 2010 solution containing a template 
project that performs a similar functionality to the node to be added. In the solution, the 
developer defines the node name, the input and output data types, whether or not the 
algorithm is tied to the standard license or a separate one, and the algorithm 
parameters and their acceptable limits. Figure 1 shows the code created for the neutral 
loss filter example, where the input and output for the node are MS/MS spectra and the 
appearance of the node is tied to the standard license in Proteome Discoverer software 
and is available for all users. The code on the right side of Figure 1 shows the 
parameters that are available for users in the Workflow Editor user interface of 
Proteome Discoverer software (Figure 2) for that node and their acceptable limits. If 
the user sets any value outside of these limits, the workflow will exit with an immediate 
error.

FIGURE 1.  The code below defines the name of the node, the input and output 
data structures, and the parameters available for the users.

Microsoft, Windows, and Visual Studio are registered trademarks of Microsoft Corporation. All other trademarks 
are the property of Thermo Fisher Scientific and its subsidiaries.  

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Disulfide map.

Results
The following four nodes were created for use in the Proteome Discoverer software 
application: a normalized MS2 filter node, an HCD sequence tag filter, a CID MS2 neutral
loss filter and an ETD triggered MS3 node for disulfide mapping. The use and power of 
the custom nodes for the analysis of MS data is demonstrated briefly, showing the results 
for a typical set of data.

Normalized MS2 Filter Node

Each MS/MS spectrum was normalized to the most intense peak within the spectrum. A 
threshold was then applied to achieve maximum identification rate with minimal search 
input (Figure 3).

FIGURE 2. Proteome Discoverer software Workflow Editor with the new nodes.
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FIGURE 3. Filtered MS2 spectrum.

HCD Sequence Tag Filter

A peptide sequence tag filter was applied to HCD MS2 data to minimize search 
input for non-peptidic fragments (Figure 4).

CID MS2 Neutral Loss

CID MS2 screened for phosphorylation via neutral loss monitoring (Figure 5).

FIGURE 4. HCD sequence tag filter ID versus input

2+ 3+ 4-6+

2% 1%5%

Filter by 
charge state

Filter by neutral 
loss (relative 

abundance
threshold shown)

Identify 
phosphopeptides

Assign
confidence

ETD Triggered MS3 for Disulfide Mapping

Custom data fields were used for data display for disulfide mapping (Figures 6 and 7). 
Each new field was assigned a new GUID. Figure 8 shows the disulfide map.

FIGURE 5. Integration of flexible workflow

FIGURE 6. Custom data fields for ‘disulfinator’ node.

FIGURE 7. Custom data fields for disulfinator node.
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New nodes

Parameters for 
selected node

Conclusion
 A node development environment is implemented in Proteome Discoverer 

software that allows rapid deployment of custom algorithms without the need to 
develop graphical user interfaces and other input/output infrastructure. This 
allows for algorithms to be deployed and shared among the mass spectrometry 
community.

 Multiple nodes were implemented in Proteome Discoverer software version 1.3 
and easily integrated into the workflows. For example, the neutral loss filter 
(Figure 5) was integrated with multiple node connections input/output to 
independently search under variable parameter settings.

 The external nodes developed for this poster can be used as templates for other 
node development efforts.

 Non-traditional proteomics workflows, such as disulfide mapping presented here, 
can also be easily integrated. The data can be displayed via the custom data 
fields properties of the Proteome Discoverer software graphical user interface.

 Nodes, source code and templates will be available at www.PD-Nodes.org

Overview
Purpose: Here we present Thermo Scientific Proteome Discoverer software, a node-
based framework for proteomics data processing.  We will explain the general structure 
of the software and provide multiple examples of creation of nodes for use in this 
system.

Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass spectrometer 
system equipped with electron transfer dissociation (ETD).  New nodes were 
developed in Microsoft® C# using Visual Studio® 2010 and their utility was 
demonstrated by incorporating them into Proteome DiscovererTM software workflows.

Results: Development, deployment and analysis of various node implementations are 
discussed.

Introduction
The speed and ultra-high resolution acquisition of Orbitrap-based technologies have 
made the characterization of increasingly larger numbers of previously undetectable 
features in a single run challenging. Data analysis bottlenecks are emerging both with 
respect to the speed of analysis and the depth of converting large data sets into 
meaningful information. While traditional database searching techniques still remain in 
the mainstream of traditional proteomics analysis, other analysis tools are continuously 
improving in various areas. The breadth and depth of algorithms from academic labs to 
commercial organizations are daunting, yet an infrastructure does not exist to rapidly 
develop, deploy and share unique algorithms amongst proteomics scientists. A node-
based development environment is proposed to test and deploy analysis algorithms 
without unnecessary overhead.

Methods
Proteome Discoverer software is written in the Microsoft C#/.NET environment and 
runs under Microsoft Windows®.  It consists of a server component for processing the 
data with user-defined processing workflows and a client component for creating and 
scheduling processing workflows and creating and displaying the final reports. The 
workflows consist of processing nodes that perform a specific task in the data analysis 
pipeline. These processing nodes are implemented as plug-ins, making it easy to 
extend the data processing with new algorithms or functionality. 

To create a new node for use in the Proteome Discoverer software framework, a 
developer starts with a Microsoft Visual Studio 2010 solution containing a template 
project that performs a similar functionality to the node to be added. In the solution, the 
developer defines the node name, the input and output data types, whether or not the 
algorithm is tied to the standard license or a separate one, and the algorithm 
parameters and their acceptable limits. Figure 1 shows the code created for the neutral 
loss filter example, where the input and output for the node are MS/MS spectra and the 
appearance of the node is tied to the standard license in Proteome Discoverer software 
and is available for all users. The code on the right side of Figure 1 shows the 
parameters that are available for users in the Workflow Editor user interface of 
Proteome Discoverer software (Figure 2) for that node and their acceptable limits. If 
the user sets any value outside of these limits, the workflow will exit with an immediate 
error.

FIGURE 1.  The code below defines the name of the node, the input and output 
data structures, and the parameters available for the users.

Microsoft, Windows, and Visual Studio are registered trademarks of Microsoft Corporation. All other trademarks 
are the property of Thermo Fisher Scientific and its subsidiaries.  

This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 8. Disulfide map.

Results
The following four nodes were created for use in the Proteome Discoverer software 
application: a normalized MS2 filter node, an HCD sequence tag filter, a CID MS2 neutral
loss filter and an ETD triggered MS3 node for disulfide mapping. The use and power of 
the custom nodes for the analysis of MS data is demonstrated briefly, showing the results 
for a typical set of data.

Normalized MS2 Filter Node

Each MS/MS spectrum was normalized to the most intense peak within the spectrum. A 
threshold was then applied to achieve maximum identification rate with minimal search 
input (Figure 3).

FIGURE 2. Proteome Discoverer software Workflow Editor with the new nodes.
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FIGURE 3. Filtered MS2 spectrum.

HCD Sequence Tag Filter

A peptide sequence tag filter was applied to HCD MS2 data to minimize search 
input for non-peptidic fragments (Figure 4).

CID MS2 Neutral Loss

CID MS2 screened for phosphorylation via neutral loss monitoring (Figure 5).

FIGURE 4. HCD sequence tag filter ID versus input
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ETD Triggered MS3 for Disulfide Mapping

Custom data fields were used for data display for disulfide mapping (Figures 6 and 7). 
Each new field was assigned a new GUID. Figure 8 shows the disulfide map.

FIGURE 5. Integration of flexible workflow

FIGURE 6. Custom data fields for ‘disulfinator’ node.

FIGURE 7. Custom data fields for disulfinator node.
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Accurate mass disulfide assignment

Chain 1
Chain 2

No MS3 triggered on chain 2

Custom data fields
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BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #6119 RT: 31.50 AV: 1 NL: 2.85E7
T: FTMS + p NSI Full ms [300.00-1600.00]
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BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #6119 RT: 31.50 AV: 1 NL: 2.85E7
T: FTMS + p NSI Full ms [300.00-1600.00]
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HRAM precursorShifted charge state
distribution

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #4877 RT: 25.46 AV: 1 NL: 9.02E7
T: FTMS + p NSI Full ms [300.00-1600.00]
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Precursor

ETD MS2 fragments disulfide bond efficiently
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358.16980

y₈⁺
876.45557

y₁₀⁺
1004.51312

b₄⁺
287.13339

b₄⁺-H₂O
269.12244

y₅⁺
601.32898

y₉⁺
933.47626

y₇⁺
805.41711

y₆⁺
658.34845

b₂⁺
159.07584

200 400 600 800 1000 1200
m/z

0

20

40

60

80

100

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

     Extracted from: H:\Demo data\BU Data\Standards\25fmolesSD7_111001181002.raw   #5651   RT: 21.95
     FTMS, HCD, z=+2, Mono m/z=581.79651 Da, MH+=1162.58574 Da, Match Tol.=0.8 Da
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     H:\Demo data\BU Data\Standards\25fmolesSD7_111001181002.raw  #14295, RT=55.34 min
     FTMS, HCD, Precursor: z=+2, Mono m/z=668.17731 Da, MH+=1335.34734 Da

Peptidic Fragment Non-peptidic Fragment

BSA_ETD_HCD_Top10_10KCIDtargetwPreview_NoDEGoodnoNonoisi_Iso3 #7753 RT: 39.46 AV: 1 NL: 2.50E6
T: FTMS + p NSI d Full ms2 722.53@etd40.00 [100.00-2000.00]
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Theoretical      Mass Experimental    Mass Error (PPM) 

3605.604         3605.595                   -2.488
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