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In This Guide…
The Application Guide presents instructions to analyze protein 
and peptide data with the Spectrum Mill MS Proteomics 
Workbench. 

This guide assumes that the Spectrum Mill workbench has 
already been installed on your server, databases have been 
downloaded and indexed, and the server is ready to go 
(Installation Guide). 

It also assumes you have set up your PC client, transferred files 
to the server and started the software (Quick Start Guide).

1 Processing MS/MS Data Interactively
Learn basic step-by-step procedures to process MS/MS data 
using a basic workflow and an iterative workflow.

2 Reviewing and Validating MS/MS Data
Learn details to help you customize MS/MS data review and 
validation and to do manual validation and review.

3 Automating Workflows
Learn how to set up and execute workflows containing 
sequential Spectrum Mill tasks (parameter files), e.g., 
extraction, search, autovalidation, quality metrics, summary, 
and data archive.

4 Sherenga de novo Sequencing

Learn details to help you understand and use the software 
module for Sherenga de novo sequencing.

5 Processing for Differential Expression Quantitation
Learn details to process quantitative data for differential 
profiling studies.

6 Processing MS-Only Data Interactively
Learn basic step-by-step procedures to process MS-only data.
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7 Using the Tool Belt
Learn how to use the tools on the Tool Belt page.

8 Using Spectrum Mill Utilities

Learn how to use the many useful protein/peptide utilities 
included with the Spectrum Mill workbench.

9 System Administration
Learn common system administration tasks, including how to 
install and update databases.

10 Files Created during Spectrum Mill Data Processing
Learn about the files the Spectrum Mill workbench creates. This 
information is useful to troubleshoot data processing, to 
selectively remove some of the data processing, and to make 
decisions about data archives.
4 Spectrum Mill Workbench Application Guide



Content
1 Processing MS/MS Data Interactively 11

Normal Workflow – Setting Up Parameter Files and Processing Tasks 
Interactively 13
Step 1. Run the Data Extractor 13
Step 2. Search in variable modifications mode 20
Step 3. Validate high quality results automatically 25
Step 4. Examine the validated results for variable modifications mode 30

Iterative Workflow – Alternative Interactive Processing 34
Overview 34
Step 1. Do additional searches and autovalidations 35
Step 2. Check for remaining high-quality spectra 37
Step 3. Make a decision regarding further processing 41
Step 4. Summarize valid results 41
To search in no enzyme mode 47
To search a larger database 47
To search in homology modes, or do a mass gap search 48
To use Sherenga de novo sequencing 50
To review Sherenga de novo sequencing results 52
To use the Spectrum Matcher 55

2 Reviewing and Validating MS/MS Data 59

Setting Up Autovalidation 61
Step 1. Select Data Directory and/or parameter file 61
Step 2. Select the Strategy and Mode to autovalidate results 62
Step 3. Save parameters and validate data 68

Setting Up the Protein/Peptide Summary Page 69
Step 1. Set data directory and mode 69
Step 2. Set filtering, sorting, and validation parameters 70
Step 3. Choose review fields 72
Spectrum Mill Workbench Application Guide 5



Contents
Step 4. Select Protein Quantitation Options 74
Step 5. Save parameters and summarize data 74

Reviewing and Validating Results Interactively 76
To display results in preparation for manual validation 76
To manually review and validate results 80
To use the Spectrum Viewer 83

Protein/Peptide Summary Displays 90
Peptide - Spectrum Match 91
Peptide - Distinct 92
Protein Summary Details 93
Protein-Protein Comparison 95
Protein-Peptide Comparison 98
Protein-Var Mod Site Comparison 99
Protein-Single Peptide ID 101
Protein-Peptide Distribution Columns 102

Identification Statistics and False Discovery Rate 103
To create a summary table of MS/MS identification statistics 103
To report FDR and search statistics 106

3 Automating Workflows 111

Setting Up Automated Workflows 112
To create parameter files or workflow tasks 112
To view already existing workflows and their tasks 112
To create/edit an automated workflow 114

Executing and Monitoring Workflows 116
To execute an automated workflow 116
To monitor results 117
To view workflow progress 119
To check the Completion Log 120
6 Spectrum Mill Workbench Application Guide



Contents
4 Sherenga de novo Sequencing 121
To set parameters and run the de novo sequencing algorithm 122
To generate a Sherenga report 125
To view detailed Sherenga results 127
To compare Sherenga results with MS/MS Search results 129

5 Processing Data for Differential Expression Quantitation 131
To use the Data Extractor for a differential profiling study 133
To use MS/MS Search for a differential profiling study 135
To calculate DEQ ratios for isotopic labels using the Protein/Peptide Summary 

page 136
To interpret DEQ results for isotopic labels in Peptide - Spectrum Match 

mode 137
To interpret DEQ results for isotopic labels in protein modes 139
To calculate iTRAQ and TMT ratios using the Protein/Peptide Summary 

page 140
To interpret results for iTRAQ labels in peptide mode 141
To interpret results for iTRAQ labels in protein mode 142
To view light/heavy results on the Spectrum Summary page 143

6 Processing MS-Only Data Interactively 145
Step 1. Find the compounds of interest in MassHunter Qualitative 

Analysis 146
Step 2. Copy and paste compound masses into PMF Search 147
Step 3. Search the MS-only data and display results 148
Step 4. Examine the results 151

7 Using the Tool Belt 153
To terminate a process 154
To create a saved results file so you can search previous hits 156
To create an MS/MS Search summary file if search terminated 

abnormally 158
To create a summary table of previously-used parameters 159
To list details about amino acid modifications 161
Spectrum Mill Workbench Application Guide 7



Contents
To create a file of reporter ion correction factors 163
To apply a file of reporter ion correction factors 165
To calculate discriminant scoring coefficients 166
To copy files to your collections directory 168
To export PepXML files 169
To convert spectra 171

8 Using Spectrum Mill Utilities 173
To archive data 174
To identify digest peptides likely to meet specific experimental goals (Peptide 

Selector) 176
To build MRM lists for triple quadrupole instruments 179
To align sequences (Multiple Sequence Aligner) 181
To list peptides that correspond to a theoretical protein digest (MS 

Digest) 182
To retrieve database entries using text searches (MS Edman) 184
To list theoretical fragment ion masses for peptides (MS Product) 186
To list amino acid compositions that fit precursor mass and partial composition 

(MS Comp) 188
To show isotope patterns of peptides (MS Isotope) 190
To search a database with a list of peptide sequences (Peptide String 

Match) 191
To calculate the masses and formulas for peptides 193

9 System Administration 195

Manipulating sequence databases 196
To install or update databases 196
To create database indices 198
To re-index an existing database 200
To create a species and protein molecular weight subset database 201
To generate a database summary report 202
To concatenate databases (FASTA files) 203
To create a subset database from saved hits 204
8 Spectrum Mill Workbench Application Guide



Contents
To make a subset FASTA file from Accession Numbers 205
To create a user (proprietary) database or add sequences to one 206
To compare two databases 207
To calculate statistics 208
To remove redundant database entries 209
To create a category file 210

Other system administration tasks 211
To add custom amino acid modifications 211
To change the URLs of HTML links in the search results 212
To enable the HTML link to BLAST search 212
To add/change options related to biology/chemistry 213
To add instrument types 213
To configure IEF Selector defaults 214
To maintain server performance 215
To use server administration scripts 215
To avoid problems with connection time-outs 216
To configure server with drives other than the default configuration 216
To remove and reinstall the Spectrum Mill workbench 217
To limit the number of parallel workflow processes to less than the CPU 

count 218
To start and stop the Spectrum Mill Workflow Manager Service 219

10 Files Created during Spectrum Mill Data Processing 221
Architecture Overview 222
Data Extractor (MS/MS raw data) 223
Data Extractor (generic data) 225
Data Extractor (MS-only raw data) 227
MS/MS Search 228
Protein/Peptide Summary, Spectrum Summary, and Autovalidation 230
Tool Belt 232
Sherenga de novo Sequencing 234
PMF Search 235
MS Edman 236
Spectrum Mill Workbench Application Guide 9



Contents
Protein Databases 237
10 Spectrum Mill Workbench Application Guide



Agilent G2721AA/G2733AA Spectrum Mill MS Proteomics Workbench
Application Guide
1
Processing MS/MS Data Interactively
Normal Workflow – Setting Up Parameter Files and Processing Tasks 

Interactively 13
Iterative Workflow – Alternative Interactive Processing 34

This chapter gives more details for the steps in normal and iterative MS/MS 
workflows (Figure 1) and shows you how to set up parameter files for 
automating workflows, how to automate tasks interactively and how to 
execute some single tasks immediately.

The normal workflow is a one-pass search and validation workflow that lets 
you identify most spectra in your sample. If you want to gather more 
information to characterize identified proteins, use an iterative workflow. 

First read the Quick Start Guide to learn this basic information:

• Features new to the current version of software 

• How to find other information for using Spectrum Mill successfully

• How to transfer spectral files to the server

• How to configure the PC client and start the software

Both this chapter and the Quick Start Guide assume that the Spectrum Mill 
workbench has already been installed on your server and databases have 
been downloaded and indexed. If this has not yet been done, see the 
Installation Guide.

• Descriptions of the Spectrum Mill workflows that Agilent recommends for 
analyzing protein/peptide data

• How to process data automatically and interactively
11



1 Processing MS/MS Data Interactively
Figure 1 Summary of processing for MS/MS data

Do normal workflow as shown 
in blue to left.

Check for remaining high-quality
spectra (Spectrum Summary page)

Search using different parameters
• Mass-gap search 
• Homology search
• Search a different database
(MS/MS Search page)

Examine the list of validated 
peptides, sorted by delta mass shift
(Protein/Peptide Summary page)

NORMAL WORKFLOW ITERATIVE WORKFLOW

Preprocess spectral files
(Data Extractor page)

Set search parameters with
variable modifications
(MS/MS Search page)

Validate results automatically
with auto thresholds 
strategy-FDR peptide validation
(Autovalidation page)

Create protein results summary
(Protein/Peptide Summary page)

Validate results automatically
with auto thresholds 
strategy-FDR protein polishing
validation (Autovalidation page)

Examine results by reviewing them
in several modes of the
Protein/Peptide Summary page 
and in Spectrum Viewer.

Print results or export to Excel,
AMRT, LIMS, HTML, PepXML,
MPP, or PowerPoint

For accurate FDR, search 
again using updated
modifications from iterative 
searches.
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Normal Workflow – Setting Up Parameter Files and Processing Tasks Interactively
Normal Workflow – Setting Up Parameter Files and Processing 
Tasks Interactively 

This section gives you the instructions for setting up the parameter files 
needed to create automated normal workflows and to run the workflow tasks 
interactively. See Chapter 3 for instructions on creating automated workflows 
from the parameter files you set up here.

When started interactively, extraction and search tasks are automatically 
submitted to the workflow manager, or queue, to be executed. You have the 
option to select a Queue request for Autovalidation, Quality Metrics, 
Protein/Peptide Summary, and Archive Data, but Autovalidation cannot start 
(Queue request unmarked) before searching is complete. While extraction and 
searching are being executed, start Autovalidation and Protein/Peptide 
Summary after marking the Request queue check boxes. This is called 
interactive automation.

Step 1. Run the Data Extractor
The Spectrum Mill Data Extractor software has two fundamental types of 
MS/MS data extractors: raw and generic. 

The Spectrum Mill workbench recognizes the type of MS/MS data file and 
chooses the appropriate data extractor. The Data Extractor page changes 
accordingly.

To preprocess raw data files (Agilent Q-TOF or ion trap or Thermo Fisher 
Scientific data)
The raw data extractors operate on *.d and*.raw files. They extract and merge 
nearby MS/MS spectra from the same precursor ion. They optionally apply 
MS/MS similarity criteria prior to merging scans, to avoid merging closely 
eluting or co-eluting isobaric peptides. 

For Agilent ion trap data, and Thermo Fisher Scientific *.raw ion trap data, 
the extractors optionally merge MS2 and MS3 scans from the same precursor. 
The extractors assign precursor charges where possible, centroid the MS/MS 
Spectrum Mill Workbench Application Guide 13



1 Processing MS/MS Data Interactively
Normal Workflow – Setting Up Parameter Files and Processing Tasks Interactively
spectra, calculate spectral features, filter MS/MS spectra by quality, and 
calculate extracted ion chromatograms (EICs) for the intervening MS 
precursor scans. The latter are used for quantitation. 

1 Navigate to the Data Extractor page.

2 In the Data Directories section, click the Select... button to select the 
folder or folders that contain your files.

3 For Agilent Q-TOF data and most extractions, fill in the boxes as shown in 
Figure 2.

4 If you want the extraction to take advantage of all available processors, 
mark the check box for Maximize CPUs. 

• If you clear the check box, extraction uses only a single CPU per 
directory so that the other CPUs are available for other processes/users). 

• If your folder contains only one data file, clear the check box.

• If you process multiple directories at the same time, (where “multiple” 
means more than the number of CPUs on the server), do not mark the 
check box for Maximize CPUs.

• If you mark this check box for a workflow, the request queue shows two 
requests: the initial one to create the batch of files and a second one to 
show the progress and extractor results.
14 Spectrum Mill Workbench Application Guide
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5 If you have a different data type, or want to change other parameters, 
choose from the optional steps below. 

To find explanations of all the fields in a particular category, click the blue 
divider bar to bring up that category in the online help.

• Click the Choose... button to select the modifications that match the 
chemistry for your samples. 

• To view details about the modifications that are currently available on 
your server, click the Details button at the bottom right of the Choose 
Modifications dialog. 

Figure 2 Data Extractor for .d files, shown with typical settings for Agilent Q-TOF
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Normal Workflow – Setting Up Parameter Files and Processing Tasks Interactively
• If you are extracting SILAC or other isotope labeled data for 
differential analysis, select the corresponding modification with the 
“-mix” suffix. For more information about choosing modifications, 
click the blue bar labeled Modifications to access the online help. 

• Note that your system administrator can add custom modifications.

• If you are extracting MALDI MS/MS data, change the Sequence tag 
length to -1.

Otherwise, leave the default value. The sequence tag length represents 
the longest sequence of amino acids that can be located in the spectrum. 
The default of >0 for non-MALDI data removes most of the noisy spectra 
without removing good data.

• If necessary, change the Retention Time & m/z tolerance time range to 
be compatible with your chromatographic data.

For MALDI MS/MS data, change the time range to 2000 sec, or to the spot 
analysis time.

• For complex samples, keep the default selection for General MS/MS 
Merging Constraints. See the online help for descriptions of the other 
options.

If you suspect a large amount of chemical background noise, you may 
want to increase the MS Noise threshold.

• Set any other parameters. In general, you should use default values, and 
change only the parameters highlighted in red text. 

6 Click Save As to save the parameter file, enter a name and click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

7 Click Extract.

The extraction is submitted to the workflow manager to be executed. 

8 Click the Monitor Results link to monitor the extractor results, or the View 
Request Queue link to view and monitor tasks.
16 Spectrum Mill Workbench Application Guide
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Normal Workflow – Setting Up Parameter Files and Processing Tasks Interactively
Figure 3 Display while the raw file Data Extractor runs 

The exact display depends upon the type of file you extract. The Data 
Extractor extracts all files in the subdirectory. Extraction time varies 
depending on the number and size of the files. A message informs you when 
extraction is complete.

If, after extracting, you put other single tasks in the queue, one right after the 
other, such as MS/MS Search, Autovalidation and Protein/Peptide Summary, 
this process is called interactive automation.

To preprocess generic peak list files (e.g., Waters Micromass Q-Tof or 
MALDI-TOF-TOF or Agilent IM-Q-TOF data)
The generic data extractor processes peak list files, such as centroided peaks 
from Waters Micromass (Q-Tof) *.pkl and *.dta files, and most *.mgf files. 

If the *.pkl file came from IM-MS Browser, the generic data extractor gets the 
retention time (RT), drift time (DT), and optional collision cross section (CCS) 
values and writes them to the mzXML file. 
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1 Processing MS/MS Data Interactively
Normal Workflow – Setting Up Parameter Files and Processing Tasks Interactively
Because this data extractor operates on exported peak list files rather than 
raw files, it does not have access to chromatographic time information and 
mass information contained in MS precursor scans. This limits quantitation 
capabilities. Like the raw data extractor, the generic data extractor filters 
MS/MS spectra by quality and calculates spectral features.

1 Navigate to the Data Extractor page, shown in Figure 4.

Figure 4 Data Extractor for generic (peak list) files 

2 In the Data Directories section, click the Select... button to select the 
folder or folders that contain your files. The Data Extractor page changes to 
match Figure 4.

3 If you want the extraction to take advantage of all available processors, 
mark the check box for Maximize CPUs.

4 For concatenated *.pkl or *.mgf files, do not mark Generate spectral 
features file only. For *.pkl files of individual spectra that have been placed 
in a cpick_in subfolder, mark the check box.

This option appears when you select a directory that contains peak list files 
but no raw data file. When you have *.dta files, or *.pkl files that represent 
individual spectra, you put your files in the cpick_in folder, and then you 
must mark this check box. (When you have *.mgf files or appended *.pkl 
files, where each file contains multiple spectra, then you put your file in the 
root sample directory and you do not mark the check box.)

5 Select the instrument type you used for the analyses.
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This option only appears when you select a data directory with generic 
peak list files.

6 For most extractions, fill in the boxes as shown in Figure 4.

7 If you want to change other parameters, choose from the optional steps 
below. 

To find explanations of all the fields in a particular category, click the blue 
divider bar to bring up that category in the online help.

• Click the Choose... button to select the modifications that match the 
chemistry for your samples. 

• To view details about the modifications that are currently available on 
your server, click the Details button at the bottom right of the Choose 
Modifications dialog. 

• For more information about choosing modifications, click the blue bar 
labeled Modifications to access the online help. 

• Note that your system administrator can add custom modifications.

• If you are extracting MALDI MS/MS data, change the Sequence tag 
length to -1.

Otherwise, leave the default value. The sequence tag length represents 
the longest sequence of amino acids that can be located in the spectrum. 
The default of >1 for non-MALDI data removes most of the noisy spectra 
without removing good data. 

• Set the other parameters. In general, you should use default values, and 
change only the parameters highlighted in red text. 

8 Click Save As to save the parameter file, enter a name and click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

9 Click Extract.

The extraction is submitted to the workflow manager to be executed. 

10 Click on the Monitor Results link to monitor the extractor results, or the 
View Request Queue link to view and monitor tasks.
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Figure 5 Display while monitoring the results for a generic (peak list) extraction 

The Data Extractor extracts all files in the subdirectory. Extraction time 
varies depending on the number and size of the files. When monitoring results, 
a message informs you when extraction is complete.

If, after extracting, you put other single tasks in the queue, one right after the 
other, such as MS/MS Search, Autovalidation and Protein/Peptide Summary, 
this process is called interactive automation.

Step 2. Search in variable modifications mode

1 Navigate to the MS/MS Search page, as shown in Figure 6. 

2 Click the Select... button to choose the Data Directories where your files 
reside.

3 To load settings from an existing parameter file, click Load.

4 If you want the search to take advantage of all available processors, mark 
the check box for Maximize CPUs. 

If you search multiple directories (where the number is greater than the 
number of CPUs), it is best to not mark Maximize CPUs. Then the processes 
will appear more orderly in the Workflow Request Queue. In this case, the 
directories will be processed in parallel, up to the number of configured 
CPUs.

NOTE If you have not yet created a database, see “Manipulating sequence databases” on 
page 196.
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If you have only a single data file, Maximize CPUs is an effective tool for 
search (even though it is not effective for data extraction in this situation).

5 Set the Validation filter to spectrum-not-marked-sequence-not-validated.

6 Select a Database. 

If you want to search a species-specific subset database, select the database 
name for a subset database you previously created. 

If you have not yet created a species subset database, see “To create a 
species and protein molecular weight subset database” on page 201.

7 Click the Choose... button to select Fixed or Mix Modifications. 

8 Add any Variable Modifications that you wish to search, and click OK. 

• Note that when you select any variable modifications, the Search mode 
changes to Variable modifications.

• To view details about the modifications that are currently available on 
your server, click the Details button at the bottom right of the Choose 
Modifications dialog. 

• For more information about choosing modifications, click the blue bar 
labeled Modifications to access the online help. 

• Note that your system administrator can add custom modifications.
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9 From the Instrument list, select the correct instrument. 

10 To help limit false positives and allow FDR calculations when you review 
the data, verify that the check box for Calculate reversed database scores 
is marked. 

11 If you have ion trap data, decide whether to use Proton mobility scoring.

• In most situations, you mark this check box because this scoring 
refinement for ion trap data provides better results.

• But do not mark the check box if you have peptides that are modified by 
iTRAQ, lysine mass tagging, guanidination or phosphorylation, because 
these modifications change the expected fragmentation pattern.

12 To enable identification of short peptides (< 5 amino acids), mark the check 
box for Dynamic peak thresholding, which is a scoring enhancement that 

NOTE If you are not sure what variable modifications to choose, do a mass gap search to find the 
unknown modifications. See “To search in homology modes, or do a mass gap search” on 
page 48.
In a normal workflow you combine multiple variable modifications into a single search, but 
as the number of permutations increases, the search time increases and the number of 
hits decreases (as a result of FDR-based validation to limit the number of false positives). 
So the best strategy for a normal workflow is to use the variable modifications you think 
are present. Remember that the goal of a normal workflow is to obtain as much 
information as possible in a single round of processing.
You can add the following common modifications into the same search: oxidized 
methionine (methionine sulfoxide) and pyroglutamic acid.
If you suspect phosphorylation, add the following modifications into the same search: 
phosphorylated S, phosphorylated T, and phosphorylated Y.
Note that you can search only a single type of variable modification for a given amino acid. 
For example, you cannot select both guanidination and carbamylation of lysine as variable 
modifications within the same search. Metabolic modifications such as SILAC and 15N-mix 
are the exception, where you can select an additional fixed or variable modification that 
applies to the same amino acid. For example, if the SILAC modifies K, you can still select 
carbamylated lysine.
After you have determined all the necessary modifications, you then remove prior search 
results and search again with all needed modifications. This new search ensures that false 
discovery rate (FDR) calculations are accurate.
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enables identification of more low-abundance and short-chain peptides. 
(For most experiments, you clear this check box.)

13 To search the variable modification(s) that you chose in step 8 set the 
Precursor mass shift range to a value that is appropriate for the types and 
numbers of modification(s) that you are searching. Larger values may 
produce longer searches. 

14 Under Data Files, select the Fragmentation mode to match the one within 
the instrument settings.

For CID-only instruments, be sure to select All.

15 Set the other parameters. See Figure 6.

In general, you should keep the defaults except for the settings that are 
highlighted in red. Click the blue divider bars for more information in the 
online help.
Spectrum Mill Workbench Application Guide 23
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16 Click Save As to save the settings to the existing parameter file or a new 
one, enter a name and click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

17 Click Start Search.

The search is submitted to the workflow manager to be executed. 

Figure 6 MS/MS Search page, set up for variable modifications mode search
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18 Click on the Monitor Results link to monitor the search results, or the View 
Request Queue link to view and monitor tasks.

If the Maximize CPUs check box is marked, the first “monitor” displays the 
creation of the batch files for searches. At the bottom of those results, you 
can click links to monitor the search results.

19 When the search is complete, autovalidate high-quality results in the next 
step.

Step 3. Validate high quality results automatically
Validation means you accept that the database match is good. The Spectrum 
Mill workbench provides two ways to validate MS/MS search results. One way 
uses the Autovalidation page, and is totally automated. You use this method to 
validate high quality results. The other method uses the Protein/Peptide 
Summary page for manual review and validation. See “Reviewing and 
Validating Results Interactively” on page 76.

1 Navigate to the MS/MS Autovalidation page, as shown in Figure 7. 

You navigate to this page from the Spectrum Mill Home page, the MS/MS 
Search page or the Protein/Peptide Summary page.

When the page first appears, you see the Auto threshold strategy and the 
Peptide mode.
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Figure 7 Autovalidation of MS/MS Search results – Auto thresholds strategy/Peptide mode 

2 Select the Data Directories for which you want to validate results. 

3 If you want to use the settings from an existing parameter file, click Load.

If you are not sure of a field’s meaning, click the category divider bar for the 
section containing the field to see the online help explanation for the field.

4 Choose the Strategy for autovalidation and the Mode that suits your study 
best. (See Table 1.)
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Table 1 Choose the Autovalidation Strategy and Mode

Select this 
Strategy:

Select this 
Mode:

What happens: Pay attention to this:

Auto thresholds Peptide • Automatically optimizes the 
score and R1-R2 score 
thresholds until they reach a 
specified target FDR (false 
discovery rate)

• See the online help to learn 
more about the false 
discovery rate (FDR)

• Use this mode before the Protein Polishing 
mode.

• You may want to review the results before 
autovalidation again in the Protein polishing 
mode.

• 1.2% is set as the Target FDR instead of 1% 
because, in practice, a target FDR of 1.2% 
results in an actual FDR of 1%.

Protein polishing 
(optional)

• Part 1: Minimum protein score 
and “... raise minimum protein 
score to yield maximum 
protein FDR %”- Controls the 
maximum allowed protein 
FDR.

• Part 2: Peptide FDR for 
validated proteins % - 
Recalculates the peptide FDR 
based on validated proteins 
only. This recalculation 
usually increases the number 
of validated peptides, thereby 
increasing the sequence 
coverage of the validated 
proteins but leaving their 
number unchanged.

• Part 1 is accomplished by “unvalidating” 
peptides from the lowest-scoring proteins. 
Part 1 enables you to be aggressive with 
peptide level FDR thresholds in peptide 
mode and then remove suspicious proteins 
with Protein polishing.

Auto thresholds - 
Discriminant

Peptide • Automatically optimizes the 
discriminant score thresholds 
until they reach a specified 
global or local FDR

• In combining results from multiple searches 
(from successive iterations of the iterative 
workflow), it is preferable to use the local 
FDR rather than the global FDR. 

• The local FDR measures the error rate of an 
individual validated spectrum, while the 
global FDR measures the error rate of an 
entire set of validated spectra.

• Use this mode before the Protein Polishing 
mode.

• You must have searched your data using a 
Discriminant mode other than “Off”.
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5 After selecting a strategy and mode, change any parameter values you 
choose.

Agilent recommends that for Agilent Q-TOF .d data you select the Auto 
thresholds strategy and validate in the peptide mode first, then the protein 
polishing mode (Figure 8). See Chapter 1 of the Familiarization Guide for 
the recommended parameter values. You may want to try other strategies 
with other instrument data.

Protein polishing 
(optional)

• See the “What happens” 
description for protein 
polishing above.

• See the “Pay attention to this” description 
for protein polishing above.

Fixed thresholds Protein details • Summarizes results by protein 
and considers all the peptides 
that belong to a given protein 
by entering fixed score 
thresholds beyond which the 
matches are not validated.

• Individual peptides typically have scores > 6 
to 12; the cumulative protein score is 
typically > 20.

• You must use this mode before the peptide 
mode; Protein details is step 1 and Peptide 
mode is step 2.

• You can use the fixed thresholds strategy in 
an iterative workflow.

Peptide • Summarizes results by 
peptide by entering fixed 
score thresholds beyond 
which the matches are not 
validated. 

• Using the default scoring, individual 
peptides typically have scores greater than 
11 to 15 (depending on charge state). If the 
score is high enough, this mode validates 
the search results even if it finds only a 
single peptide corresponding to a protein.

• Use the Quality Metrics tool to determine 
the resulting FDR. 

• The Fixed thresholds strategy was the only 
strategy that was initially available. Agilent 
now recommends you use the Auto 
thresholds strategy.

Table 1 Choose the Autovalidation Strategy and Mode (continued)

Select this 
Strategy:

Select this 
Mode:

What happens: Pay attention to this:

NOTE Click the blue divider bar for Validation Parameters to learn more about the parameters for 
each strategy and mode.
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6 Click Save As to save settings to the original or a different parameter file, 
then click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

7 If you want to see results immediately, make sure the Queue Request check 
box is clear. If you want to queue the task as part of an interactive 
automation, mark the check box.

8 Click Validate Files.

If the Queue Request check box is clear, you quickly see a validation 
summary that lists the hits and spectra that have been validated. If it is 
marked, the task is submitted to the workflow manager to be executed. 

Figure 8 Autovalidation of MS/MS Search results – Auto thresholds/Protein polishing mode 
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Step 4. Examine the validated results for variable modifications 
mode

After autovalidating your results, you now have a choice of viewing different 
types of protein and peptide summary reports. See Table 2 on page 42. For a 
normal workflow review, however, we want to see a peptide report showing 
the site locations of the variable modifications.

1 Navigate to the Protein/Peptide Summary page.

2 Set Mode to Peptide - Spectrum Match. 

3 Click the Select... button to select the folder or folders that contain your 
data files. 

4 If you want to use the settings from an existing parameter file, click Load.

If you are not sure of a field’s meaning, click the category divider bar for the 
section containing the field to see the online help explanation for the field.

5 Set Validation and Sorting parameters as shown in Figure 9, or click Load 
to load a parameter file with these settings. These settings filter and 
present all the validated data. Note that only the settings highlighted in 
yellow have been changed from defaults.

6 Make sure the Filter Results by is set to valid and the Validation preset is 
set to none. 

7 To see the variable modifications grouped at the top and/or bottom of the 
results table, for Sort peptides by, select Delta Mass Shift.

8 If you want to see the variable modifications and/or amino acid 
substitutions, additionally mark the check boxes for Var mod sites, VML 
score, Delta mass, and Modification Names, as shown in Figure 9. 

• If the variable modifications occur on the N-terminus, C-terminus, or 
cysteines, also mark the appropriate check box(es) in the last column of 
the Review Fields.

• VML score assigns probabilities when there are multiple possible 
variable sites.

• To use the pI filter for modified peptides, ask your server administrator 
to first verify that the pK of the modified amino acid is specified in 
smconfig.std.xml or smconfig.custom.xml.

• To see a b/y map instead of a regular sequence, clear Sequence and mark 
the b/y check box.
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Figure 9 Settings to filter and keep valid results

9 Click Save As to save settings to the original or a different parameter file, 
then click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

10 If you want to see results immediately, make sure the Queue Request check 
box is clear. If you want to queue the task as part of an interactive 
automation, mark the check box.

11 Click Summarize. 

If the Queue Request check box is clear, you quickly see a protein/peptide 
summary table that lists the hits and spectra that have been validated. 
Queuing a summary is useful when you want the results saved to an html 
file that can be accessed via the Completion Log.

12 After this task is complete, make sure that you see a display similar to that 
shown in Figure 10. 

Note that the filenames are in the format Data_File_Name.aaaa.bbbb.c, 
where

• aaaa = first merged scan

• bbbb = last merged scan

NOTE Once you click the Summarize button, the button is disabled until the results appear. 
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• c = assigned precursor charge (0 means charge was ambiguous)

Figure 10 Protein/Peptide Summary report - Peptide Spectrum Match mode - first part

Note that the resulting data display includes the additional headings Variable 
Sites, Modifications Map, MH+ mass shift (Da), and MH+ error (ppm), as 
shown in Figure 10 and Figure 11. These columns summarize the variable 
modifications (and for homology modes the amino acid substitutions). The 
variable modifications are indicated as lower-case letters under Variable 
Sites.
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Figure 11 Additional columns identifying and locating the sites of selected variable modifications 

NOTE If you click the SPI (%) value for any hit, the standalone Spectrum Viewer appears. You 
must have marked the SPI (%) check box under Review Fields for this to be possible.
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Iterative Workflow – Alternative Interactive Processing 
With an iterative workflow, you extract the data, then do a series of searches 
and autovalidations and then summarize all the valid results. You use the 
normal workflow to identify most of the MS/MS spectra in one round. When 
you occasionally must obtain more information to help characterize the 
identified proteins, use an iterative workflow.

An iterative workflow is helpful when:

• You want to look for an atypical modification or you suspect a sample 
handling artifact that you do not usually consider.

• A variable modification has a particularly large delta mass, which would 
slow a search.

• You search a second database.

Overview
The Spectrum Mill workbench retains a cumulative summary of valid results, 
so if you elect to further process and validate the data, the software keeps 
track of all validation states for you. At the end, you can generate a report that 
contains everything you have validated through multiple 
interpretation/review/validation steps.

When you do iterative searches, the false discovery rate (FDR) is no longer 
accurate. So first determine what modifications are necessary. Use a mass gap 
or homology or additional variable modifications search to do that. Then do a 
new search that includes those modifications. The FDR from the new search 
will be correct.

To segregate the valid search results, the software keeps track of both the 
validation states of the spectra and their interpretations in a coordinated way. 
Furthermore, it permits spectra to be segregated according to quality (via 
Spectrum Summary) without regard to the validation states of their database 
interpretations. Because the software keeps track of which spectra you have 
segregated as “good” and which database interpretations you have designated 
as “valid,” you can intelligently apply processing steps to segregated groups of 
spectra. For example, you can:
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• Restrict further database searches to spectra that do not yet have a valid 
interpretation

• Restrict further database searches to only “good” spectra that do not yet 
have a valid interpretation

• Summarize only the valid results

Steps for iterative processing
The iterative data processing steps you choose depend upon your sample, the 
available information in the databases you search, and how important it is to 
extract all available information from a sample set. The steps shown below are 
just an example.

Step 1. Do additional searches and autovalidations

Possible iterative workflow steps are:

• Search saved results for other possible modifications.

• Do a mass gap search against saved results, to find unexpected 
modifications.

• Search an additional species. In this case, you do not search saved results. 
You must do a new search so the FDR calculations are accurate. 

• Search previous hits with a no-enzyme or half-enzyme (trypsin nonspecific 
C term or trypsin nonspecific N term) digest and review/validate results. 
See “To search in no enzyme mode” on page 47.

• Search a larger database in identity mode and review/validate results. In 
this case, you do not search saved results. You must do a new search so the 
FDR calculations are accurate. See “To search a larger database” on 
page 47.

• Search previous hits in homology mode and review/validate results. See “To 
search in homology modes, or do a mass gap search” on page 48.

• Check for remaining high-quality spectra. See “Step 2. Check for remaining 
high-quality spectra” on page 37. 

NOTE For accurate FDR, search all expected modifications in a single search. Mark Maximize 
CPUs in this situation.
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• Create a final results summary. See “Step 4. Summarize valid results” on 
page 41.

• Use Sherenga de novo sequencing on remaining high quality spectra and 
review results. See “To use Sherenga de novo sequencing” on page 50.

You can also manually interpret, review and validate the data if you wish to 
mine the data more deeply or to confirm autovalidation results. See 
“Reviewing and Validating Results Interactively” on page 76.

Search modes
The following modes are available for MS/MS Search:

• Identity: Matches MS/MS spectra to sequences directly created from the 
databases (no modifications)

• Variable modifications: Searches for variable modifications you have 
selected. This mode tests all permutations of the combined set of 
modifications, within the limits of the precursor mass shift that you specify.

• Homology - All mutations: Searches for matches that are consistent with a 
single amino acid substitution. The substitution does not need to be one 
that would result from a point mutation. If you have selected variable 
modifications for an amino acid, they are also tested. The search also 
matches to sequences of unmodified peptides.

• Homology - Single base pair mutations: Searches for matches that are 
consistent with a single amino acid substitution that would result from a 
point mutation (single base substitution within a codon). If you have 
selected variable modifications for an amino acid, they are also tested. The 
search also matches to sequences of unmodified peptides.

• For the two homology modes, you can enable a search that allows an 
Unassigned single mass gap. You can use this type of search to identify 
unknown or unexpected modifications. This search also matches to 
sequences of unmodified peptides. If you enable this mode, you cannot 
search for variable modifications in the same search.

Types of databases
You can run a variable modifications or homology mode search against a full 
database, a species-specific subset database, or a small database of proteins 
that have already been identified in your sample. To create a species-specific 
subset database, see “To create a species and protein molecular weight subset 
database” on page 201. The broader the database search, the longer the search 
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time. A search of previous hits is the most efficient.

If you search species-subset databases, you may want to run more than one 
variable modifications or homology mode search. For example, if you study 
proteins from a rare species, you may want to search first a species-specific 
subset database and second, a more general subset database.

Step 2. Check for remaining high-quality spectra
1 Navigate to the Spectrum Summary page. 

This page provides a convenient means to find good spectra that have not 
yet been interpreted.

One of the most useful measures of spectral quality is the maximum 
sequence tag length, which is the longest sequence of amino acids that can 
be located in the spectrum. The Spectrum Summary results show spectra 
annotated with the amino acid sequences that correspond with the 
maximum sequence tag lengths. These are not intended as de novo 
interpretations, but rather show how much sequence information could be 
contained in the spectra.

2 Set parameters similar to those shown in Figure 12, or click Load to load an 
existing parameter file. 

The steps below discuss important parameters.

Figure 12 Spectrum Summary page
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3 In the Data Directory section, click the Select... button to select the folder 
or folders that contain your data files.

4 Set the Spectrum validation filter as follows:

• If this is the first round of processing using the Spectrum Summary page, 
set to spectrum-not-marked-sequence-not-validated.

• For later rounds of processing (after you have already designated spectra 
as “good”), select one of the options that start with good-spectrum.

5 Choose one of the four choices for Validation preset:

• If you set Spectral Quality Filtering parameters such that poor spectra 
are likely to be excluded (for example, Sequence tag length > 7), select 
good-spectrum.

The Sequence tag length represents the longest sequence of amino acids 
that were located in the spectrum during data extraction. Larger 
numbers filter out more spectra, keeping those of best quality.

• Otherwise, select bad-spectrum or reset or none.

As you review the spectra later, you can select reset to undo a 
good-spectrum or bad-spectrum designation.

6 Select the desired Filter by: parameter and Fragmentation mode. 

7 Mark the MS L/H EIC intensity check box for additional information on 
ICAT and other isotopically labeled data. For more information, see “To 
view light/heavy results on the Spectrum Summary page” on page 143 of 
Chapter 5.

8 Click Save Settings if you want to save the parameters.

9 Click Summarize. 

10 Check that you see a display similar to the one shown in Figure 13.

Note that the filenames are in the format Data_File_Name.aaaa.bbbb.c, 
where

• aaaa = first merged scan

• bbbb = last merged scan

NOTE Once you click the Summarize button, the button is disabled until the results appear. If you 
need to re-enable the button, click the Summary Settings button to reload the Spectrum 
Summary page.
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• c = assigned precursor charge (0 means charge was ambiguous)

Figure 13 Spectrum Summary results 

11 Now examine the spectra. The Spectrum Viewer, shown at the top left of 
Figure 13, automatically displays the first spectrum. To display others, click 
a link under the # or Longest Sequence Tag headers, or click the Up or 
Down button at the top of the page. 

• If you click a link under the # header or the Up or Down button, the 
spectrum is displayed at the top left of the page. 
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• If you click a link under the Longest Sequence Tag header, the spectrum 
is displayed in a new window.

• For more details about manipulating the spectral display, see “To use the 
Spectrum Viewer” on page 83 of Chapter 2.

12 After you review each spectrum, designate each one as “good” or “bad,” or 
“reset.” Use either the drop-down list under the Validation category 
heading, or the good-spectrum, bad-spectrum, and reset buttons near the 
top of the page.

13 Click Update to save your designations for future reference.

If at any point you wish to change parameters and create a new summary 
table, click the Summary Settings button to start over.

NOTE If you find you have designated spectra as “good” or “bad” in error, and you have already 
clicked the Update button, you can undo the action. Change the designation(s) to Reset 
and click the Update button again.
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Step 3. Make a decision regarding further processing
1 After you use the Spectrum Summary page, assess whether you still have a 

lot of good spectra that lack valid interpretations and decide whether you 
want to further process the data.

If you do not wish to further process the data, summarize the valid results.

2 If you do wish to further process the data, decide how much you wish to do. 
The possible next steps are: 

a Search for additional variable modifications

b Search in no enzyme mode against previous protein hits. (See “To search 
in no enzyme mode” on page 47.)

c Search in one of the homology modes against previous protein hits (See 
“To search in homology modes, or do a mass gap search” on page 48.)

d Search a larger database. (See “To search a larger database” on page 47.)

3 Process the data with one or more of the choices above.

4 If you do not wish to further process the data with the above choices, create 
a final results summary. See “Step 4. Summarize valid results” on page 41.

5 Continue with manual review and validation, if you choose. (See “Reviewing 
and Validating Results Interactively” on page 76.)

Step 4. Summarize valid results
At this point you summarize all the valid results. 

1 If you have been using links to examine the data, click the Summary 
Settings button to display the settings at the bottom of the page.

2 Make sure that your data folder is still selected. (Note that if the Validation 
preset is set to none, some data display modes permit selection of multiple 
directories.)

3 Select the data display mode that organizes data in the best way for your 
study, or click Load to load an already existing parameter file that includes 
the display mode and other parameters you want.

Use the following table as a guide. Note that display modes determine which 
other options are available. 
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4 In some modes, you have the option to display results by file or directory. 
Decide how you want to display data and select the Group results by option 
accordingly.

Table 2 Protein/Peptide Summary Modes

If you want to: And you want results 
organized by:

Then use this mode: Example application

Validate results Peptides Peptide - Spectrum 
Match

Manual review and validation of MS/MS search 
results, organized by peptide

Proteins, then peptides Protein Summary 
Details

Manual review and validation of MS/MS search 
results, organized by protein

Summarize results 
by proteins

Proteins, then samples Protein-Protein 
Comparison

Compare two or more samples, each of which 
may contain multiple fractions.

Proteins, then peptides Protein Summary 
Details

View proteins, with supporting peptide details

Summarize results 
by peptides

Peptides only Peptide - Spectrum 
Match

List of all peptides identified in the data

Peptides, then samples Protein-Peptide 
Distribution Columns

Method development (evaluation of 2D 
LC/MS/MS or other fractionation scheme)

Rows: peptides 
clustered by protein
Columns: samples

Protein-Peptide 
Comparison 

Table of distinct peptides, case-insensitive (CI). 
Collapse all peptide spectrum matches (PSMs) 
that contain same peptide into one row. Combine 
quantitation for each peptide: median of all 
PSMs.

Distinct peptides only Peptide-Distinct Provides filtering options to view peptides with 
variable modifications. Collapse peptide list to 
best-scoring representative PSM per distinct 
peptide.

Summarize results 
by variable 
modification sites

Rows: variable 
modification sites 
clustered by protein
Columns: samples

Protein - Var Mod 
Site Comparison

Compare variable modifications across samples. 
Provides table of phosphorylation sites. Collapse 
all PSMs that contain same phosphorylation site 
into one row. Combine quantitation for each site: 
median of all PSMs.

View a list of 
proteins identified 
via a single peptide

Peptides only Protein-Single 
Peptide ID

Examination of results where a single peptide 
was used to generate a protein identification 
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• If you want to summarize all data files in the directory as a single 
sample, select Directory. This is useful when the samples in your 
directory are salt fractions from a 2D LC/MS/MS analysis or spots from a 
2D gel, and you want to summarize fractions or spots as a single sample.

• If you want to display results individually for each sample in the 
directory, select File.

5 Mark DEQ ratios to display ratios for differential expression quantitation 
for ICAT and SILAC reagents, or mark Report ratios for iTRAQ and TMT 
data. See Chapter 5 for details.

6 Set the remaining parameters as shown in Figure 14, or use your 
customized settings. Note that in Figure 14, only the settings highlighted in 
yellow have been changed from defaults.

See the online help for descriptions of all the fields.

Figure 14 Example of settings to summarize all valid results

7 Click Save As to save settings to the same or different parameter file, then 
click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

8 If you want to see results immediately, make sure the Queue Request check 
box is clear. If you want to queue the task as part of an interactive 
automation, mark the check box.

9 Click Summarize. 
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If the Queue Request check box is clear, you quickly see a protein/peptide 
summary table that lists the hits and spectra that have been validated. 
Queuing a summary is useful when you want the results saved to an html 
file that can be accessed via the Completion Log.

10 Check that you see a summary display. 

The display shown in Figure 15 was generated with the settings shown in 
Figure 14. The score and % SPI filters were set to zero to capture all data 
marked valid.

Figure 15 Summary of valid results- comparison of two samples

The example in Figure 15 includes two yeast samples. The summary results 
allow you to compare the proteins in the two samples, to see which are 
up-regulated and which are down-regulated in the cells.
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The color-code in the left columns represents the relative protein 
concentrations. Dark red is highest, orange is intermediate, and yellow is 
lowest. The top number in each cell is the number of peptides detected for 
each protein, while the bottom number is the mean peptide intensity. The 
mean peptide intensity is an average of the intensities for all the peptides 
assigned to that protein. The peptide intensities are calculated from 
extracted ion chromatograms from the precursor ions.

These intensity results are sufficient for studies where you are interested in 
sample differences of two-fold or more.

11 To import data into Excel or MPP or LIMS:

a Mark the Excel or MPP export check box.

You can add this change to the parameter file, or not.

b Click Summarize.

c Check that you see a display with two buttons, as in Figure 16. At this 
point, a new file with extension *.ssv has been created. You can import 
this file into Excel or upload it to a LIMS system (if configured by your 
system administrator), or display it on your screen.

d Do one of the following:

• To import the data into Excel, import as semicolon-delimited data.

• To import the data into MPP, use the MPP Generic Data Import or MPP 
APR export (Agilent data only). With MPP APR export, if you have 
multiple sample folders, each with multiple fraction data files (.d 
folders), for Group columns by, select Directory.

• To upload to LIMS, see the Server Administration online help. 
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Figure 16 Display when you mark the Excel export check box

12 To print results, use your browser’s print function: 

a Click File > Page Setup, and mark the check boxes for Print background 
colors and images and for Landscape.

b Click OK.

c Click in the results frame.

d Select File > Print Preview.

e At the top of the Print Preview window, select Only the selected frame.

f Click the Print... button.

NOTE To export results into HTML or PowerPoint files, see the Frequently Asked Questions 
section of the online help. 
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To search in no enzyme mode
1 Navigate to the MS/MS Search page.

2 Fill in the search page as described in “Step 2. Search in variable 
modifications mode” on page 20, except: 

• Mark the check box to Search previous hits.

• Set Digest to No enzyme. 

• To reduce the memory impact of each batch search in No enzyme mode, 
set the Batch size to 20 or less.

3 Run the search.

4 Use the Autovalidation page and the Protein/Peptide Summary page to 
review and validate results. Follow instructions on page 25 through 
page 41.

To search a larger database
1 Navigate to the MS/MS Search page.

2 Fill in the search page as described in “Step 2. Search in variable 
modifications mode” on page 20, except select a different database this 
time.

If you first searched a species subset database (e.g., human), search a larger 
subset (e.g., mammals). This is most important when the original 
subspecies is not well-represented in the database. 

3 Run the search.

4 Use the Autovalidation page and the Protein/Peptide Summary page to 
review and validate results. Follow instructions on page 25 through 
page 41.
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To search in homology modes, or do a mass gap search
1 Follow the instructions in “Step 2. Search in variable modifications 

mode” on page 20, but make these substitutions depending on what you 
want to do:

• To search for matches that are consistent with a single amino acid 
substitution that would result from a point mutation (single base 
substitution within a codon), select Homology - Single base pair 
mutations. This mode also searches for any variable modifications you 
have selected.

• To search for matches that are consistent with a single amino acid 
substitution, where the substitution does not need to be one that would 
result from a point mutation, select Homology - All mutations. This 
mode also searches for any variable modifications you have selected.

• To search for an unknown or unexpected modification, select one of the 
homology modes described above, then click Unassigned single mass 
gap. This search looks for an unexpected modification (a mass gap) or an 
amino acid substitution (but not both within the same peptide). Note 
that you cannot simultaneously search variable modifications in this 
mode. 

2 If you do a homology mode search, autovalidate and review results as 
described in “Step 3. Validate high quality results automatically” on page 25 
and in “Step 4. Summarize valid results” on page 41 

Or you can create a peptide report with modifications fields selected; see 
“Step 4. Examine the validated results for variable modifications mode” on 
page 30. 

Autovalidation is not recommended for the homology modes with the Fixed 
threshold strategy because of the increased possibility of false positives 
when so many permutations are considered. But using the Auto threshold 
strategies (including discriminant) is fine because the FDR automatically 
adjusts thresholds as the search space gets larger and larger.
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NOTE If you attempt a homology search against a large database, the search will take a very long 
time and the chance of random matches will increase. If at all possible, conduct a 
homology search against a file of previously validated hits. Or select Search previous hits 
in the MS/MS Search page. If a file of previously validated results has not yet been 
created, the program will automatically create the file when the search starts.
Depending on the size of the data and the database, it may also be necessary to reduce 
the Batch size for the search. Do this to avoid out-of-memory problems due to the 
increased number of hits.
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To use Sherenga de novo sequencing
Sherenga de novo sequencing is useful as a first step in manual spectral 
interpretation, or as a confirmation of MS/MS Search results. This section 
describes briefly how to use the Sherenga de novo sequencing software. For 
additional details and background information, see Chapter 5.

1 Navigate from the Spectrum Mill home page to the Sherenga de novo 
Sequencing page, shown in Figure 17.

Figure 17 Sherenga de novo Sequencing page

2 To use an already existing parameter file, click Load.

3 Set the Validation filter:

• If you took the time to designate your spectra as “good” or “bad,” as 
described in “Step 2. Check for remaining high-quality spectra” on 
page 37, set the Validation filter to 
good-spectrum-sequence-not-validated. This ensures that only the 
uninterpreted spectra you designated as “good” are sequenced.
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• Otherwise, set the Validation filter to 
spectrum-not-marked-sequence-not-validated.

4 Click the Select... button to select the data directory where your files 
reside.

5 Click the Choose... button to select the modifications that match the 
chemistry for your samples.

6 Under Sequencing Parameters, for Scoring, select your instrument.

7 Set the other parameters. Click the blue divider bars for more information 
in the online help.

8 To save the settings to a parameter file click Save As.

You can use these parameter files for workflow automation.

9 Click Sequence.

10 After clicking Monitor Results, check that you see a display similar to that 
shown in Figure 18. The sequencing program processes the entire directory. 
A message alerts you when processing is complete.

Figure 18 Display while Sherenga runs 
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To review Sherenga de novo sequencing results
1 Click the de novo Summary button to navigate from the Sherenga de novo 

Sequencing page to the Sherenga de novo Summary page.

2 Check that you see the page shown in Figure 19. 

Figure 19 Sherenga de novo Summary page

3 You should generally keep the default settings, but if you want to load a set 
of different parameters, click Load to load a parameter file.

4 If you change any settings, click Save As to save the new settings to an 
existing parameter file or a new one.

5 Click Summarize. 

6 Check that you see a display like that shown in Figure 20.

Note that the filenames are in the format 
Data_File_Name.aaaa.bbbb.c.pkl.txt, where

• aaaa = first merged scan

• bbbb = last merged scan

• c = assigned precursor charge (0 means charge was ambiguous)
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Figure 20 Sherenga top-level report

7 Review Sherenga results:

a Click a link under the Filename header. Check that you see the Spectrum 
Viewer as shown in Figure 21 and detailed Sherenga results as shown in 
Figure 22. The detailed results list multiple Sherenga interpretations for 
the same spectrum. The most probable interpretation (Sherenga 1) is 
initially displayed at the top of the Spectrum Viewer.

b Click the Rank arrow buttons shown in the lower right-hand corner of 
Figure 21 to navigate through the de novo possibilities. See “To use the 
Spectrum Viewer” on page 83 of Chapter 2 for more details. 
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• If you see an MStag 1 sequence at the top of the Spectrum Viewer, first 
click the Sherenga 1 sequence and make sure the Sherenga sequence 
turns from gray to white background. Then click the Rank arrow 
buttons.

c To display a user-defined sequence above the spectrum, type the 
sequence in the box to the left and then click the Go button.

d Scroll below the display shown in Figure 22 to view details of the 
Sherenga interpretation.

Figure 21 Spectrum Viewer with Sherenga results 

Figure 22 Detailed Sherenga results 
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8 Compare Sherenga results with MS/MS Search results. When database 
search results are available, the software displays them along with the 
Sherenga interpretations, so you can compare the Sherenga and MS/MS 
Search sequences. When MS/MS Search results exist, the database sequence 
(labeled MSTag 1) is displayed just above the Sherenga sequence (labeled 
Sherenga 1). The latter is shown at the top of Figure 21.

To use the Spectrum Matcher
You use the Spectrum Matcher to search unknown spectra against another set 
of library spectra on the Spectrum Mill server. The library spectra may reside 
in a Collections directory, or any other data directory on the server.

You can also use Spectrum Matcher to compare spectra acquired with 
different acquisition methods to evaluate any improvements, and to evaluate 
the quality of spectra using the spectral quality filters.

To create a library in your collections directory, see “To copy spectra to your 
collections directory” on page 190.

To search the spectra
1 On the Spectrum Mill home page, click the Spectrum Matcher link. 

2 Check that you see the page shown in Figure 23.

3 Set the Search mode to either Identity or Precursor mass shift.

• An Identity search generates a specMatcherSummary.ID.#.txt file.

• A Precursor mass shift search generates a specMatcherSummary.HM.#.txt 
file. After the search completes, you can return to the Spectrum Matcher 
page and click Mass shift histogram from last search to generate a 
Parent Shift Histogram that lists the number of times each parent shift 
was observed.

4 Click Select to select the Query Set data directory; then click Select to 
select the Library Set data directory. 

5 Fill in the options. They are self-explanatory or are explained in the online 
Help. 

6 Click the Match button.
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7 If you have a large data set and you see an error that the CGI input string is 
too long, use the Search result files box under Query Set to search a subset 
of the file names. 

For example, you can search just a single data file, typed into the Search 
result files box.

8 After time for processing, check that you see results like those shown in 
Figure 24 (which shows results of an Identity search). 

Figure 23 Spectrum Matcher 
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Figure 24 Spectrum Matcher results 

To examine the results
Click the links in the report to view and compare the spectra:

• Click a number link on the left side of the report to view both the query 
spectrum and the library spectrum in side-by-side Spectrum Viewer 
windows at the bottom of the page.

• Click a query file link to view the query spectrum in the Spectrum Viewer 
at the bottom left side of the page.

• Click a library file link to view the library spectrum in the Spectrum 
Viewer at the bottom right side of the page.

You cannot view these results with the Protein/Peptide Summary page.
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In this chapter you learn in detail how to review and validate database search 
results from MS/MS analyses of peptides and protein digests. Validation 
means that you accept the database search results for a particular MS/MS 
spectrum or group of spectra.

The Spectrum Mill workbench provides a means to segregate search results 
that contain a valid interpretation of an MS/MS spectrum from those that do 
not. You can then subject results that are not validated to subsequent rounds 
of searches (against other databases or in variable modifications mode, for 
example). You can summarize results that are validated in a results table.

To segregate the valid search results, the software keeps track of both the 
spectra and their interpretations in a coordinated way. Furthermore, the 
software permits spectra to be segregated according to quality (via Spectrum 
Summary) without regard to the validation states of their database 
interpretations. Because the software keeps track of which spectra you have 
segregated as “good” and which database interpretations you have designated 
as “valid,” you can intelligently apply processing steps to individual groups of 
spectra. 

In this chapter, you learn how to use the MS/MS Autovalidation page to 
quickly validate the search results with high scores. You learn how to use the 
Protein/Peptide Summary page to manually review and validate search results 
that have not been autovalidated. You learn how the various Protein/Peptide 
Summary data displays are organized to provide insight into different types of 
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scientific problems. You also learn how to manipulate results in the Spectrum 
Viewer, an indispensable tool to visualize the sequence information contained 
in MS/MS spectra.

If you want a quick introduction to this subject matter, without a lot of details, 
see the relevant sections of Chapter 1, “Processing MS/MS Data Interactively”.
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Setting Up Autovalidation
Automatic results validation saves time and lets you use different threshold 
strategies to meet the data quality needs of your experiment. 

Step 1. Select Data Directory and/or parameter file
1 Navigate to the MS/MS Autovalidation page, as shown in Figure 25. 

You navigate to this page from the Spectrum Mill Home page, the MS/MS 
Search page or the Protein/Peptide Summary page.

Figure 25 Default Autovalidation page: Auto thresholds strategy - Peptide mode

2 Select the Data Directory for which you want to validate results. 

3 To use an already existing set of parameters, click Load.
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Step 2. Select the Strategy and Mode to autovalidate results
For more detailed explanations of the strategies/modes and false discovery 
rate (FDR), click the Validation Parameters blue bar.

To use the Auto thresholds strategy 

You can use this strategy in a normal workflow, but not an iterative one. After 
validating in peptide mode first (always first), you have the option of refining 
the validation with the Protein polishing mode.

Peptide mode This strategy optimizes the score threshold and the delta R1-R2 
threshold to reach a target FDR.

1 Select the Peptide mode, if necessary. (Figure 25)

2 Type in a new max FDR if necessary.

1.2% was chosen because it typically produces an actual FDR of 1%. 

3 Select a filter of interest.

4 Move to “Step 3. Save parameters and validate data” on page 68.

Protein polishing mode (optional) This strategy optimizes the score threshold 
and the delta R1-R2 threshold to reach a target FDR. Use this mode to remove 
suspicious proteins only after you have autovalidated in Peptide mode. 

1 Select the Protein polishing mode. (Figure 26)

2 Change the parameters as you intend.

A Minimum protein score of 0 and a maximum protein FDR of 1.0% is 
typically used for Agilent Q-TOF data. 

See the Online Help for explanations of each field.

3 Move to “Step 3. Save parameters and validate data” on page 68.
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Figure 26 Auto thresholds strategy - Protein polishing mode 

To use the Auto thresholds - discriminant strategy 
You can use this strategy in either a normal workflow or an iterative one. It is 
typically used in an iterative workflow. After validating in peptide mode first 
(always first), you have the option of refining the validation with the Protein 
Polishing mode.

To use this strategy, the data must have been searched with Discriminant 
scoring set to a valid discriminant coefficients file.

Peptide mode This strategy optimizes the discriminant score thresholds until 
a target FDR is reached.

1 Select the Peptide mode. (Figure 27)

2 Click Local, and type an FDR %.

The Auto thresholds - discriminant strategy with Local FDR % marked in the 
Peptide mode is the only Auto thresholds strategy that can be used in iterative 
workflows. You cannot use this strategy with Global % marked in an iterative 
workflow.

3 Move on to “Step 3. Save parameters and validate data” on page 68.
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Figure 27 Auto thresholds - discriminant strategy - Peptide mode 

Protein polishing mode (optional) This strategy optimizes the discriminant 
score threshold and the delta R1-R2 threshold to reach a target FDR. Use this 
mode to remove suspicious proteins only after you have autovalidated in 
Peptide mode. 

1 Select Protein polishing mode. (Figure 28) 

2 Change the parameters as you intend.

A Minimum protein score of 0 and a maximum protein FDR of 1.0% is 
typically used for Agilent Q-TOF data.

3 Move on to “Step 3. Save parameters and validate data” on page 68.

Figure 28 Auto thresholds - discriminant strategy - Protein polishing mode

To use the Fixed thresholds strategy 
This strategy summarizes results by protein and peptide, uses fixed thresholds 
for validation and can calculate a false discovery rate (FDR) using reversed 
hits. If you want the program to calculate an FDR using reversed hits, you 
must have marked the Calculate reversed database scores check box on the 
MS/MS Search page.

The two modes for this strategy are Protein details and Peptide. For high 
quality results you autovalidate first with Protein details mode and then with 
Peptide mode. These are not optional steps. 
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You can use both of these modes in an iterative workflow.

While you can use the Fixed thresholds strategy, the Auto thresholds strategy 
is preferred, especially if you want to validate using FDR.

Protein details mode Using this mode is the first step in a complete validation.

• In the Protein details mode, the software summarizes results by protein, 
and considers all the peptides that belong to a given protein.

• Using the default scoring, individual peptides typically have scores greater 
than 6 to 12 (depending on charge state), and the cumulative protein score 
typically is greater than 20.

1 Select Protein details mode (Figure 29 on page 66).

2 Change the Minimum protein score if necessary.

3 If the data files from a single sample occupy multiple directories, mark the 
check box for Group proteins across all directories.

4 If you intend to filter the data, click Fixed precursor mass error and type 
in the limits.

5 Change the Protein Rules thresholds, if necessary.

6 Move on to “Step 3. Save parameters and validate data” on page 68.

Peptide mode For this strategy, using Peptide mode is the second step for a 
complete autovalidation. You can also use this mode in an iterative workflow.

• In this mode, the software summarizes results by peptide. Even if it finds 
only a single peptide that corresponds to a protein, it validates the search 
results if the peptide score is high enough.

• Using the default scoring, individual peptides typically have scores greater 
than 11 to 15 (depending on charge state). This score threshold is higher 
than in the Protein details mode, where you have the additional assurance 
of knowing you have identified more than one peptide per protein.

1 Select the Peptide mode (Figure 30 on page 67). 

2 Enter abbreviations for the amino acids you intend to allow or disallow.

3 Select filters you intend to use.

If you wish to autovalidate only the peptides in a given pI range, select Auto 
OGE/IEF Peptide pI, or select Filter Peptide pI and type in a pI range.
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If you ran an OFFGEL fractionation, and the data files from all pI fractions 
are in the same directory, then use the Search result files filter to select 
the specific file(s) for which that pI range applies. 

4 Change the Peptide Rules, if necessary.

5 Move on to “Step 3. Save parameters and validate data” on page 68.

Figure 29 Fixed thresholds strategy - Protein details mode

NOTE If you wish to use the pI filter for modified peptides, ask your server administrator to first 
verify that the pK of the modified amino acid is specified in smconfig.std.xml or 
smconfig.custom.xml. 
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Figure 30 Fixed thresholds strategy - Peptide mode
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Step 3. Save parameters and validate data
Before you validate data, you can choose to save any parameters you changed 
to the same or different parameter file and you can choose to place this 
command in the queue.

1 To save the settings you changed to a parameter file, click Save As, name 
the file, then click Save.

This file can now be used as a task in workflow automation.

2 To delay execution of the command or have it be part of the interactive 
automation process, mark Queue request to place the command in the 
queue.

To see results right away, do not mark Queue request.

3 Click Validate Files.

You see a validation summary that lists the hits and spectra that have been 
validated.

4 If you have completed autovalidation, move on to “Setting Up the 
Protein/Peptide Summary Page” on page 69.

If you intend to autovalidate with the second mode in a strategy, repeat 
“Step 2. Select the Strategy and Mode to autovalidate results” on page 62 
with the second mode.

• Auto thresholds strategy - “Protein polishing mode (optional)” on 
page 62

• Auto thresholds - discriminant strategy - “Protein polishing mode 
(optional)” on page 64

• Fixed thresholds strategy - “Peptide mode” on page 65
68 Spectrum Mill Workbench Application Guide



Reviewing and Validating MS/MS Data 2
Setting Up the Protein/Peptide Summary Page
Setting Up the Protein/Peptide Summary Page
To set up the Protein/Peptide Summary page, you select options in three 
categories:

• Summarize Results for Review - Select data directory and results display 
mode.

• Validation and Sorting - Select validation, sorting and filtering options.

• Review Fields - Mark check boxes to choose columns to include in the 
report.

Then you click the Summarize button to summarize results.

Step 1. Set data directory and mode
1 Navigate to the Protein/Peptide Summary page.

2 Click the Select... button to select the data directory where your files 
reside. 

3 To upload a set of existing parameter values, click Load.

4 Click the Mode drop-down list and select one of the summary modes shown 
in Figure 31. Use Table 2 on page 42 to guide you. 

Figure 31 Selecting the data display mode 

“Classic” modes from some previous releases Modes from this release

NOTE If you updated from Spectrum Mill B.04.01 or prior, and you want to configure the “classic” 
data display modes shown on the left of Figure 31, see the help for Spectrum Mill Server 
Administration. The current modes are shown on the right.
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For more details on the displays, see “Protein/Peptide Summary Displays” on 
page 90.

Step 2. Set filtering, sorting, and validation parameters
In this step, you determine which data are displayed, how the data are sorted, 
and the initial validation state of the data. As you set parameters in this 
section, it is useful to keep in mind the following:

• Filters limit the data that is viewed. For example, they can be used to 
show only results where search scores exceed a chosen value.

• Sorting parameters determines the order of the data that is viewed. 

• Validation presets determine the initial settings of the validation states 
for the data that is viewed. You can always change these presets after you 
review the data. They are not made a permanent part of the data record 
at this point. 

• A validation state represents your judgment as to whether a particular 
data interpretation (e.g., a search result) is satisfactory.

Figure 32 Validation, sorting and filtering parameters - Protein Summary Details mode 
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• Set the validation, sorting, and filtering parameters (Figure 32). 

To set these parameters, refer to the instructions below and the Online 
Help by clicking the Validation and Sorting blue bar.

Note that the specific options that are available depend upon the mode you 
selected earlier.

• Select the Filter results by validation filter to determine which data are 
displayed: sequence-not-validated, valid, 
good-spectrum-sequence-not-validated or all. 

• Select the Validation preset to determine how you categorize your data 
upon initial display: none, valid, reset or status. 

• Select the Protein-grouping method to determine how proteins are 
grouped in certain protein summary modes: 1 shared peptide or 1 
shared peptide, expand subgroups. 

• From the Sort proteins by list, select a data sorting method for your 
report. 

Choices include score, number of peptides, protein molecular weight, 
category and function.

• Set a Filter by protein score. 

Scores >15-18 almost always represent valid results for Q-TOF data. 

• From the Sort peptides by list, select a sorting method. 

Note that when you sort by accession number, the sort is alphabetical 
rather than numerical. This is because some databases do not have 
strictly numeric accession numbers.

• Set a Filter by peptide score. 

For ion trap data, peptide scores greater than 13 almost always 
represent valid results. Scores below 6 generally represent poor results. 
For Agilent Q-TOF data, you search with a narrower mass tolerance; so 
there is a better chance that lower-scoring results are valid. It is not 
unusual for a score of 5 to represent a valid result, but only if the peptide 
is short or in low abundance.

• Set a %SPI, or filter for scored peak intensity. 
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For ion trap data, values greater than 70 (or 60% for doubly-charged 
precursor ions) generally represent high-quality results. For Agilent 
Q-TOF spectra, % SPI below 60 may represent a poor interpretation. The 
lower the value, the greater the likelihood that the MS/MS spectrum 
contains significant peaks not explained by the database search results.

• If you have already validated the data and wish to see all valid results, 
instead of using the settings in the three bullets above, set these filters all 
to 0: Filter by protein score, Filter by peptide score, and % SPI.

• From the Required AAs list select the amino acid(s) that must be 
present in the peptides that are shown. To disable, select any.

• From the Disallowed AAs list select the amino acid(s) that cannot be 
present in the peptides that are shown. To disable, select none. 

• Type a range of peptide pI values. Mark All to ignore the range.

This field appears only when you have marked Peptide pI in the Review 
Fields.

• Type or paste a list of accession numbers in various formats 
(space-separated, separated by ‘|’, comma-separated, etc.). To disable, 
leave the box blank.

Step 3. Choose review fields
In this step you mark the check boxes for data you wish to display. 

Click the Review Fields blue bar to see the descriptions of all the review fields 
for every data display mode.

NOTE Filters that are more stringent produce higher confidence results. Set the score filters in a 
way that makes sense for your study. For some studies, it may be better to provide fewer 
results, albeit with greater probability of being correct. For others, it may be better to 
provide more results and take the risk that some false positives could be reported. 
Your system administrator can configure the options for Required AAs and Disallowed 
AAs.
If you wish to use the pI filter for modified peptides, ask your server administrator to first 
verify that the pK of the modified amino acid is specified in smconfig.std.xml or 
smconfig.custom.xml. 
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Note that some fields are unavailable in certain data display modes. For 
example, fields that pertain only to peptides are available only in the modes 
that display peptide data.

Figure 33 Fields for display in Peptide - Spectrum Match page 

1 Choose from items shown in Figure 33. 

The marked check boxes are ones you would typically use.

2 Mark any others that suit your experiment.

Here are instructions for changing a few.

• Mark Fwd-Rev score to see the difference between scores for top hits 
from forward and reversed database searches. 

If you obtain similar scores for both searches, there is an increased 
likelihood of an incorrect assignment. 

• Mark Rank 1-2 score to see the difference between rank 1 and rank 2 
database search scores.

• Mark Var mod sites, VML score and/or VML sequence to display sites of 
variable modifications and amino acid substitutions, the sequences 
around the sites, and the scores.

• Mark Peptide pI to display peptide pI and enable filtering by peptide pI.

• Mark DEQ ratios to calculate and display ratios for differential 
expression quantitation, such as light/heavy ratios for ICAT reagents or 
other reagents that use isotopic labels. 

See “To calculate DEQ ratios for isotopic labels using the Protein/Peptide 
Summary page” on page 136 of Chapter 5.
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• Mark Reporter Ratios and from the iTRAQ/TMT list select the tag type 
used for quantitation. Mark Intensities to display intensities for the 
marker ion masses.

• Mark Ratios control, then from the Ratios control list, select the control 
ions to use for ratio calculations. To select multiple control ions, select 
using the Ctrl key.

• Mark Fragmentation mode to show which fragmentation mode, for 
example, collision-induced dissociation (CID) or electron transfer 
dissociation (ETD), was used for searching the results.

Step 4. Select Protein Quantitation Options
• Select one or more of the options in Figure 34 in order to filter out data for 

protein quantitation.

Note that the third option appears only when you mark the DEQ ratios 
check box in the Review Fields panel.

For complete descriptions of each of these options, click the Protein 
Quantitation Options blue bar.

Figure 34 Protein Quantitation Options when DEQ ratios are marked in Review Fields 

Step 5. Save parameters and summarize data
Before you summarize data, you can save the changed parameters, place the 
command in the queue and/or choose to export the summarized data to an 
Excel spreadsheet or indirectly to a MassHunter database.

1 To save the settings you changed to a parameter file, click Save As, name 
the file, then click Save.

This file can now be used as a task in workflow automation.
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2 To delay execution of the Summarize command or to place the command in 
a queue to execute later as part of interactive automation, mark Queue 
request.

3 In some modes, you may export data. To export protein or peptide data to 
an Excel spreadsheet, mark Excel export, or

To export peptide data indirectly (through a CSV file) to an AMRT 
(Accurate Mass and Retention Time) database, mark AMRT export.

To export protein results to Mass Profiler Professional, choose the 
Protein-Protein Comparison mode, and select MPP Generic export or MPP 
APR export. MPP APR export is supported only for data acquired with 
Agilent instruments.

Which option is available depends on the data display mode. 

Instead of check boxes, Protein-Protein Comparison mode has a drop-down 
menu that includes:

• No export

• Excel export

• MPP Generic export

• MPP APR export

4 Click Summarize to display results in tabular format.
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Reviewing and Validating Results Interactively
After you have completed a workflow of searches and autovalidations you can 
manually check to see if lower quality results are, in fact, valid.

To display results in preparation for manual validation
1 Navigate to the Protein/Peptide Summary page. If this page is already open, 

click the Summary Settings button to display the parameter settings at the 
bottom of the page.

2 Make sure Mode is set to Peptide - Spectrum Match.

3 If your Data Directories are not selected, click the Select... button to select 
the folder or folders that contain your data files.

4 Set parameters for Validation and Sorting as shown in Figure 35. These 
settings locate results that have not yet been validated. See the following 
steps for more details. 

Figure 35 Settings to prepare for a manual validation 

5 From the Filter results by list, select sequence-not-validated.

6 Use the following guidelines for setting the Filter peptides by parameters: 
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High-resolution mass spectrometers

Because the mass accuracy is better than with ion trap data, you search with a 
narrower mass tolerance, so there is a better chance that lower-scoring results 
are valid. 

Low-resolution mass spectrometers

Table 3 Q-TOF and other high-resolution mass spectrometers: settings for Filter 
peptides by

Peptide 
score

Quality Peptide 
fragmentation

Likelihood of valid interpretation

> 15 Outstanding, 
well-assigned

Thorough When combined with % SPI of 60 or 
greater, very likely to be valid

> 9 Good Substantial When combined with % SPI of 60 or 
greater, likely to be valid

> 5 Mixed Quality Moderate Review results to determine whether 
interpretation is valid; more likely to be 
valid than same scores for ion trap data

< 5 Generally poor Less Not likely to be valid

Table 4 Ion trap and other low-resolution mass spectrometers: settings for Filter 
peptides by

Peptide 
score

Quality Peptide 
fragmentation

Likelihood of valid interpretation

> 15 Outstanding, 
well-assigned

Thorough When combined with % SPI of 70 or 
greater, very likely to be valid

> 10 Good Substantial When combined with % SPI of 70 or 
greater, likely to be valid

> 5 Mediocre Few ions, look for 
mostly b’s or y’s

Review results to determine whether 
interpretation is valid; less likely to be 
valid than same scores for Q-TOF data

< 5 Poor Little to none Not likely to be valid
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• If you have Agilent Q-TOF data, set the Score to 5. 

Because the mass accuracy is better than with ion trap data, you search 
with a narrower mass tolerance, so there is a better chance that 
lower-scoring results are valid. 

• If you have ion trap data, for the Score settings, see the guidelines above. 

• % SPI (Scored Peak Intensity) is the percentage of the MS/MS 
peak-detected spectral ion current explained by the search 
interpretation. For Agilent Q-TOF spectra, % SPI below 60 may represent 
poor interpretations; so do not set lower values. For ion trap spectra, % 
SPI below 70 (or 60 for doubly-charged precursor ions) are more likely to 
represent poor interpretations. 

• If you want to limit your data review, set the Filter peptides by 
parameters to higher values to filter out the poorer-quality results.

7 Set the Validation preset in a way that minimizes manual changes later:

• If you have Agilent Q-TOF data and you set Filter peptides by to a score 
of 7 or greater, select valid. 

• If you have Agilent Q-TOF data and you set Filter peptides by to a value 
less than 7, select reset.

• If you have ion trap data and you set Filter peptides by to a score of 9 or 
greater, select valid.

• If you have ion trap data and you set Filter peptides by to a value less 
than 9, select reset.

8 In the Review Fields:

a Mark the check box for Rank 1-2 score. Verify that the check box for 
Fwd-Rev score is also marked. These parameters help you rule out false 
positives. Small differences between forward and reversed scores, or 
between rank 1 and rank 2 scores, may indicate an incorrect 
identification.

b Mark the check box for # Backbone Cleavages, which is the number of 
cleavages of the amino acid backbone that are represented in the 
spectrum for the assigned sequence. For CID spectra, these cleavages 
include the b- and y-fragments, and for ETD spectra, they include the c- 
and z-fragments. Other ions, such as neutral losses from b and y ions, are 
not included.

c If you used Dynamic peak thresholding in the search, mark the check 
box for Unmatched ions. These results tell you both the number of 
unmatched ions and the number of ions that were included in the search 
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score that you see in the report. If the latter number is less than 15, 
check that the peptide is either short or in low abundance. If not, be 
suspicious of the results.

9 Click Save As to save settings to the original or a different parameter file, 
then click Save.

You can now use this parameter file as a “task” in the list of tasks for an 
automated workflow. See Chapter 3, “Automating Workflows”.

10 If you want to see results immediately, make sure the Queue Request check 
box is clear. If you want to queue the task as part of an interactive 
automation, mark the check box.

11 Click Summarize. 

If the Queue Request check box is clear, you quickly see a protein/peptide 
summary table that lists the hits and spectra that have been validated. 
Queuing a summary is useful when you want the results saved to an html 
file that can be accessed via the Completion Log.

12 After this task is complete, make sure that you see a display similar to that 
shown in Figure 36 on page 80. Note that in this example, where the score 
threshold was set to only 5, results have been categorized as R for reset. 
These results require manual review to avoid the risk of false positives.

13 Manually review the results, as described in the next section.

NOTE In the Review Fields, if you mark the check box for Peptide pI, then under Validation and 
Sorting you have the option to display only peptides that meet your pI criteria. This feature 
is useful if you need to validate peptides from OFFGEL fractionation.
If you wish to use the pI filter for modified peptides, ask your server administrator to first 
verify that the pK of the modified amino acid is specified in smconfig.std.xml or 
smconfig.custom.xml. 

NOTE Once you click the Summarize button, the button is disabled until the results appear. If you 
need to re-enable the button, click the Summary Settings button to reload the 
Protein/Peptide Summary page.
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To manually review and validate results
1 Depending on how you set validation and filtering parameters, you will 

want to manually review some or all of the results. Start by examining the 
overall results, as shown in Figure 36. 

Figure 36 Peptide - Spectrum Match display

2 To review spectra, click links as described on the next few pages. As you 
encounter valid interpretations, select the V under the Validation category 
heading to change the validation state to valid. For guidelines on how to 
decide whether a database match is reasonable, see “To use the Spectrum 
Viewer” on page 83 and Table 5, “Guidelines for manual results validation,” 
on page 87.

3 When you are satisfied that the validation states are set correctly, click the 
Perform Validation button. This saves your validation states for further 
reference. 

4 Note that you quickly see lists of validated hits and spectra. These are 
cumulative and include both the new hits and spectra you just validated, as 
well as those you validated previously via autovalidation or manual 
validation.

NOTE If you find you have designated valid results in error, and you have already clicked the 
Perform Validation button, you can reverse the action. Change the validation state(s) and 
click the Perform Validation button again.
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To compare theoretical and experimental spectra
Your primary review tool is the Spectrum Viewer. In many cases, this gives you 
all the information you need to evaluate database search results. To display 
the Spectrum Viewer (shown in Figure 37), click a link under the # or SPI 
headers.

• If you click a link under the # header, the spectrum is displayed at the 
bottom of the page. 

• If you click a link under the SPI header, the spectrum is displayed in a new 
window. 

• For details on use of the Spectrum Viewer, see “To use the Spectrum 
Viewer” on page 83.

The Spectrum Viewer shows your extracted spectrum annotated with 
theoretical fragments from the top database search result.

Figure 37 Spectrum Viewer, with y-ions highlighted using the Bars feature 

To view MS/MS Search results
If you want more detailed information than is presented in the Spectrum 
Viewer, you view the MS/MS search details, as shown in Figure 38. 

1 To view these details, click a link under the Filename header shown in 
Figure 36. Note that you may need to use your mouse to move the white 
page divider to see more than the spectrum. 

2 Examine the MS/MS Search results, where you see up to five database hits 
with their scores, as well as the species for each protein. (While five is the 
default, you can increase the number of displayed hits with the Max 
reported hits setting on the MS/MS Search page.)
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3 Scroll through the Detailed Results to see how the ions were assigned for 
each of the database hits. 

• The final Score from the database search is the sum of the scores for 
each of the ions. (The unassigned ions subtract from the score.)

• The % SPI is the sum of the fractional intensities — Frac.Inten. (% of 
TIC) — for each of the assigned fragment ions.

• For phosphorylated peptides, the Rank 2, Rank 3, etc. hits may show 
other forms of the phosphopeptide where the modification is on other 
sites. Examine the ions that constitute the evidence for those locations to 
judge which is the best interpretation. If there is ambiguity in the 
location of the modification, the various hits have similar scores.

Figure 38 MS/MS Search results 

4 Click additional links shown in the MS/MS Search results in Figure 38:

NOTE If you enable discriminant scoring, you also see the Discriminant Score in the Detailed 
Results.
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• To view an MS Product listing that shows all theoretical fragment ions, 
click an amino acid sequence. 

• To view information in the database you searched, click an accession 
number in the MS/MS Search report.

To view MS Digest results that show peptide masses from a theoretical 
digestion, click an MS Digest index number in the MS/MS Search report.

To use the Spectrum Viewer
Figure 39 shows the Spectrum Viewer, a tool to visualize the sequence 
information contained in MS/MS spectra and to evaluate spectral 
interpretations from MS/MS database searches or Sherenga de novo 
sequencing. To manipulate the Spectrum Viewer, see the descriptions below.

Figure 39 Spectrum Viewer, with y-ions highlighted using the Bars feature 

Color-coding
In the Spectrum Viewer, the software color-codes the ions as follows:

• Red: C-terminal fragments (y-ions and z-ions) 

• Blue: N-terminal fragments (b-ions and c-ions) 

• Green: Precursor ions, neutral losses from precursor ions, immonium ions
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To use the buttons
• Use the buttons on the right side of the Spectrum Viewer to manipulate the 

display. The buttons do the following:

Reset Resets the spectrum to the original x- and y-axis values.

Labels Toggles among different peak labeling options. These are the default of 
interpreted peaks (b, y, etc.), interpreted peaks plus mass labels of all peaks, 
interpreted peaks plus mass labels of interpreted peaks, and no labels.

To see the spectrum without the peak interpretations, click the red file name 
under the sequence at the top of the Spectrum Viewer. Now click the Labels 
button to turn the mass labels on and off. Note that you need to re-display the 
spectrum to see the interpretations again.

Grow^^ Expands the spectrum by ten times in the vertical axis

Grow Expands the spectrum in the vertical axis

Shrink Reduces the spectrum in the vertical axis

Full Displays the spectrum with the full x-axis values. If you see a black arrow at 
the lower right-hand corner of the spectrum, this means that some of the 
spectrum is not displayed because there were no significant peaks in that 
region. Click the Full button to display the full x-axis range of the spectrum.

All/b-y Toggles marking of check boxes for b- and y-ions in the first row under the 
spectrum and labels peaks accordingly. The toggle either marks all the check 
boxes or resets to defaults.

All/c-z Toggles marking of check boxes for c- and z-ions in the second row under the 
spectrum and labels peaks accordingly. The toggle either marks all the check 
boxes or resets to a default subset. In addition, the All/c-z button labels 
precursor ions that have reduced charges, as are typically observed in ETD 
spectra. When you analyze ETD data, you must click the All/c-z button to see 
the appropriate labels for the fragment ions.

To use the features above the spectrum

• Spectra are annotated with interpretations based on the sequence shown in 
white. When both MSTag and Sherenga sequence bars are displayed, click 
the sequence for which you wish to see annotations.
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• To see the spectrum without the peak interpretations, click the red file 
name under the sequence at the top of the Spectrum Viewer. Now click the 
Labels button to turn the mass labels on and off. Note that you need to 
re-display the spectrum to display the interpretations again.

To use the check boxes in the first row below the spectrum
• Mark check boxes for the ion types you want labeled in the spectrum. If you 

mark check boxes but do not see any labels, click the Labels button to turn 
the labels back on.

To use the features in the second row below the spectrum
• Use these features to manipulate the display. These features do the 

following:

Go To display a sequence above the spectrum, type the sequence in the box to the 
left and then click the Go button.

The sequence in the box is initially set to a default sequence. Mass gaps shown 
in brackets indicate portions of the spectrum where there was insufficient 
fragmentation to provide an amino acid sequence. You can enter mass gaps in 
the middle of the sequence as well as at the ends.

Note that in addition to single-letter capitalized abbreviations for the 20 amino 
acids, you can type the following lower-case abbreviations for modified amino 
acids:

Symbol Modified amino acid

k Carbamylated lysine

m Oxidized methionine

q Pyroglutamic acid (only at N-terminus of peptide)

s Phosphorylated serine

t Phosphorylated threonine

y Phosphorylated tyrosine
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The variable modifications kmqsty are defined by default for the Spectrum 
Viewer. But if in MS/MS Search, you specified a different variable modification 
for K, M, Q, S, T, or Y (for example, guanidination of K), then that modification 
is used instead. 

Use the Rank arrow buttons (<- and ->) to go from the sequences that were 
identified by MS/MS Search or Sherenga de novo Sequencing to the sequence 
that you typed. For MS/MS Search, the arrow buttons cycle between the 
peptide from the highest-scoring MS/MS search result and the sequence you 
typed. For Sherenga, the arrow buttons cycle through all the Sherenga result 
sequences. If you add a custom sequence, the software appends it to the list of 
Sherenga sequences that can be cycled.

Bars Select an ion type to highlight. As shown in Figure 39, this allows you to more 
easily visualize how the ions align with the amino acid sequence displayed at 
the top of the Spectrum Viewer. 

Check boxes
labeled l-x

Mark these if you want to label peaks with amino acid sequences combined 
with common losses.

Check boxes for
c- and z-ions

Mark check boxes for the ion types you want to see labeled in the spectrum. If 
you mark check boxes but do not see any labels, click the Labels button to turn 
the labels back on.

Rank Click arrows to display additional Sherenga results. Note that when both 
MS-Tag and Sherenga sequence bars are displayed in the Spectrum Viewer, 
you must first click the Sherenga sequence bar and make sure it turns from 
gray to white before you click the Rank arrows.

To expand the x-axis

• Use the cursor to expand a portion of the spectrum in the x-axis. Move your 
mouse over the spectrum. When a crosshair is displayed, select the portion 
of the spectrum you wish to expand.

• Double-click the spectrum or click the Reset button to return to the original 
display.

To change the threshold for mass labeling
• The red triangle to the left of the y-axis indicates the threshold for peak 

labeling. Click anywhere on the y-axis to change this threshold.
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Table 5 Guidelines for manual results validation

Guideline Example

The best spectra are generally 
found by autovalidation, so do not 
expect to see spectra like the one 
to the right.

• Loss of NH3 occurs from R, K, Q 
and N residues.

• Loss of H2O occurs from S, T, E 
and D.

• R, H, K and N are charge-bearing 
residues and increase the 
maximum charge state allowed 
for a peptide fragment.

• Enhanced fragmentation may be 
observed at the following bonds:
• His – Xaa
• Xaa – Gly
• Xaa – Ser

The peptide bond on the N-terminal 
side of Pro is particularly labile 
(high local proton affinity) and 
usually results in an MS/MS 
spectrum dominated by the y-ion 
ending in Pro.*

It is typical to lack fragmentation 
between the first two N-terminal 
amino acids (i.e., no b1 or yx-1 ions).
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Look for coverage over a significant 
portion of the backbone. A series of 
consecutive b or y fragments is 
better than a random distribution. 

The peptide bond on the C-terminal 
side of acidic residues (D, E) may 
show enhanced cleavage.†

Be suspicious of a clumped pattern 
that occurs frequently throughout 
the LC run (usually a background 
ion).

Table 5 Guidelines for manual results validation (continued)

Guideline Example

Good

Poor
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Be suspicious if no ions appear 
above the precursor ion (when 
precursor charge state is >1). 

Remember - When in doubt, don’t 
validate. 
• The goal is no false positives.
• Validating a questionable hit 

removes it from subsequent 
searches.

* Proton mobility scoring accounts for enhanced fragmentation around P.

† Proton mobility scoring accounts for enhanced fragmentation around D and E.

Table 5 Guidelines for manual results validation (continued)

Guideline Example

Precursor m/z
Charge state +2
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Protein/Peptide Summary Displays
The data display modes on the Protein/Peptide Summary page allow you to 
view data in a number of ways, so you can select the mode that best fits your 
experiment. The list of display modes is shown in Figure 40. This section 
shows examples of data displayed in each mode. The modes are discussed in 
the order that they appear in the drop-down list.

Figure 40 Data display modes 
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Peptide - Spectrum Match
Select this mode to display results by peptide. This mode is particularly useful 
to validate the database identifications from each MS/MS spectrum. The 
output looks like that in Figure 41.

Note that file names are in the format Data_File_Name.aaaa.bbbb.c, where

• aaaa = first merged scan

• bbbb = last merged scan

• c = assigned precursor charge (0 means charge was ambiguous)

Figure 41 Peptide - Spectrum Match display (partial) 
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Peptide - Distinct
Select this mode when you want to summarize results by distinct peptides 
only. It provides filtering options to view peptides with variable modifications. 
It collapses the peptide list to the best-scoring representative peptide 
spectrum match per distinct peptide. 

Distinct can mean any one of these user-selectable options:

• Case insensitive - Both modified and unmodified peptides are considered 
the same peptide.

• Case sensitive (CS) - Modified peptides are considered distinct from 
unmodified peptides.

• Charge file CS - This mode keeps the best-scoring peptide spectrum match 
for each precursor charge for each LC/MS/MS run.

Figure 42 Peptide - Distinct display
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Protein Summary Details
Select this mode to see results organized by proteins, with all the supporting 
peptide information. This mode is useful when your sample fractions are 
organized in a single data directory, and you want the peptides from a single 
protein organized together even if they originate from different data files.

The top of the summary shows the proteins, as in Figure 43, while the bottom 
of the summary shows the individual peptides for each protein, as in 
Figure 44. This mode is very useful for manual review and validation of 
MS/MS search results. If your sample has multiple fractions, you sometimes 
see the same peptide sequences in multiple data files. You also see this if you 
chose not to merge spectra during extraction.

Figure 43 Protein Summary Details display - top
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Figure 44 Protein Summary Details display - bottom

To view sequence coverage, click a link under the % AA Coverage heading.
94 Spectrum Mill Workbench Application Guide



Reviewing and Validating MS/MS Data 2
Protein/Peptide Summary Displays
Protein-Protein Comparison
Select this mode to organize your results by proteins, especially if you want to 
compare proteins across multiple samples, as in a differential expression 
study. 

Note that MPP export (MPP Generic format) is supported in this mode.

This mode is useful when your sample fractions are organized in a single data 
directory, and you want the peptides from a single protein organized together 
even if they originate from different data files.

If you have multiple fractions for each sample, and each sample has its own 
subdirectory on the Spectrum Mill server, then you can use the Group results 
by parameter to control whether the individual fractions or the overall sample 
results (with all fractions consolidated) are displayed. 

Figure 45 and Figure 46 show examples of each type of display. Figure 45 
shows the distribution of proteins across a 2D LC/MS/MS run (individual 
fractions), while Figure 46 combines the results of all salt fractions into a 
single sample. 
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Figure 45 Protein-Protein Comparison display mode, Group results by File 
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Figure 46 Protein-Protein Comparison display mode, Group results by Directory

If you want the software to align and compare amino acid sequences of 
proteins within a protein group, for Protein grouping method, select 1 
shared, expand subgroups.)

To view the aligned sequences, click a link for Group # or Subgroup # in the 
report. The software highlights the detected peptides within the sequences. 
For more information, see the online help about the multiple sequence 
alignment tool within Protein/Peptide Summary (in Spectrum Mill Basics). 
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Protein-Peptide Comparison
This display mode, shown in Figure 47, is similar to Protein-Peptide 
Distribution Columns, but allows filename, score, SPI, and intensity to be 
reported together, and enables easier Excel export. This mode ensures 
reporting of ambiguous locations of modifications (for example, 
phosphorylated serine presence not distinguishable between two or more 
possible serine residues in a peptide).

Figure 47 Protein-Peptide Comparison display mode, Group Results by File

left side of display

right side of display
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Protein-Var Mod Site Comparison
Select this mode when you want to summarize results by variable modification 
sites. The rows show the variable modification sites clustered by protein, 
while the columns are organized by sample. 

You can use this mode to compare variable modifications across samples. For 
example, you can generate a table of phosphorylation sites. Spectrum Mill 
collapses all the peptide spectrum matches that contain the same 
phosphorylation site into one row. It combines the quantitation for each site 
as the median of all the relevant peptide spectrum matches.
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Figure 48 Protein-Var Mod Site Comparison display

left side of display

right side of display
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Protein-Single Peptide ID
Select this mode to display proteins that have been identified via a single 
peptide. This mode enables review of the annotated MS/MS spectra that led to 
these identifications. At least one journal (Molecular & Cellular Proteomics) 
requires that these annotated spectra be submitted with the manuscript. 

An example Protein-Single Peptide ID report is shown in Figure 49. Each row 
corresponds to the highest scoring instance of the single peptide used to 
identify the protein, with a link to the corresponding spectrum. The fourth 
column shows how many spectra correspond to that peptide. (The other 
spectra arise from additional charge states, same peptide from one of the 
other raw files in the directory, etc.)

Figure 49 Protein-Single Peptide ID display 
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Protein-Peptide Distribution Columns
Select this mode to troubleshoot your fractionation method. This display 
mode, shown in Figure 50, allows you to look at individual analyses that 
comprise your sample. The individual analyses could be 2D LC fractions, gel 
slices, or other types of fractions. This display gives insight into whether you 
need to adjust analysis parameters for better separation.

Figure 50 Protein-Peptide Distribution Columns display mode, Group results by File
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Identification Statistics and False Discovery Rate

To create a summary table of MS/MS identification statistics
The Spectrum Mill workbench compiles identification statistics, such as the 
percentage of MS/MS spectra that have been interpreted for a set of data files. 
This is the same set of statistics and report that you accessed previously using 
the View MS/MS search statistics option but now produce using the Quality 
Metrics and FDR option.

To create the summary table for basic search statistics:

1 From the Spectrum Mill home page, click Quality Metrics & FDR.

Figure 51 Report Quality Metrics and FDR - with no check boxes marked 

2 Do NOT mark any of the check boxes. Clear any check marks that you see.
You see MS/MS identification statistics by just clicking the Report button 
without marking any other check boxes. See “To report FDR and search 
statistics” on page 106 to learn how to report FDR calculations and other 
statistics in addition to the basic set described here.

3 Select the Data Directories for which you want to summarize statistics.

4 Click Report.
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5 Check that you see a report like that shown in Figure 52. 

Figure 52 View search statistics report 

Note that under File/Directory the stats are given for the file first, then the 
sum of the files under the directory (in this case, there is only one file under 
each of two directories) and that under Directory appear the stats for each 
directory and then the sum of the directories.

See below for explanations of some of the headers.

MS/MS spectra
collected

Number of MS/MS spectra in the raw data file

MS/MS spectra
merged

Number of MS/MS spectra that result from merging by the Data Extractor

MS/MS spectra
filtered

Number of MS/MS spectra exported by the Data Extractor program after 
filtering by spectral quality

Collection Yield
(%)

Number of MS/MS spectra interpreted and validated divided by number of 
MS/MS spectra collected, expressed as percentage

Interpretation
Yield (%)

Number of MS/MS spectra interpreted and validated divided by number of 
MS/MS spectra filtered, expressed as percentage
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It is typical that not all spectra are interpreted. The obvious reason is that 
some spectra could not be matched to database entries, but there are other 
reasons as well. For example, to avoid missing any good spectra, you typically 
set Data Extractor to remove most, but not all, of the noisy spectra. The 
remaining noisy spectra are not peptides and are not interpreted.

If your Collection Yield seems particularly low, there may have been an 
unusually high number of noisy spectra in your analysis. Perhaps you used a 
low threshold for data acquisition, or maybe there was a high instrument 
background. In these cases, the relative number of spectra that are picked by 
the Data Extractor is low.

Both the Collection Yield and the Interpretation Yield reflect to some degree 
how much time you spent processing the data, via variable modifications 
searches, broader databases, etc. In general, processing is complete when 
sufficient information has been extracted from the data to meet the 
experimental goals. 
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To report FDR and search statistics
You can now report useful metrics in addition to the basic search statistics 
already calculated by the program. (For the basic search statistics, see “To 
create a summary table of MS/MS identification statistics” on page 103.)

1 From the Spectrum Mill home page, click Quality Metrics & FDR.

2 Mark each check box whose calculation or statistic you want the program to 
report.

Click the blue bars to see explanations for each option and why you would 
want to see that calculation or statistic.

Figure 53 Report Quality Metrics and FDR - default check boxes marked 

3 Select the Data Directories for which you want to report the FDR or 
statistics.

The page should now look like Figure 53.

4 Click Report.

NOTE FDR results are not valid after manual validation. For this reason Agilent recommends you 
complete your final autovalidation and review, and check the FDR statistics before you do 
a manual validation. 
106 Spectrum Mill Workbench Application Guide



Reviewing and Validating MS/MS Data 2
Identification Statistics and False Discovery Rate
The first part of the report you see will be like that shown in Figure 52. 
Added to that report are columns containing the statistics you chose to 
have the program report. Refer to Table 6 to view the column headers that 
appear for each option.

Table 6 Results After Reporting FDR and Search Statistics

Report this statistic: To view these report column 
headers:

Because you want to know:

FDR at the peptide & spectra level 
(from valid hits)

FDR Spectra (%)
# Spectra False

FDR Distinct Peptide (%)
# Distinct Peptides
# Distinct Peptides False

The FDR at both the spectra and peptide 
levels. The distinct peptide FDR can only 
be reported with the Tool Belt. The 
spectral level FDR may be seen in other 
places depending on the autovalidation 
strategy.

FDR at the protein level All of the above, plus:

FDR Distinct Protein (%)
# Protein Groups
# Distinct Proteins
# Distinct Proteins False

The FDR at the spectra, peptide and 
proteins levels. This can only be reported 
with the Tool Belt.

Precursor mass error mean (ppm) Mean Precursor Mass Error (ppm)
Std Dev Precursor Mass Error (ppm)

Mean is the average of all the 
values. Standard deviation measures 
the spread in the values away from 
the mean.

The ppm difference between the 
experimentally measured mass and the 
theoretical mass calculated from the 
amino acid sequence. A ppm error larger 
than expected can help identify 
instrumentation or data quality issues.

Precursor charge count (from valid 
spectra)

# spectra z2-z7
z2 (%) - z7 (%)

The number of spectra for each charge 
state from +2 to +7 and the percentage of 
spectra in each charge state from +2 to 
+7
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Peptide pI median for each run # Distinct Peptides pI
Median Peptide pI
Std Dev Peptide pI

Distribution of peptide pI in each run; 
typically used when pI-based 
fractionation has been done.

Chromatography stats for each run Start time mid xx% matched spectra 
in run (min)
End time mid xx% matched spectra 
in run (min)
Time span mid xx% matched spectra 
in run (min)
Median MS1 peak width mid xx% 
matched spectra (sec)
Total precursor XIC mid xx% matched 
spectra in run
Median MS1 intensity Trigger Apex 
mid 50% matched spectra (%)

How good the chromatography was

For only the matched spectra between 
+/- one-half xx%, the program reports 
each of these statistics. For example, if 
mid xx% is specified as mid 60% and 
10,000 spectra gave IDs in the run, then 
the statistics specified at mid 60% are 
reported for spectra #2000 to #8000 (+/- 
30%).

See the Online Help for descriptions of 
each of these statistics. To learn more 
about these metrics, refer to Rudnick PA, 
Clauser KR, Kilpatrick LE, et. al., 
“Performance metrics for liquid 
chromatography-tandem mas 
spectrometry systems in proteomics 
analyses”, Mol Cell Proteomics. 2010 
Feb;9(2):225-41 
(http://www.ncbi.nlm.nih.gov/pubmed/1
9837981).

Distinct Peptide Fraction Overlap Table 
- Distinct

Distinct Peptide Fraction Overlap 
Table

The generated table shows for each 
peptide in each data file, the number of 
data files that peptide is found in. This is 
useful for seeing how good your 
pre-fractionation was. If everything is 
found in only one fraction and is also 
evenly distributed across the data files, 
your pre-fractionation worked perfectly. 
This is not likely, of course.

Distinct Peptide Fraction Overlap Table 
- Not Distinct

Distinct Peptide Fraction Overlap 
Table

The “best” peptide for each primary 
sequence, no matter the modification.

Table 6 Results After Reporting FDR and Search Statistics (continued)

Report this statistic: To view these report column 
headers:

Because you want to know:
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Reviewing and Validating MS/MS Data 2
Identification Statistics and False Discovery Rate
Precursor Ion Fragmentation Table Precursor Ion Fragmentation Table Numerous useful metrics about the 
spectra. You may need to scroll to see 
them all.

Precursor Acquisition Uncertainty: mz 
and z

MS/MS spectra collected 
acquisition MI m/z = 0.0
MS/MS spectra collected 
acquisition z = 0
MS/MS spectra filtered acquisition 
MI m/z = 0.0
MS/MS spectra filtered acquisition z 
= 0
MS/MS spectra valid precursors 
adjusted

Spectral quality through these indicators; 
abnormally higher values for samples of 
the same complexity indicate poorer 
quality mass spectral data.

MS1 intensity stats for each run # MS Scans
Total TIC
Total BPI
Mean TIC
Mean BPI

If something might be wrong, e.g., if the 
injection of the standard material shows 
an abnormally low value for these

Table 6 Results After Reporting FDR and Search Statistics (continued)

Report this statistic: To view these report column 
headers:

Because you want to know:
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Identification Statistics and False Discovery Rate
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Automating Workflows
Setting Up Automated Workflows 112
Executing and Monitoring Workflows 116

Workflow automation lets you place a series of tasks in either a normal 
workflow or iterative workflow into a queue; then Spectrum Mill workbench 
executes them in the proper order. For example, you can automate a typical 
normal workflow for MS/MS data files from protein digests:

• Spectral extraction

• MS/MS search

• Autovalidation

• Protein/Peptide Summary

• False discovery rate (FDR) and quality metrics

• Data archive
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3 Automating Workflows
Setting Up Automated Workflows
Setting Up Automated Workflows
The first step to set up an automated workflow is to save the settings you 
intend to use in parameter files. The names of these parameter files become 
the “tasks” that make up the “workflow”.

You then place the workflow tasks in the order you intend. If you need to view 
a task before placing it in the sequence of the workflow, you can.

After creating the workflow you then execute it, monitoring the results to see 
the outcome of a task execution, viewing the queue to know which task is 
being executed at any time, and checking the completion log to view those 
tasks and workflows that have completed.

To create parameter files or workflow tasks
Parameter files and workflow tasks are the same. You create parameter files, 
or edit them, in each individual Spectrum Mill page.

See Chapter 1, “Processing MS/MS Data Interactively” and Chapter 6, 
“Processing MS-Only Data Interactively” for details on how to create 
parameter files.

To view already existing workflows and their tasks
1 On the Spectrum Mill home page, click Workflows.

2 From Data Directories, click Select, then select a file of files and click 
Open.

3 Select a workflow in the list on the left to see a list of workflow tasks on the 
right that comprise the workflow (Figure 54).

NOTE For help on any section of a Workflows page, click the blue bar for that section.
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Setting Up Automated Workflows
Figure 54 Workflow page with selected workflow

4 To make sure the parameters you want are in a task, click the task of 
interest to view a read-only version of the page (Figure 55).

Figure 55 View of parameter values for selected workflow task
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Setting Up Automated Workflows
To create/edit an automated workflow 
1 From the Workflows page, select a workflow, and click Edit Workflow.

Note that the name of the selected workflow to edit is in the title bar in red. 
(Figure 56)

If no workflows appear in the list, click Edit Workflow and create a new 
one with steps 2-6.

2 To filter the list of available tasks to show only a portion of them, select a 
category from the Available tasks list.

Click Refresh to make sure all the available tasks are in the list. 

3 To make sure the parameter values for the selected task are the ones you 
want, select the task on the left and click View (Figure 55).

4 To add a task to a workflow, select the task in the list on the left, and click 
Add.

If the added task is in the wrong place in the order, select the task, then 
click Up or Down to move its order in the sequence.

To remove a task from the Workflow tasks list, click Remove.

To remove all the tasks, click Clear All.

Figure 56 Edit Workflow page

5 To save the edited workflow to the same name or a different one, click Save 
As, enter the name of the workflow and click Save (Figure 57).
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Setting Up Automated Workflows
Figure 57 Save Workflow dialog box 

6 Close the Edit Workflow window, and click Refresh.

The new workflow appears in the list on the left of the Workflows page.

To create/edit another workflow from within the Edit Workflow window
1 In the Edit Workflow window, click Open. 

Figure 58 Open window accessed from Edit Workflow window

2 Select a workflow, then click Open and follow steps 4-6 above.
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Executing and Monitoring Workflows
Executing and Monitoring Workflows

To execute an automated workflow
1 If you are not on the Workflows page, from the Spectrum Mill home page 

click Workflows.

2 Click Select to select one or more directories containing the data for 
executing the workflow.

3 For Maximize CPUs, mark the necessary check box(es) for Extraction 
and/or Search. 

When you mark these check boxes for a workflow, the request queue shows 
two requests − the initial one to create the batch of files and the second one 
to show the progress and results of Extraction and/or Search.

4 Select a workflow from the list on the left, and click Execute.

A request submissions section for each task appears below the workflows 
list.
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Executing and Monitoring Workflows
Figure 59 Request submissions list

5 Monitor results and view workflow progress. See below.

To monitor results
To monitor the results for each task, click one of three links from the request 
submissions list: 

Link to Results Click this link to see the results for the task in a separate window. The results 
in this window will not update until you close the window and click the link 
once more.

After you return to the request submissions list for all tasks, you can then link 
to the results of other tasks.
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3 Automating Workflows
Executing and Monitoring Workflows
Monitor Results Click this link to see the results for the task on the Workflows page. With this 
choice you are able to view the updated execution messages for that task in 
real time but are unable to return to the request submissions list to see the 
links to other tasks’ results.

View Request
Queue

Click this link to open the Request Queue viewer and select to monitor the 
results from that viewer. See “To view workflow progress” on page 119. With 
this choice you can monitor each task in real time and choose another task to 
monitor after closing the window.

Figure 60 Results for the Extraction task (click Monitor in Request Queue)
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Executing and Monitoring Workflows
To view workflow progress
• From the menu bar, click Request Queue,

or

From the request submissions list, click View Request Queue.

Figure 61 Request Queue while executing a workflow

• To monitor the individual task results from the Request Queue, click 
Monitor under the Task Id (Figure 60).

• To delete a task after the workflow starts running, mark the check box next 
to the task and click Remove.

When a task is complete, it is automatically removed from the Request Queue 
list and appears in the Completion Log.

NOTE You do not see any changes to the Request Queue Viewer unless you click Request Queue 
again to refresh the screen.
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To check the Completion Log
1 In the top menu bar, click Completion Log.

Figure 62 Completion Log 

2 To see the final result html file, click Task Id.

The Completion Log lets you view this information:

• Task Id - a number that identifies the workflow and the task within it. 

• Task Type - extraction, search, autovalidation, summary, etc. 

• Data Set Parameters - folder whose selected data files are submitted for 
workflow execution. Click to see a parameters table for the task.

• Status - no error, error and abort messages

• Completion Time - Date and time task completed

• User - name of user logged onto server

• Client - name of PC client being used
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To set parameters and run the de novo sequencing algorithm 122
To generate a Sherenga report 125
To view detailed Sherenga results 127
To compare Sherenga results with MS/MS Search results 129

The Spectrum Mill workbench includes an advanced algorithm, called 
Sherenga, for de novo sequencing. This algorithm helps to sequence new 
peptides and to confirm results of database searches. 

Historically, de novo sequencing algorithms have been difficult to develop. The 
major challenge in sequencing peptides from MS/MS spectra is that peptides 
do not usually fragment between each amino acid. While incomplete 
fragmentation information complicates any de novo program, Sherenga makes 
reasonable attempts to fill in the missing information.

The Sherenga algorithm uses graph theory for de novo peptide sequencing and 
sequence scoring.* Graph theory is a branch of mathematics which describes 
how networks (such as transportation networks) can be represented and their 
properties measured. A graph is an abstract symbolic representation of a 
network that consists of a set of vertices connected by edges. To simplify, one 
may use the analogy that the edges are like streets and the vertices are like 
intersections.

When graph theory is applied to spectra, the mass peaks are considered 
vertices and the differences in mass peaks are considered edges. These edges 
have lengths equal to the masses of the amino acids (or sometimes di- or 
tri-peptides). Each peak in a spectrum is assigned several possible fragment 
ion interpretations (vertices). Although peaks can arise from fragmentation at 

* Dancik, V.; Clauser, K. R.; Addona, T.A.; Vath, J. E.; Pevzner, P.A. “De novo Peptide Sequencing via 
Tandem Mass Spectrometry”, J. Comp. Biol. 1999, 6, 327-342.
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4 Sherenga de novo Sequencing
either the N-terminus or the C-terminus, all peaks (vertices) are converted to 
N-terminal equivalents. Then the Sherenga algorithm attempts to find the 
longest possible path through as many interpretations (vertices) as possible.

To set parameters and run the de novo sequencing algorithm
1 Navigate from the Spectrum Mill home page to the Sherenga de novo 

Sequencing page, as shown in Figure 63.

Figure 63 Sherenga de novo Sequencing page

2 If you need to change the Data Directory, click Select, choose one, and click 
OK.

3 To use an existing parameter file to set parameter values, click Load.

4 Change parameters by using the instructions below and the Online Help. 
(Click the blue bar for each section to find explanations.)

In general, you should keep the default values, except for the data directory.
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Sherenga de novo Sequencing 4
• Set the Maximum reported hits to the maximum number of Sherenga 
interpretations you would like for each spectrum.

• Set the Validation filter in one of the following ways:

If you took the time to designate your spectra as “good” or “bad,” as 
described in “Step 2. Check for remaining high-quality spectra” on 
page 37, set the Validation filter to good-spectrum-sequence-not-
validated. This ensures that the software processes only the 
uninterpreted spectra you designated as “good”.

Otherwise, set the Validation filter to 
spectrum-not-marked-sequence-not-validated.

• For amino acids that have the same nominal mass, select how you would 
like to display the results under Show Equivalent Masses. 

For K/Q, choose Both if your instrument has sufficient mass accuracy to 
distinguish between these two.

• Click the Choose... button to select the modifications that match the 
chemistry for your samples. 

For details, click the blue bar labeled Modifications to access the online 
help.

• Select the instrument on which to base the Scoring. 

The scoring is based on learned parameters for each type of tandem 
mass spectrometer. The algorithm has “learned” rules regarding ion 
types and intensity thresholds from sample spectra of known amino acid 
sequence. 

• Mark Sequence tag length to prevent de novo sequencing of spectra that 
contain little sequence information. Do not set the tag length to less than 
4.

The sequence tag length represents the longest sequence of amino acids 
that can be located in the spectrum. Larger numbers filter out more 
spectra, keeping those of the best quality.

• Click Advanced Parameters to display them. 

These are described in the online help.

5 To save any changed parameter values, click Save As.

Once you save parameter files for this page, you can use them for workflow 
automation.

6 Click Sequence.
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4 Sherenga de novo Sequencing
7 While Sherenga runs, check that you see a display like that shown in 
Figure 64.

Figure 64 Display while Sherenga de novo Sequencing runs

8 If you want to view results while Sherenga runs, click a file name link. After 
you see the Sherenga report at the bottom of your screen, click an amino 
acid sequence link to display the Spectrum Viewer.
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To generate a Sherenga report
1 When the Sherenga algorithm is complete, navigate from the Sherenga de 

novo Sequencing page to the Sherenga de novo Summary page.

2 Check that you see the page shown in Figure 65.

Figure 65 Sherenga de novo Summary page

3 If it is not already selected, select the directory where your data resides.

4 If you want to use an already existing parameter file, click Load, select the 
file, and click Load.

5 Set the Min. vertex score. 

If you do not want to include interpretations made on smaller peaks, raise 
this threshold. Amino acids interpreted based on smaller peaks are then 
replaced by their mass gaps. 

In the detailed results that follow (see bottom blue highlight in Figure 67 on 
page 128), Orig. Score represents the Sherenga score calculated with a 
minimum vertex score of 5, while Score is the Sherenga score calculated 
with the value you specify here. 

6 Set other parameters. (The defaults are good choices.)

7 If you wish to consider only tryptic peptides in the results, mark the check 
box to Force tryptic digest. 

8 To save the newly changed parameters, click Save As, name the parameter 
file and click Save.
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4 Sherenga de novo Sequencing
Although parameter files can be saved, you cannot use them with workflow 
automation.

9 Click Summarize. 

10 Check that you see the Sherenga top-level report, as shown in Figure 66. 
The components of the report are described below.

Figure 66 Sherenga top-level report

SS Sherenga Score for the most likely interpretation

TL Tag Length - sequence tag length

TS Tag Score - peptide score for MS/MS Search results

MS/MS Search
Delta MH+

Difference in mass between experimental MH+ and MH+ of database match

Filename Filename for detailed Sherenga results. These are in the format 
Data_File_Name.aaaa.bbbb.c.pkl.txt, where

• aaaa = first merged scan

• bbbb = last merged scan

• c = assigned precursor charge (0 means charge was ambiguous)
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Sherenga
Sequence Tag

Amino acid sequence for Sherenga interpretation with highest score. A 
bracketed number in the sequence indicates a mass segment that could not be 
reliably interpreted because there were insufficient cleavages to assign amino 
acids or because there was an unusual modification of an amino acid.

MS/MS Search
Result

Amino acid sequence for best MS/MS Search interpretation

To view detailed Sherenga results
1 Click a link under the Filename header. 

2 Check that you see the Spectrum Viewer, as shown at the top of Figure 67, 
and the Sherenga results list, as shown at the bottom of Figure 67.

The Sherenga results list is comprised of multiple Sherenga interpretations 
for the same spectrum. The most probable interpretation (Sherenga 1) is 
initially displayed in the Spectrum Viewer.

3 Click the Rank arrow buttons in the lower right-hand corner of the 
Spectrum Viewer to display the various interpretations in the Sherenga 
results list. See “To use the Spectrum Viewer” on page 83 of Chapter 2 for 
more details.

4 Scroll below the Sherenga results list to view details on the interpretation.

5 If you have additional information about the sequence, you can evaluate 
your own sequence versus the spectrum. 

a Be sure that you have selected the Sherenga sequence as described in the 
note just above. That way your sequence will append to the Sherenga list. 

b Type your sequence in the box to the left of the Go button in the 
Spectrum Viewer. Where you have missing information, enter mass gaps 
in brackets, as illustrated with the default sequence shown in the box. 

NOTE If you see an MStag 1 sequence at the top of the Spectrum Viewer, first click the 
Sherenga 1 sequence and make sure the background for the Sherenga sequence turns 
from gray to white. Then click the Rank arrow buttons. 
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4 Sherenga de novo Sequencing
You can enter these mass gaps anywhere in the sequence, including the 
middle or ends.

c Click the Go button.

d Select Bars options to see how the theoretical fragment ions from your 
sequence line up with the spectrum.

e Use the Rank arrow buttons (<- and ->) to go from the sequences that 
were identified by Sherenga de novo Sequencing to the sequence that 
you typed. 

Figure 67 First Sherenga interpretation outlined in rectangles in both the Spectrum Viewer (top) and Sherenga 
results list (bottom) 
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To compare Sherenga results with MS/MS Search results
• In the detailed Sherenga results, compare the de novo sequencing results 

with any available MS/MS Search results.

When database search results are available, the software displays them 
along with the Sherenga interpretations. The database sequence (labeled 
MSTag 1) is displayed just above the Sherenga sequence shown at the top of 
Figure 67. It is also displayed above the Sherenga results list shown at the 
bottom of Figure 67.
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Processing Data for Differential 
Expression Quantitation
To use the Data Extractor for a differential profiling study 133
To use MS/MS Search for a differential profiling study 135
To calculate DEQ ratios for isotopic labels using the Protein/Peptide 

Summary page 136
To interpret DEQ results for isotopic labels in Peptide - Spectrum Match 

mode 137
To interpret DEQ results for isotopic labels in protein modes 139
To calculate iTRAQ and TMT ratios using the Protein/Peptide Summary 

page 140
To interpret results for iTRAQ labels in peptide mode 141
To interpret results for iTRAQ labels in protein mode 142
To view light/heavy results on the Spectrum Summary page 143

In this chapter, you learn in detail how to process data for differential 
expression quantitation (DEQ). You learn how to process stable isotope 
labeling by amino acids in cell culture (SILAC), isotope-coded affinity tag 
(ICAT) and other isotopically labeled data to compute light/heavy ratios. You 
also learn how to do quantitation with isobaric modifications, which use 
isobaric tags with low-mass MS/MS signature ions rather than isotopic labels 
(iTRAQ and TMT). 

Labeled data is in general processed the same way as any other MS/MS data, 
so you follow the step-by-step procedures described in Chapter 1, “Processing 
MS/MS Data Interactively”. As you process the data, you set specific 
parameters in the Data Extractor, MS/MS Search, Protein/Peptide Summary, 
and Spectrum Summary pages to enable differential expression quantitation. 
This chapter describes those settings.
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5 Processing Data for Differential Expression Quantitation
At installation, the software supports the following modifications for 
differential expression quantitation:

• ICAT D0/D8

• cICAT 12C/13C

• C-terminal methyl ester D0/D3

• N-terminal propionyl D0/D5

• C-terminal 16O/18O

• iTRAQ and TMT reagents 

• Metabolic labels:

• SILAC 2 (Arg 0-6Da, Lys 0-8Da)-mix 

• SILAC 3 (Arg 0-6-10Da)-mix 

• 15N and 14N/15N mix 

The software allows you to add custom modifications to support quantitation 
studies. See the online help for system administrators. Additional SILAC and 
other custom modifications are defined in smconfig.misc.xml.

Note that with the exception of iTRAQ and TMT reporter ion quantification, 
differential expression calculations are not supported for data that uses the 
generic Data Extractor. Because the generic extractor processes exported 
rather than raw files, it retains less functionality than the raw file extractors.
132 Spectrum Mill Workbench Application Guide



Processing Data for Differential Expression Quantitation 5
To use the Data Extractor for a differential profiling study
1 Click the Choose... button to set the appropriate Fixed/Mix Modification. 

Table 7 lists the supported labels and the corresponding options you must 
select. If your sample contains a mixture of labels and you want the 
software to calculate the ratio, select one of the mix options.

2 Set other parameters as described in Chapter 1.

Extractor details for all -mix modifications except iTRAQ, TMT and 14N/15N mix
The mix options ensure that all the necessary chromatogram peak areas are 
calculated as the data are extracted. Data Extractor always calculates peak 
areas from the extracted ion chromatograms (EICs) of each precursor ion 
subjected to MS/MS. 

When the modification is set to a mixture of light/heavy labels, Data Extractor 
calculates peak areas for a number of additional parallel EICs, one of which 
represents the other member of the light/heavy pair. More EICs are calculated 
than are actually necessary for the light/heavy computation. The reason for 
this in the case of ICAT quantitation is that Data Extractor does not know 

Table 7 Reagents for differential expression quantitation and corresponding Spectrum Mill settings

Reagent Fixed/Mix 
Modification listed 
under:

Option to select

ICAT D0/D8 (original ICAT reagent) Cysteine ICAT-D0, ICAT-D8, or ICAT-mix

cICAT 12C/13C (newer, cleavable ICAT reagent) Cysteine cICAT-C12, cICAT-C13, or cICAT-mix

N-terminal propionyl D0/D5 N-terminus Propionyl-D0, Propionyl-D5, or Propionyl-mix

iTRAQ/TMT N-terminus and K iTRAQ or iTRAQ Partial-mix (the latter if you 
suspect incomplete labeling) or TMT

C-terminal methyl ester D0/D3 C-terminus, D, and E Methyl_Ester, Methyl_Ester-D3, or 
Methyl_Ester-mix

C-terminal 16O/18O C-terminus O18 Free Acid or O16/O18 Free Acid-mix
15N and 14N/15N mix Metabolic N15 or N14/N15 mix

SILAC Metabolic Any of the SILAC options (All are mixes.)
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whether it has extracted a cysteine-containing peptide, a light member of the 
pair, or a heavy member of the pair. It also does not know how many cysteines 
are present, nor the charge state of the precursor ions. 

All the parallel EIC areas are stored until the Spectrum Mill workbench’s 
interpretation is complete. Then the correct ones are retrieved for ICAT 
calculations. As a result, EICs are calculated for both the light and heavy 
labels, even if only one is subjected to MS/MS. A similar process occurs for 
SILAC, which can include light/medium/heavy labels.

The generic Data Extractor (the one that processes peak lists) does not have 
access to the raw mass spectral files, so it cannot calculate the EICs that are 
needed for ICAT-like quantitation. 

Extractor details for iTRAQ and TMT
The iTRAQ and TMT intensity calculations do not require EICs. The 
abundances for the reporter ions are calculated from the MS/MS data. 

You can calculate iTRAQ and TMT ratios for generic extractor data. 

Extractor details for 14N/15N mix
For 14N/15N mix, quantitation occurs at the report level rather than at the 
extractor level. The Data Extractor does not calculate parallel EICs; so 
quantitation is possible only when MS/MS is run on both the 14N and the 15N 
members of a peptide pair, and the MS/MS Search results indicate the same 
sequence and charge. The calculations assume complete incorporation of 15N. 

The Data Extractor provides quantitative information for all ions for which 
MS/MS is run, and the ratios are calculated in Protein/Peptide Summary 
based on this information. You can calculate 14N/15N ratios with generic 
extractor data.

CAUTION If you wish to do quantitation for labels with small mass differences (~4 Da) between 
the light and heavy versions, change Merge scans with same precursor m/z to 
+/-1.0 m/z or lower. 
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To use MS/MS Search for a differential profiling study
1 Click the Choose... button to set the appropriate Fixed/Mix Modification. 

See Table 7 on page 133 for details.

2 Set other parameters as described in Chapter 1, but only mark Proton 
mobility scoring if the MS/MS spectra are acquired on an ion trap mass 
spectrometer.

With the exception of iTRAQ and TMT, if you select one of the variations that 
ends in mix, each spectrum is searched multiple times — once for each 
possible label. The results are merged as a single output.

For iTRAQ and TMT, only a single search is necessary. Since the tags are 
isobaric, all versions of the iTRAQ or TMT label, whether iTRAQ4, iTRAQ8, 
TMT2 or TMT6, are simultaneously fragmented during MS/MS. Further, all 
iTRAQ labels produce the same MS/MS fragments for a given precursor 
peptide, as do TMT labels. Therefore, neither the iTRAQ nor TMT labels have 
to be searched as a mix. However, the tags produce different peaks depending 
on the mass associated with the tag, and the abundances of these peaks are 
used by the Spectrum Mill workbench for relative quantitation.

For convenience, mix definitions are provided by default, and can be used to 
investigate the labeling process. For example, you can use them to evaluate 
incomplete peptide modifications, or to search for a lysine modification with 
or without an accompanying N-term modification. 
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To calculate DEQ ratios for isotopic labels using the 
Protein/Peptide Summary page

Use the Protein/Peptide Summary page to calculate DEQ ratios.

1 Mark the DEQ ratios (differential expression quantitation ratios) check 
box. 

2 If you want to see your modification in a report that shows peptides:

• Mark the check box for N-terminus, C-terminus, or Cysteines, if your 
label reacts at one of those sites. (For example, mark Cysteines for ICAT 
reagents.)

• Mark the check box for Modification Names if your label reacts at an 
amino acid other than cysteine.

3 For ICAT and similar labels, when you want to see the pairs together in a 
peptide report, set Sort peptides by to Sequence.

4 (Optional) Use the Required AAs box to filter results so that only the 
isotopically labeled peptides are shown. For example, select C in the 
Required AAs box if the isotopic label modifies cysteine.

5 Set other options.

6 Click Summarize.

NOTE Only for protein modes: When you mark the DEQ ratios check box, you can select the 
Protein Quantitation Option to exclude outlier DEQ ratios (>2 std dev from mean).
136 Spectrum Mill Workbench Application Guide



Processing Data for Differential Expression Quantitation 5
To interpret DEQ results for isotopic labels in Peptide - Spectrum 
Match mode 

• Check that your results resemble those in Figure 68, which shows ICAT 
results displayed in Peptide - Spectrum Match mode on the Protein/Peptide 
Summary page. 

• Note the columns labeled Cysteines and L/H. L/H means light/heavy. For 
SILAC reagents with three labels, you also see L/M, for light/medium.

• If n/c appears in the report, it means not calculated. If the Data Extractor 
cannot determine a charge for a peptide, it assumes a charge of +2 for 
determining the mass shifts for quantitation, and it looks for up to two 
modification sites in the peptide (e.g., two cysteines at most). When the 
actual charge is not +2, or when there are more than two modification sites 
in the peptide, the ratio is not calculated, and is reported as n/c.

Ratios are also reported as n/c when the peptide does not contain the 
amino acid that reacts with the labeling reagent. 

Figure 68 ICAT results shown in Peptide - Spectrum Match mode
Spectrum Mill Workbench Application Guide 137



5 Processing Data for Differential Expression Quantitation
In the Peptide - Spectrum Match mode, you may see a calculation discrepancy 
in cases where both members of a D8/D0 ICAT pair have been subjected to 
MS/MS. This is because the heavy- and light-labeled peptides often do not 
quite co-elute, so the EICs used for the calculations are slightly offset. (The 
EIC windows are determined by the Data Extractor setting for the time 
window for merging scans.) 

You do not see this discrepancy in the protein mode, provided that both the 
D8- and D0-labeled precursor ions were subjected to MS/MS and that these 
results were of sufficient quality to be interpreted and included in the final 
results summary. In the protein modes, the peptide ratios are combined to 
calculate a ratio for the protein. In these modes, the ratio for the ICAT pair is 
recalculated directly from the EICs of each precursor, rather than the parallel 
EICs from the calculated m/z shifts from the precursor.
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To interpret DEQ results for isotopic labels in protein modes 
• Check that your results resemble those in Figure 69, which shows ICAT 

results displayed in one of the protein modes on the Protein/Peptide 
Summary page. 

• Note the special light/heavy columns labeled L/H (mean), L/H (std dev), 
and L/H (# pairs). For SILAC reagents with three labels, you also see 
columns for L/M (mean) and L/M (std dev).

Figure 69 ICAT results shown in Protein Summary mode 

The protein modes all work similarly. First, the interpreted spectra for 
peptides are grouped because they correspond to a single protein. Then a 
light/heavy ratio for the protein is calculated from the mean of the values for 
the peptides. The protein modes report the mean, standard deviation, and 
number of values that contribute to the mean. Note that the standard 
deviations are larger for low-level, noisy data.
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To calculate iTRAQ and TMT ratios using the Protein/Peptide 
Summary page

Use the Protein/Peptide Summary page to calculate iTRAQ and TMT ratios. In 
the iTRAQ calculations, the Spectrum Mill workbench incorporates the 
correction factors from your iTRAQ certificate of analysis. 

iTRAQ reagent 8-plex does not require special correction factors. Default 
values that apply to all batches are included in the Spectrum Mill calculations. 

You must first use the Tool Belt page to enter the correction factors and apply 
them to your sample.

1 Do the following on the Tool Belt page:

a Enter the correction factors from the iTRAQ certificate of analysis that 
you received for the reagents that you used to process your sample. See 
“To create a file of reporter ion correction factors” on page 163.

b Apply the correction factors from the iTRAQ certificate of analysis to the 
data directory for your sample. See “To apply a file of reporter ion 
correction factors” on page 165.

2 Do the following on the Protein/Peptide Summary page:

a Select the iTRAQ or TMT (Tandem Mass Tag) option you are using for 
your quantitation: iTRAQ4, iTRAQ8, TMT2, TMT6, or TMT10.

a Mark the intensities check box (for modes that show peptides). 

b Mark the Reporter Ratios check box and select the reporter mass you 
wish to use as the control (denominator) for the ratio calculations.

If you have multiple control ions, use the Ctrl key to select them. Ratios 
will then be calculated and reported for each control ion.

c If you want to see the iTRAQ modification in a report that shows 
peptides, mark check boxes for both N-terminus and Modification 
Names, since the reagents react at both the N-terminus and lysines. 

d Set other options.

e Click Summarize.
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To interpret results for iTRAQ labels in peptide mode
• Check that your results resemble those in Figure 70, which shows iTRAQ 

results displayed in Peptide - Spectrum Match mode on the Protein/Peptide 
Summary page.

• Confirm that you see a message near the top of the report that says the 
correction factors were found, and confirm that the batch number is 
correct.

• Note the columns that show the iTRAQ intensities and ratios.

Figure 70 iTRAQ results shown in Peptide - Spectrum Match mode
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To interpret results for iTRAQ labels in protein mode
• Check that your results resemble those in Figure 71, which shows iTRAQ4 

results displayed in one of the protein modes on the Protein/Peptide 
Summary page. 

• Confirm that you see a message near the top of the report that says the 
correction factors were found, and confirm that the batch number is 
correct.

• Note the columns that show the means and standard deviations of iTRAQ 
ratios, as well as the number of iTRAQ pairs. For the proteins, the software 
calculates the means and standard deviations of the iTRAQ ratios from the 
component peptides.

Figure 71 iTRAQ results shown in Protein Summary mode 
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To view light/heavy results on the Spectrum Summary page
• To view ICAT or other light/heavy intensities on the Spectrum Summary 

page, mark the check box for MS L/H EIC intensity. Check that the results 
are similar to those in Figure 72.

Figure 72 ICAT intensities shown on the Spectrum Summary page

NOTE The Spectrum Summary page shows the intensities of the parallel light/heavy EICs 
calculated during data extraction. Since you typically use the Spectrum Summary page to 
display spectra that have not been interpreted, you do not see the light/heavy ratios 
calculated in this table, nor should you attempt to calculate them from these data. Instead, 
use the calculations from the Protein/Peptide Summary page, as described earlier in this 
chapter.
Note that the values are reported as 0’s for “metabolic” modifications, such as SILAC and 
14N/15N mixes.
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Processing MS-Only Data Interactively
Step 1. Find the compounds of interest in MassHunter Qualitative 

Analysis 146
Step 2. Copy and paste compound masses into PMF Search 147
Step 3. Search the MS-only data and display results 148
Step 4. Examine the results 151

In this chapter you learn the basics to process MS-only data files with the 
Spectrum Mill workbench. This chapter guides you through a typical workflow 
with the software. 

PMF Search is limited to the analysis of digests from simple protein mixtures 
(usually three to five proteins). When there are peptides from too many 
different proteins in your spectrum, you do not achieve statistically significant 
scores because the more complex the protein mixture, the more non-matching 
(noise) peptides for any given protein. Use of the Mixture scoring option helps 
to overcome this limitation.

For Agilent TOF and Q-TOF .d data, you must copy masses from MassHunter 
Qualitative Analysis and paste them into Manual PMF search to use Spectrum 
Mill for that data type. This statement is also true for Agilent Mass Profiler 
and Mass Profiler Professional.
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Step 1. Find the compounds of interest in MassHunter Qualitative 
Analysis

The MFE settings in MassHunter Qualitative Analysis may need to be 
optimized for a given sample set or analytical condition.

1 Open MassHunter Qualitative Analysis.

2 Under the Data folder, select an Agilent TOF or Q-TOF .d file, and click 
Open.

3 In Method Explorer, click Find by Molecular Feature.

4 Under the Extraction tab and from the Target data type list, select small 
molecules (chromatographic). 

5 Click Ion Species and clear all check boxes except for +H and -H.

6 Click Charge State and from the Isotope Model list, select peptides.

7 Mark Limit assigned charge states to a maximum of and type 7.

8 Click Compound Filters, and clear Relative height, then specify an 
Absolute height estimated from an examination of the 5-10 compounds of 
lowest height/abundance.

9 Click Results and clear all check boxes in the tab except for the first one.

10 Click Find Compounds by Molecular Feature.

The compound list should resemble the one in Figure 73.
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Figure 73 MassHunter compound list

Step 2. Copy and paste compound masses into PMF Search
In this step you copy only the masses from all the compound features and 
paste them into the Manual PMF Search page.

1 Right-click the Masses heading, and select Copy Column to Clipboard > 
Using Newline separator.

2 Open the Spectrum Mill software.

3 Navigate to the PMF Search page from the Spectrum Mill home page.
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4 Click the Manual PMF button at the top of the page.

5 Paste your mass list into the Peptide Masses box. 

See Figure 74 on page 149.

Step 3. Search the MS-only data and display results
In this step you enter the remaining parameters and start a search.

1 If your masses represent protonated species, click MH+. If your masses 
represent neutral species, click M. 

2 If necessary, type charges for the masses in the Peptide Masses box. 

• If you clicked MH+, the software assumes a charge of +1.

• If you clicked M, the software assumes a charge of 0.

• A charge that you type into the box overrides the MH+/M settings.

3 For Masses are:

• You generally select Monoisotopic. With Monoisotopic, for H+, the mass 
calculation uses the mass of a proton rather than the mass of a hydrogen 
atom. 

• Select Monoisotopic no e- correction if your data is from an instrument 
such as MALDI QSTAR where the mass calibration is done in such a way 
that there is no correction for the loss of the electron for protonated 
species.

4 Set the other parameters. Click the blue divider bars for more information 
in the online help. 

5 Click Start Search.

6 When the search is complete, scroll down and check that you see PMF 
Search Results, as shown in Figure 75 on page 150.
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Figure 74 Manual PMF Search page 
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Figure 75 Manual PMF Search results 
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Step 4. Examine the results
• To see more search details, scroll down or click links under the Rank 

heading shown in Figure 75. Note that you see detailed results for only the 
top two hits.

• To view information in the database you searched, click a link under the 
Accession # header.

• To view amino acid coverage, click a link under the Protein Coverage 
header. In the coverage map:

• Red = matched

• Black = not matched

• Blue = modified amino acid, e.g., cysteine

• Green = consensus N-linked glycosylation site
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This chapter describes helpful tools that you can use when you process data 
with the Spectrum Mill workbench. These tools help you accomplish a range of 
tasks, from terminating processes to summarizing identification statistics. You 
access these tools from the Tool Belt page.
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To terminate a process 
The Spectrum Mill workbench performs functions like Data Extractor, MS/MS 
Search, and Sherenga de novo Sequencing by launching a parent script, which 
then repetitively launches child programs. The Stop button for a program 
aborts the parent script and prevents new child programs from starting. 
However, it does not abort the child program that is currently running. The 
child program runs until its normal conclusion unless it is aborted separately 
through the Stop Process button on the Tool Belt page. 

To use the Stop button on the main program page

Processes (such as Data Extractor, 
MS/MS Search, and Sherenga de novo 
Sequencing) that take longer than a few 
seconds have a red Stop process link 
that is displayed in the Results window 
where the process runs.

1 To abort a process, click the Stop process link.

2 Wait a few seconds until a message is displayed to indicate that the process 
has stopped. 

3 Stop child programs with the Stop Process button on the Tool Belt page. 
See the next section.

To use the Stop Process button on the Tool Belt page
The Stop button described above terminates the parent script, but not child 
programs. Go to the Tool Belt to terminate these child programs:

1 Navigate to the Tool Belt page and select the Stop process option, as shown 
in Figure 76. (This is the default.)

2 Click the List Processes button to list Spectrum Mill processes that are 
currently running on the server.

3 Select the processes you wish to stop.

4 Click the Stop Process button. 

5 Click List Processes again to make sure the stopped processes no longer 
appear in the list.
154 Spectrum Mill Workbench Application Guide



Using the Tool Belt 7
Figure 76 Stop process 

NOTE It is also possible to terminate parent processes from the Tool Belt page. This may be more 
convenient if you have navigated to another Spectrum Mill page and you no longer see the 
red Stop process link. Use the same instructions as for child processes.
You can also stop processes in the Request Queue if they are still queued, or if they are 
running with Maximize CPUs enabled.

CAUTION Avoid terminating processes initiated from other client PCs. You may be able to 
identify your processes by name. For example, the data extractor for Agilent Q-TOF 
files is called xtractorAgilent.cgi, while the data extractor for Agilent ion trap files is 
called xtractorAgilentTrap.cgi.
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To create a saved results file so you can search previous hits

The Spectrum Mill workbench allows you to save valid hits (protein 
identifications) and then search them again. For example, you can save a set of 
hits from an identity mode MS/MS Search and then search this set with a 
variable modifications or homology mode MS/MS Search. This saves time 
because the modified peptides you find in variable modifications or homology 
modes are often derived from the proteins you already identified in identity 
mode. The computation-intensive homology mode search is much faster when 
you search a smaller list.

When you create a saved results file, Tool Belt creates a *.res file (list of 
accession numbers) of valid hits. When you search this list, MS/MS Search 
reads this *.res file and gets entries from the database file. This requires you to 
both save and use the *.res file from the same data directory. 

To save hits from MS/MS Search:

1 Make sure you already have a set of search results you wish to save. The 
saved results file will contain only the search results for which you 
designated the protein identifications as “valid.”

2 Navigate to the Tool Belt page and click the option to Create saved results 
file, as shown in Figure 77.

3 Select the Database you previously searched.

4 Select the Data Directory where the search results reside. This is the same 
data directory where the data files reside.

5 Click the Create File button.

NOTE If you mark Search previous hits in the MS/MS Search page, it automatically creates a 
saved results file if it doesn’t exist. 
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Figure 77 Create saved results file
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To create an MS/MS Search summary file if search terminated 
abnormally

If your MS/MS Search terminated abnormally (e.g., because you aborted it), 
you can still create an MS/MS Search Summary File so that you can review 
partial results on the Protein/Peptide Summary page. To create this file:

1 Navigate to the Tool Belt page and click the option to Create MS/MS 
search summary file, as shown in Figure 78.

Figure 78 Create MS/MS search summary file 

2 Select the Data Directory for which you want to create a summary file.

3 Click the Create File button.
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To create a summary table of previously-used parameters
The Spectrum Mill workbench keeps a cumulative record of the parameters 
you set in programs such as Data Extractor, MS/MS Search, and Sherenga de 
novo Sequencing. This option can be helpful to diagnose problems because the 
settings are the internal Spectrum Mill variables, not those displayed in the 
Browser.

To view previously-used parameters:

1 Navigate to the Tool Belt page and click the View parameter table option, 
as shown in Figure 79.

Figure 79 View parameter table 

2 Select the Program for which you want to summarize parameters.

3 Select the Data Directory for which you want to summarize parameters.

4 Click the View button.

5 Check that you see a report like that shown in Figure 80. In the table, a dash 
indicates that the setting was the same as used previously.
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Figure 80 Parameter Table that shows settings used for an identity mode search and a 
subsequent variable modifications search
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To list details about amino acid modifications
1 Navigate to the Tool Belt page and click the List modifications details 

option, as shown in Figure 81.

2 Select an smconfig file: 

• smconfig.xml - includes all the modifications that are currently 
displayed in the Spectrum Mill pages. The file smconfig.xml is created 
automatically by merging smconfig.std.xml and smconfig.custom.xml 
(which is a configuration file your server administrator optionally 
creates). For details, click the Help link for Server Administration, then 
see the section on “To Add/Change Amino Acid Modifications.” 

• smconfig.std.xml - includes all of the modifications that are available 
when you first install the Spectrum Mill workbench

• smconfig.misc.xml - includes additional modification definitions that 
Agilent provides “as is”. They are provided as a convenience and can be 
copied into smconfig.custom.xml, but they have not been rigorously 
tested at Agilent.

3 Click the List button.

Figure 81 List modifications details 

The listed details include:

• Modification - the name you see in the Spectrum Mill pages

• Internal ID - the name used by the Spectrum Mill programs

• Type - the modification type (fixed, variable, or cyclic)

• Site(s) - the amino acid or peptide-terminal location(s) for the modification
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• Delta formula - the difference in chemical composition between the 
modified and unmodified site

• Delta mass (Da) - the monoisotopic mass difference between the modified 
and unmodified site
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To create a file of reporter ion correction factors
Proteomics calculations often use mass tags, such as iTRAQ (isobaric tags for 
relative and absolute quantitation) or TMT (tandem mass tags). The Tool Belt 
provides the capability to incorporate the correction factors from a certificate 
of analysis into a file within the Spectrum Mill workbench. iTRAQ corrections 
factors apply only to iTRAQ 4-plex quantitation, while you can have TMT 
correction factors for 2-plex, 6-plex, and 10-plex calculations. iTRAQ 8-plex 
correction factors do not vary by batch lot, so you do not need to enter them.

Once you have created the files with the correction factors, you can apply 
them to iTRAQ or TMT calculations for multiple samples. The files can store 
correction factors from multiple batches of iTRAQ or TMT reagents and are 
appended every time you type correction factors for a new batch number. 

To access the capability to store correction factors:

1 Navigate to the Tool Belt page.

2 Click Create Reporter Ion correction factors.

3 Refer to your certificate of analysis to fill in the page. See Figure 82 as an 
example.

4 Click the Create button.

5 To apply the correction factors from a particular iTRAQ or TMT batch to the 
calculations for your sample, see page 165.
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Figure 82 Create Reporter Ion correction factors, shown with example iTRAQ correction 
factors 
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To apply a file of reporter ion correction factors
After you have stored iTRAQ or TMT correction factors in a file (see page 163), 
then you can apply them to your data file so that the Spectrum Mill workbench 
can do all the final iTRAQ or TMT calculations. (You do not need to export 
results to Excel to finalize the calculations.)

1 Navigate to the Tool Belt page.

2 Click Apply Reporter Ion correction factors.

3 For Batch, select the batch number for the reagents you used with the 
samples.

4 Select the Data Directory that contains your data files. 

5 Click the Apply button.

Figure 83 Apply iTRAQ correction factors

When the software does iTRAQ or TMT calculations in Protein/Peptide 
Summary, it automatically applies the correction factors. Be sure to check the 
report for a message about the batch number of the correction factors that the 
software used.

NOTE If you copy or move your data files to a new directory, copy reporterIons.corrections.txt as 
well. This file must be present in the data directory so that future Spectrum Mill 
calculations can use the iTRAQ or TMT correction factors that it specifies.
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To calculate discriminant scoring coefficients
To have MS/MS Search calculate discriminant scores, you select among sets of 
standard Agilent discriminant scoring coefficients, either Q-TOF or ion trap. 
With this Tool Belt option you can create and update your own set of 
coefficients, but you must remember to use only validated hits.

To create your own set of coefficients:

1 Navigate to the Tool Belt page and click Calculate discriminant scoring 
coefficients.

Figure 84 Calculate discriminant scoring coefficients fields 

2 In the Name field, type a name for the new set of coefficients.

The name appears in the Name field.

3 Under Data Directory, click Select to choose the directory containing valid 
data results.

4 Click Create.

At the bottom of the page you see the calculations as they are done. After they 
have completed. The name of the new set of coefficients appears in the 
Discriminant Scoring selection list on the MS/MS Search page.
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To update your coefficients:
1 Navigate to the Tool Belt page and click Calculate discriminant scoring 

coefficients.

2 In the Existing Coefficient Sets list, select the coefficients you intend to 
update.

3 Mark the Update check box.

4 Under Data Directory, click Select to choose the directory containing valid 
data results.

5 Click Create.

NOTE The calculations can take some time. Wait for the calculations to complete before you 
leave or refresh the page. The Create button will be re-enabled when the calculations are 
done, and the new set will be listed in the Existing coefficients sets.
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To copy files to your collections directory
Use this tool to copy files from multiple directories to a single collection 
directory. It is typically used to consolidate exported summary files (.ssv) to 
one folder.

1 Navigate to the Tool Belt page and click the File collector option, as shown 
in Figure 85.

Figure 85 File collector

2 Select the From directories.

3 Select the To directory. Note that you cannot select a directory unless it 
contains a data file.

4 Under Files, modify the list to specify the files to copy in the From 
directories. Wildcards (*) are supported. 

5 Click the Copy Files button.

When the files are copied to the To directory, they are renamed with a prefix 
that includes the name of the From directory.
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To export PepXML files
PepXML format is a results exchange format that is supported by the 
Trans-Proteomic Pipeline from the Institute for Systems Biology. This format 
lets you import Spectrum Mill results into other software that supports the 
pepXML format, such as Skyline, an MRM data analysis package from the 
University of Washington. 

To convert search results to this format:

1 Navigate to the Tool Belt page and click Export PepXML.

Figure 86 Export PepXML fields

2 For Validation filter, select Valid or All.

3 If you want to include the top-ranked reversed hits, mark the check box for 
Integrate rank 1 reversed hits as pseudo <search hit> entries.

4 If you want to exclude the protein names, mark the check box for Omit 
protein names.
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5 Under Data Directories click Select to choose the data directory that 
contains the summary files you want to export. You may select one or more 
data directories.

6 Click Select to choose the Export directory to which you intend to export 
the PepXML-formatted data. If you do not select an Export directory, each 
data directory will contain its own PepXML files.

7 Click Export.

Note that the program converts the search summary file(s) to PepXML 
format, and puts the output file(s) in the selected Export directory for 
which they apply. The output files are of the form DataFileName.pep.xml.

8 To access these files, do one of the following:

• Click the link(s) from the output frame, under Spectrum Mill - Convert 
to PepXML.

• Navigate to the data folder and click to open the pep.xml file.
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To convert spectra
You use this tool to convert mzXML files to pkl files and pkl files to mzXML 
files.

As of Spectrum Mill B.04.01, the data extractors create mzXML files instead of 
pkl files. You can use this tool to convert the mzXML files to the pkl files 
required by other software packages.

If you have files that were extracted to pkl using prior versions of the 
Spectrum Mill workbench, you can convert pkl files to mzXML files with this 
tool. 

1 Navigate to the Tool Belt page and click Convert Spectra.

Figure 87 Convert spectra option

2 Choose either Convert pkl to mzXML or Convert mzXML to pkl.

3 For the former conversion, select the Validation filter (either all or valid).

4 Under Data Directories, click the top Select button to choose the directory 
that contains the spectra you intend to convert.

5 If you want to convert pkl files to mzXML files, click the bottom Select 
button to choose the Export directory. (If you want to convert mzXML files 
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to pkl files, you do not need to specify a directory. The pkl files go 
automatically to cpick_in under the corresponding data directory.)

6 Click Convert.
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To identify digest peptides likely to meet specific experimental goals 

(Peptide Selector) 176
To build MRM lists for triple quadrupole instruments 179
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Digest) 182
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This chapter describes Spectrum Mill workbench peptide and protein utilities. 
These utilities help you accomplish a range of tasks, from retrieving database 
entries using text searches to simulating protein digestions. You access these 
utilities from the Spectrum Mill home page.
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To archive data
This option lets you archive instrument-created files, search result files, 
spectral files and data directories, and lets you unzip search result files and 
spectral files. You archive data to create more available disk space. Once 
results are archived (zipped), you cannot summarize or view then until you 
click the Unzip option on the Spectrum Mill server.

Starting with Spectrum Mill workbench B.06.00, searches create the spo.zip 
file automatically. 

You can include Archive as a step in a workflow.

1 In the Utilities section of the Spectrum Mill home page, click Archive Data. 

2 Under Data Directories, click Select and choose the directory whose files 
and/or folder you intend to zip, move or unzip.

You can select only one at a time.

3 Select the general categories of files or directory you intend to archive and 
how you want to archive them. (Figure 88)

Below the options in each category, please read the description of what 
happens when you select an option. 

4 Click Archive.

NOTE You cannot unzip an entire data directory that has been zipped using the Archive tool. You 
must unzip it on the Spectrum Mill server.
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Figure 88 Archive Data selections 
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To identify digest peptides likely to meet specific experimental 
goals (Peptide Selector)

Peptide Selector runs theoretical digestions and then automatically selects 
from the theoretical peptides those that fit specific criteria. The most common 
uses are:

• List only those peptides suited to be synthesized with a stable isotope label 
and used for quantitation via a multiple reaction monitoring (MRM) 
experiment. 

• List only those peptides suited for incorporation into an accurate mass 
inclusion list to be used in a data-dependent MS/MS experiment. 

• List only those peptides expected to give doubly-charged ESI spectra.

• List only the likely detectable forms of all peptides that contain a possible 
phosphorylation site. 

• List only those peptides that contain cysteines.

• List peptides according to their predicted pI range for inclusion in target 
lists specific to a fraction from isoelectric focusing (IEF). This option can 
reduce the number of fractions that you must analyze to get the target 
proteins.

In many ways, Peptide Selector is similar to MS Digest, described on page 182. 
Both Peptide Selector and MS Digest run automatic protein digestions. The 
difference is that Peptide Selector additionally creates limited lists based on 
specific criteria.

1 On the Spectrum Mill home page, click the Peptide Selector link in the 
Utilities section. 

2 Check that you see the page shown in Figure 89.

3 To use an existing parameter file, click Load.

4 Set Digest Parameters and Product Ion Parameters. See the explanations 
in the online help.

5 Set Saved File Parameters. To see all the options for this section as shown 
in Figure 89 on page 178, mark the Generate inclusion or MRM list file 
check box. See the explanations in the online help.

6 Set Criteria for Excluding Peptides. These criteria allow you to set the 
rules to discard peptides that you do not want to include in the list. The 
excluded peptides do not appear in the final report.
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7 Click the Choose... button to select the modifications that match the 
chemistry for your samples. 

8 Under Protein(s) to Select From, set Database options as follows:

• To use a sequence from a database, select the appropriate database 
name. 

• To supply your own sequence, select User Protein and type or paste a 
sequence into the User-supplied sequence box. If you have multiple 
sequences, you can use a variety of delimiters, as found in HTML- and 
Excel-formatted Spectrum Mill reports.

9 Set Search Mode parameters as described in the online help.

10 Set the Scoring parameters.

If you do not get enough peptides to pass the filter, you can apply a penalty 
rather than excluding the peptides. When you mark the Penalize rather 
than exclude check box, the settings for which you can apply penalties 
change to green font. (Figure 89) These settings no longer cause peptides to 
be excluded. See the Online Help for details.

11 To save the changed parameters, click Save As.

12 Click Select.

See the Online Help to learn how to transfer the inclusion list to the Agilent 
MassHunter Data Acquisition software.
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Figure 89 Peptide Selector
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To build MRM lists for triple quadrupole instruments
The MRM Selector uses Spectrum Mill MS/MS Search results to create multiple 
reaction monitoring (MRM) lists for triple quadrupole instruments. You select 
data that has been searched, then filter the results to include only those 
peptides that meet certain requirements. The filters are similar to those in 
Protein/Peptide Summary.

1 On the Spectrum Mill home page, click the MRM Selector link in the 
Utilities section. 

2 Check that you see the page shown in Figure 90.

3 Set the Format and choose the Data Directories.

4 Set the Validation and Sorting parameters. They are very similar to the 
ones in Protein/Peptide Summary.

5 Set the MRM Parameters, which determine the contents of the MRM list. 
These specific settings depend on the Format you selected.

• The Agilent Q-TOF Data Extractor outputs the collision energy (CE), 
peak apex, and chromatographic peak width in the specFeatures.tsv file 
in order to use these values in MRM and dynamic MRM (DMRM) 
generation. 

• You may instead choose to let the program calculate the collision 
energies based on an equation. 

• You have the option to type a chromatographic peak width that will 
apply for all peaks in the DMRM analysis. This peak width, which 
corresponds to the delta RT setting in the MassHunter Data Acquisition 
software, is the retention time window for which the MRM transitions 
are monitored. For example, if you have a peak apex at 2.5 min and a 
delta RT of 1.0 min., the MassHunter Data Acquisition software monitors 
the MRM transitions for that peak from 2.0 min until 3.0 min. 

6 Click Select MRMs.

7 See the online help to learn how to transfer the MRM list into MassHunter 
Data Acquisition software.
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Figure 90 MRM Selector
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To align sequences (Multiple Sequence Aligner)
The Multiple Sequence Aligner enables alignment and comparison of the 
amino acid sequences of proteins that are present in a database. This 
stand-alone utility within the Spectrum Mill software highlights the amino 
acids that differ among the sequences. (When you access multiple sequence 
alignment from Protein/Peptide Summary, the software highlights the 
identified peptides within the sequence.)

1 On the Spectrum Mill home page, click the Multiple Sequence Aligner link 
in the Utilities section. 

2 Check that you see the page shown in Figure 91. 

3 Select the name of the database that contains the proteins you wish to 
align.

4 Type the accession numbers of the proteins that you wish to compare.

5 Click the Align button.

Figure 91 Multiple Sequence Aligner 

NOTE If the database is too large, the alignment does not work properly. In that case, create a 
subset database before you do the alignment.
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To list peptides that correspond to a theoretical protein digest (MS 
Digest)

MS Digest runs theoretical digestions and calculates masses of peptides that 
result. The program accepts both user proteins and sequences from databases.

1 On the Spectrum Mill home page, click the MS Digest link in the Utilities 
section. 

2 Check that you see the page shown in Figure 92. 

3 Click the Choose... button to select the modifications that match the 
chemistry for your samples. For details, click the blue bar labeled 
Modifications to access the online help.

4 Fill in the other options. See the explanations below and in the online help. 
In general, you should keep the default values, except for settings that are 
highlighted in red.

5 If you want to include a User-specified amino acid, indicate it with a 
lower-case u in the Protein sequence box, and then specify an elemental 
composition.

6 Click Digest.
182 Spectrum Mill Workbench Application Guide



Using Spectrum Mill Utilities 8
Figure 92 MS Digest 

Database To select a sequence from a database, select the appropriate database name. 
To supply your own sequence, select User Protein and supply a sequence in 
the Protein sequence box.

Retrieve
database entry

by:

When you select a database name, you then have two choices:

• Select Accession Number and supply the correct Database accession 
number in the box to the right.

• Select Index Number and supply the correct MS Digest index number in 
the box to the right.

The Accession Number and Index Number entries apply only if you have 
selected a database name as the Database option. If you have selected User 
Protein, these entries are ignored.
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To retrieve database entries using text searches (MS Edman)
MS Edman allows you to search text fields (such as sequence, name, accession 
number or species) in protein databases.

MS Edman can help identify a protein if you know only the molecular weight 
of a tryptic fragment and some of the sequence. For example, if you know a 
peptide mass and some sequence information from de novo sequencing, then 
MS Edman is a useful search tool.

MS Edman is also the first step when you want to create a specialized subset 
database of entries that match your text search criteria. For example, you 
could use MS Edman to find all proteins that contain a certain amino acid 
sequence. If you marked the Save hits to file check box on the MS Edman 
page, you could then use Protein Databases to create a subset database from 
these saved results. See “To create a subset database from saved hits” on 
page 204.

1 On the Spectrum Mill home page, click the MS Edman link in the Utilities 
section. 

2 Check that you see the page shown in Figure 93.

3 Set options for Search, Search Parameters, and Modifications. See 
explanations in the online help. 

4 Select a Search Mode. Your choice determines which additional options 
appear. There are three types of search modes:

• Sequence Only: Search for an amino acid sequence. Type the sequence 
as a Regular expression. (See the next step.)

• Sequence and Mass: This is the same as the Sequence Only mode, with 
the addition that search results are filtered by peptide mass. Type a 
sequence and mass(es).

• Name, Accession Number or Species: Type one of these in the box 
below.

5 To type the sequence in the box under Regular expression, use regular 
expressions that the UNIX® grep command understands. Think of regular 
expressions as very intelligent wild cards. Use the following guidelines:

• WVTF (no brackets) means the sequence is exactly WVTF. Use this type 
of designation for parts of the sequence that are known with certainty.

• [AK] means the amino acid is either A or K. The program searches for 
either one.
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• [^EF] means the amino acid is neither E nor F. The program searches for 
all other possibilities.

• . (period) means a single amino acid is unknown. The program searches 
for all possibilities.

• .* (dot star) means a section of the sequence is unknown. The length of 
that section is not specified. For example, FMQ.*K means that the 
sequence begins with FMQ and ends with K, but there is a section of 
unknown sequence of unspecified length in the middle.

In the example shown in Figure 93, the sequence is: either A or K, followed 
by either A or K, followed by PV, followed by either I or L, followed by ED, 
followed by either I or L, followed by R.

For more information on the grep command, go to a UNIX® system and type 
man grep, or search the internet for grep.

6 Click the Start Search button.

Figure 93 MS Edman
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To list theoretical fragment ion masses for peptides (MS Product)
MS Product calculates theoretical ion masses from peptides that undergo 
dissociation via post-source decay or high- or low-energy collision-induced 
dissociation.

1 On the Spectrum Mill home page, click the MS Product link in the Utilities 
section. 

2 Check that you see the page shown in Figure 94. 

3 Fill in the options. See the online help for explanations. Note that under 
Product Ion Types, you need to select the ion types that are appropriate for 
your instrument.

4 If you want to include a user-specified amino acid, indicate it with a 
lower-case u in the Sequence box, and then specify an elemental 
composition at the bottom of the page.

5 Click the Fragment button.
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Figure 94 MS Product
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To list amino acid compositions that fit precursor mass and partial 
composition (MS Comp)

MS Comp fills in possible amino acid compositions for a peptide, given a 
peptide mass and partial composition determined from immonium ions 
present in MS/MS spectra.

1 On the Spectrum Mill home page, click the MS Comp link in the Utilities 
section. 

2 Check that you see the page shown in Figure 95. 

3 Select the Combination type. You have three choices:

• Select Amino Acid to get a list of amino acids.

• Select Peptide Elemental to get a list of elemental compositions 
corresponding to these amino acids.

• Select Elemental to get a list of elemental compositions without regard 
to whether or not they could be peptides. This option speeds searches at 
higher masses.

4 In the Peptide section, type an m/z value and select possible Ion types that 
correspond to this m/z value.

5 Fill in the other options. See the explanations in the online help.

6 Click the Composition button.
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Figure 95 MS Comp
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To show isotope patterns of peptides (MS Isotope)
MS Isotope calculates and displays isotope patterns of peptides. 

1 On the Spectrum Mill home page, click the MS Isotope link in the Utilities 
section. 

2 Check that you see the page shown in Figure 96. 

3 Select Peptide sequence to display the isotope pattern for a peptide 
sequence, or select Elemental composition to display the isotope pattern 
for an elemental composition. The other options change accordingly.

4 Fill in the options. For explanations, see the online help.

5 Click Calculate.

Figure 96 MS Isotope
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To search a database with a list of peptide sequences (Peptide 
String Match)

Peptide String Match finds peptides that contain a specific sequence of amino 
acids.

1 On the Spectrum Mill home page, click the Peptide String Match link in the 
Utilities section. 

2 Under Database, select the name of the database for which you want to find 
peptides that match a given peptide sequence 

3 For Subset of Accession #'s to search, type or paste the accession 
numbers. Leave the box empty if you want to find all proteins in the 
database that match your criteria.

4 Mark check boxes for the options you wish to use:

• All gene symbols - Supported only for UniProt, SwissProt and IPI 
databases 

• All Matched Peptides - Select to show the peptide sequences that were 
matched.

• Species 

• All accession numbers - Select to show the protein accession numbers 
for the peptides that were matched.

• All Start AA - Select to show the locations of the peptide sequence in the 
proteins.

• Link to ClustalW Multi-Aligner - Provides a link to align the sequences 
of the matched proteins with the input peptide highlighted.

• Link to Database Website

• Show flanking sequence around variable modification sites - Select 
this option to indicate the variable modification site motif within the 
number of residues indicated, and for the selected modifications.

5 For Enter peptide sequences, type or paste the sequences you wish to 
match

6 Click Find Peptides.
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Figure 97 Peptide String Match utility 
192 Spectrum Mill Workbench Application Guide



Using Spectrum Mill Utilities 8
To calculate the masses and formulas for peptides
With the Peptide List to Masses utility, you can have the program calculate the 
masses and formulas for a set of peptides you specify.

1 On the Spectrum Mill Home page, under Utilities, click Peptide List to 
Masses.

Figure 98 Peptide List to Masses utility 

2 From the Calculate masses as: list, select how to calculate masses.

3 Type a minimum and maximum charge for the Reported precursor charge.

4 Next to Limit actual charge by:, select to limit the charge by the arginine, 
histidine and lysine present (RKH present), by those three amino acids 
plus glutamine and asparagine (RKHQN present), or by the Min and Max 
specified in the previous line (Above min/max).

5 Click Choose to select the modifications.

6 Type the Peptide Sequences whose masses and formulas you want to know.

7 Click Calculate.
Spectrum Mill Workbench Application Guide 193



8 Using Spectrum Mill Utilities
194 Spectrum Mill Workbench Application Guide



Agilent G2721AA/G2733AA Spectrum Mill MS Proteomics Workbench
Application Guide
9
System Administration
Manipulating sequence databases 196
Other system administration tasks 211

This chapter describes system administration tasks to install, maintain, and 
customize sequence databases, and to customize various aspects of the 
Spectrum Mill workbench. This chapter covers the highlights; you can find 
additional information in the online help. See millhtml\SM_instruct\faman.htm 
and millhtml\SM_instruct\servadmn.htm. You can link to these from any 
Spectrum Mill help page. The Protein Databases link takes you to faman.htm, 
while the Server Administration link takes you to servadmn.htm.
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Manipulating sequence databases

To install or update databases
A number of public protein and DNA sequence databases are available via the 
Internet. Here is how you install them:

1 Establish an internet connection to a site that has a database available for 
download. 

• The easiest way to connect is to click the appropriate link in the 
“Updating Databases” section of the online help file faman.htm (help for 
the Protein Databases page). If the links have become obsolete, check the 
Agilent Software Status Bulletin and Patches Web site for a file update. 
See the Quick Start Guide for details to connect to this Web site. 

• If you want to automate this process, you may want to use an ftp utility.

2 To download the database file, drag the file (zip format) from the browser 
window to an open directory window on your Spectrum Mill server. For 
performance reasons, it is best to:

• Locate the databases in a separate drive from the rest of the Spectrum 
Mill files.

• Locate the databases on the Spectrum Mill server PC rather than on a 
remote computer.

3 Use a ZIP file utility program to extract the database file into the seqDB 
directory in your Spectrum Mill workbench installation.

4 Rename the database file with the required name prefix, as described in the 
online help. Use capital letters exactly as described in the online help. This 
prefix is critical for the Spectrum Mill workbench to parse the header for 
each protein to retrieve protein name and species information. Use of a file 
extension (such as .fas) is optional.

NOTE When you update a database, use the same file name. Do not append a new suffix. 
Otherwise, you will have problems when you review older data.
You must recreate database indices each time you update a database.
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5 If you download a second database of the same FASTA format, and you 
want to link to different URLs from the search results, you rename the 
second database with a similar lower case database prefix. See the 
“Updating Databases” section of the online help file faman.htm. See also “To 
change the URLs of HTML links in the search results” on page 212.

6 If you want to search a user-created database, it is important to know the 
FASTA format of the database and to follow Spectrum Mill naming 
conventions. See the “The Spectrum Mill Workbench File Naming 
Conventions for Proprietary/Generic FASTA Databases” in the online help 
file faman.htm.

7 Follow directions in the next section to create database indices. 
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To create database indices
1 If you have not done this before, read the explanation at the end of the task.

2 If you wish to use the command line version of Protein Databases for 
automation purposes, skip the rest of this section and see the online Help 
for Protein Databases. Read the section entitled “The Command Line 
Version of Protein Databases.” Otherwise, continue to the next step.

3 To use a browser window to create indices, click the link to the Protein 
Databases page from the Utilities section of the Spectrum Mill home page. 

4 Select the Create indices for new database option. 

5 Check that you see the page shown in Figure 99.

6 Type the exact name of the new database. Be sure to use capital and 
lower-case letters exactly as in the database name.

7 Click the Create Indices button.

8 As the indices are created, check that you see a display like the one in 
Figure 100.

9 Click the Back arrow to return to the Protein Databases page.

10 Click Update Database List and verify that the database you just indexed 
appears in the list of databases.

Figure 99 Create indices for new database 
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Figure 100 Display while database indices are created

Indices serve a number of useful purposes in the Spectrum Mill workbench, 
including:

• Faster output generation when you review results

• Accelerated searches when you use molecular weight or species filters. See 
“To create a species and protein molecular weight subset database” on 
page 201.

• Searches of results saved from other search programs. See “To create a 
saved results file so you can search previous hits” on page 156 and “To 
create a subset database from saved hits” on page 204.

• Creation of custom databases. See “To create a user (proprietary) database 
or add sequences to one” on page 206.

NOTE Spectrum Mill indices bear no relationship to indices used in another popular protein 
database search program.
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To re-index an existing database
Do this when you download a new version of a database.

1 Click the link to the Protein Databases page from the Utilities section of 
the Spectrum Mill home page. 

2 Select the Re-index existing database option. 

3 Check that you see the page shown in Figure 101.

4 For Existing database to re-index, select a name.

5 Click the Re-index button.

6 Click Update Database List and verify that the database you just indexed 
appears in the list of databases.

Figure 101 Re-index an existing database
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To create a species and protein molecular weight subset database 
For faster searches, you create subset databases based on species and 
molecular weight filters. 

1 To create a subset database, click the link to the Protein Databases page 
from the Utilities section of the Spectrum Mill home page.

2 Select the Create species subset database option. 

3 Check that you see the page shown in Figure 102.

4 Fill in the page. Choose a descriptive suffix for the database, such as 
“human” or “yeast.”

5 Click the Create button. 

6 In this example, the created subset database is SwissProt.mammals.

Figure 102 Create species and protein molecular weight subset database

NOTE Because of inconsistencies in the way species information is organized in different 
databases, the Spectrum Mill workbench cannot read about 1 to 2% of the species 
designations in NCBInr, and may not read all the species information in trEMBL or 
SwissProt. To create a molecular weight subset database from these databases, set the 
Species filter to All. 
The species.txt file can be edited to improve the species filtering
Spectrum Mill Workbench Application Guide 201



9 System Administration
Manipulating sequence databases
To generate a database summary report
You use a database summary report to view a range of database entries. This 
report is useful for troubleshooting.

1 To create a summary report, click the link to the Protein Databases page 
from the Utilities section of the Spectrum Mill home page.

2 Select the Database summary report option. 

3 Check that you see the page shown in Figure 103.

4 Fill in the page. A typical Index number range is 1 to 100. The summary 
report will then allow you to see the next 100 (or your range), and so on.

5 Click the Summarize button.

Figure 103 Database summary report
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To concatenate databases (FASTA files)
You use concatenate FASTA files to combine databases. The files you 
concatenate must reside under the SeqDB folder. If you concatenate all files in 
a folder, the folder must reside under SeqDB.

1 To combine databases, click the link to the Protein Databases page from 
the Utilities section of the Spectrum Mill home page.

2 Select the Concatenate FASTA files option. 

3 Check that you see the page shown in Figure 104.

4 Click either Select files to concatenate or Concatenate files in folder.

5 Select the existing databases to concatenate, or (if you clicked Concatenate 
files in folder) enter paths to FASTA files.

6 Click the Concatenate button. The new database is created in the SeqDB 
folder.

7 After concatenating, you can use the Make Non-redundant tool to remove 
redundant entries. 

Figure 104 Concatenate FASTA files
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To create a subset database from saved hits
The Spectrum Mill workbench allows you to create a subset database from a 
*.res file (list of accession numbers) you save in MS Edman. This is useful 
because MS Edman allows you to do a text search on a database and then save 
the results. The text search could find, for example, all proteins with a given 
name, or all proteins that contain a certain partial amino acid sequence. You 
use Protein Databases to read the *.res file and create a new subset database. 
You can then use any of the Spectrum Mill database search programs to search 
this database from any data directory.

1 Make sure you have already run MS Edman and saved hits to a file.

2 To create a subset database, click the link to the Protein Databases page 
from the Utilities section of the Spectrum Mill home page. 

3 Select the Create subset with indices from saved hits option. 

4 Check that you see the page shown in Figure 105.

5 Fill in the page. Be sure to use a unique suffix so you don’t overwrite 
previously-created databases.

6 Click the Create button.

Figure 105 Create subset database with indices from saved hits
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To make a subset FASTA file from Accession Numbers
This option creates a subset FASTA file from accession numbers that you type. 
It is useful for limiting searches to the set of proteins of particular interest.

1 Under the Utilities section of the Spectrum Mill Home page, click Protein 
Databases.

2 Click the Make subset FASTA file from Accession Numbers option.

Figure 106 Make subset FASTA file from Accession Numbers option

3 In the Suffix for subset database field, type the name of the suffix for your 
database.

4 From the Database list, choose a database.

5 Type the accession numbers you want to include, separated by a semi-colon 
(;).

6 Click Make Subset.

7 On the Spectrum Mill server, navigate to the folder where your databases 
are stored (for example, D:\seqdb).

Note the new files created there.

8 Create indices for the new subset database. See “To create database 
indices” on page 198.
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To create a user (proprietary) database or add sequences to one
The Spectrum Mill workbench allows you to create and search your own 
FASTA-format databases.

1 To create a user database, click the link to the Protein Databases page from 
the Utilities section of the Spectrum Mill home page. 

2 Select the Create or append user database option. 

3 Check that you see the page shown in Figure 107.

4 Follow procedures in the online help document faman.htm. It is best if you 
read the entire document. As a minimum, read the following two sections:

• “Creating or Appending to a Database Containing User Supplied Protein 
or DNA Sequences” 

• “The Spectrum Mill Workbench File Naming Conventions for 
Proprietary/Generic FASTA Databases.” (The database will not work if 
you fail to name it correctly.)

Figure 107 Create or append to user database
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To compare two databases
With this utility you can compare the listings of two databases to view their 
similarities and differences.

• Longest and shortest proteins in the two selected databases

• # of entries of exactly matching sequences

• # of matching entries with different accession #s

• # of entries in one database with no matching sequences in the other

• Sequence Length Histograms for both databases

1 From the Utilities section of the Spectrum Mill Home page, click Protein 
Databases.

2 Click Compare two databases.

3 Select a database from the Database 1 list.

4 Select a database from the Database 2 list.

Figure 108 Compare two databases option

5 Click Compare.
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To calculate statistics
If you choose this option, the program calculates these statistics:

• Number of entries with leading methionine

• Number of distinct peptides of length 8-40

• Number of non-distinct peptides of length 8-40

• Most repeated peptide

• Distinct Peptide Redundancy Histogram

• Sequence Length Histogram

1 From the Utilities section of the Spectrum Mill Home page, click Protein 
Databases.

2 Click Calculate Statistics.

Figure 109 Calculate statistics option 

3 From the Database 1 list, select the database for which you want the 
program to calculate statistics.

4 Click Calculate Stats.

5 Click Update Database List.
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To remove redundant database entries
1 From the Utilities section of the Spectrum Mill Home page, click Protein 

Databases.

2 Click Make Non-redundant.

Figure 110 Make Non-redundant option 

3 From the Database list, select the database for which you want the program 
to remove redundant entries.

4 Click Make Non-redundant.

The “non-redundant” file will be named the same as the selected database, but 
with “nr” appended. For example, specifying NCBInr.yeast will create the 
non-redundant file named NCBInr.yeastnr.
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To create a category file
This option creates a subset FASTA file from accession numbers that you type. 
A category file is used in Protein/Peptide Summary, where you can create 
your own report fields to associate with a protein. When you mark the check 
box for Categories in the Review Fields within Protein/Peptide Summary, the 
program displays the user-defined category for each protein. For more 
information, see the online Help for Server Administration.

1 Under the Utilities section of the Spectrum Mill home page, click Protein 
Databases.

2 Click the Create category file option.

Figure 111 Create a category file 

3 From the Database list, choose a database.

4 Click Create File.

5 On the Spectrum Mill server, navigate to the folder where your databases 
are stored (for example, D:\seqdb).

Note the new file created there.

6 Create indices for the new category file. See “To create database indices” on 
page 198.
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Other system administration tasks

To add custom amino acid modifications
To set up custom amino acid modifications, start with the file 
\msparams_mill\smconfig.custom.empty. 

1 Copy smconfig.custom.empty to smconfig.custom.xml.
2 Create definitions for modifications and/or mappings for homology search 

modes. 

• To make the task easier, examine the files smconfig.std.xml or 
smconfig.misc.xml for modification definitions that are similar to the ones 
you need. You may copy and paste these definitions into your 
smconfig.custom.xml file, and then modify the definitions. 

• See the online help document SMCustomModifications.pdf for details and 
syntax for adding modifications.

3 To make your custom modifications available in the software, run the perl 
script \millscripts\updateModsFile.pl or click the Choose... button in one of the 
Spectrum Mill pages.

• The Spectrum Mill workbench automatically combines the 
smconfig.custom.xml file and the smconfig.std.xml file to produce the 
smconfig.xml file that is used by the Spectrum Mill programs. 

• When the software creates the smconfig.xml file, definitions in 
smconfig.custom.xml override any definitions in smconfig.std.xml. 

CAUTION Do not modify smconfig.std.xml or smconfig.xml.
The file smconfig.misc.xml contains definitions that are provided as a convenience 
but that have not been thoroughly tested at Agilent. Please verify the definitions 
before you use them.

NOTE The smconfig.custom.xml file is not overwritten during a re-install of the Spectrum Mill 
workbench.
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To change the URLs of HTML links in the search results
By default, search results use the HTML links shown in Table 8. You edit text 
files listed in the last column of Table 8 to change these links. 

1 Make a backup of each file before you modify it.

2 Edit the file. See the online help document servadmn.htm for details.

To enable the HTML link to BLAST search
If you wish to have the amino acid sequence in Protein/Peptide Summary link 
to BLAST (Basic Local Alignment Search Tool), edit the file millscripts\
libSpecMill\lsmGlobals.pm.

1 Make a backup of the millscripts\libSpecMill\lsmGlobals.pm file.

2 Open the millscripts\libSpecMill\lsmGlobals.pm file in a plain text editor (e.g., 
Notepad) to edit it.

3 Change the following line (near line 36): 

• From: $GLOBAL_ADD_BLAST_LINK = 0; 

• To: $GLOBAL_ADD_BLAST_LINK = 1;

4 Save the file.

If you enable the BLAST link, be aware that it will take longer to load large 
data sets in Protein/Peptide Summary.

Table 8 HTML links in search results

Click this To go to this Text file to edit link

Accession number Remote database entry msparams_mill\
urlsAccessionNum.txt 

MS Digest index number MS Digest results for database 
sequence

msparams_mill\
urlsIndexNum.txt 

Amino acid sequence (in 
individual MS/MS or PMF 
search results)

MS Product listing for that 
sequence

msparams_mill\urlsSequence.txt 
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To add/change options related to biology/chemistry
The Spectrum Mill workbench allows you to modify a number of parameters 
related to the biology or chemistry of your study. To customize these options, 
you modify text files in the folder msparams_mill.
1 Archive each file before you modify it.

2 Edit the file(s). See the online help document servadmn.htm for details. For 
edits that involve smconfig.custom.xml, see also “To add custom amino acid 
modifications” on page 211.

The biology/chemistry options that you can change include:

• Species filter (species.txt)
• Cysteine modification options (smconfig.custom.xml)
• N- or C-terminal groups (smconfig.custom.xml)
• Other custom amino acid modifications, including those used for 

differential expression quantitation (smconfig.custom.xml)
• Elements (smconfig.custom.xml)
• Enzyme cleavage rules (enzyme.txt)
• Categories of proteins (categories.#.tsv)

To add instrument types
You can add instrument types and configure MS/MS Search scoring and peak 
detection parameters for these instruments. 

See the online help document servadmn.htm for details.

1 Archive these files before you modify them:

• msparams_mill\instrument.txt
• millhtml\SM_js\instrument.js 

2 Edit the files. 
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To configure IEF Selector defaults
For Peptide Selector, you can configure these options for isoelectric focusing 
(IEF): 

• pH range choices

• Fraction choices

Both are configured by editing JavaScript in the file protChem.js, which is 
located under \SpectrumMill\millhtml\sm_js on your server. Save a backup copy 
of protChem.js prior to editing. Once edits are complete, save a backup copy of 
the updated file so you can restore it if you reinstall the Spectrum Mill 
workbench. To edit protChem.js, you must have knowledge of JavaScript syntax.

To customize the list of pH ranges to select:

1 Edit protChem.js.

2 Look for the displayIEFpHSelections() function near the bottom of the file.

3 Customize the function to add the appropriate "<option>" elements to the 
selection lists.

4 Save the file, refresh the Peptide Selector page, and verify that the new 
selections are present and no JavaScript errors occur.

5 Save a backup copy of the updated protChem.js.

To customize the list of fractions to select:

1 Edit protChem.js.

2 Look for the displayIEF_fractions() function near the bottom of the file.

3 Customize the function to add the appropriate "<option>" elements to the 
selection lists.

4 Save the file, refresh the Peptide Selector page, and verify that the new 
selections are present and no JavaScript errors occur.

5 Save a backup copy of the updated protChem.js.
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To maintain server performance
To maintain server performance:

• Periodically archive data that is no longer needed; remove it from the server 
and defragment the data drive. 

Use the Tool Belt feature for archiving data to zip up files in folders that are 
not necessary for your current projects. You can unzip them if you need to 
look at or reprocess the data later.

• Always defragment the database drive after installing a new database.

Spectrum Mill data directories contain many very small files. Over time, disk 
fragmentation from accumulated files causes newly-added raw data files to 
become heavily fragmented. If you fail to defragment the data drive, Data 
Extractor speed declines. 

If you fail to defragment the database drive, search speeds decline.

To use server administration scripts
The milladmin folder provides scripts that system administrators may use to 
configure the Spectrum Mill installation. These scripts:

• Configure IIS for the Spectrum Mill workbench

• Set file permissions for critical Spectrum Mill files

• Set file access permissions for msdataSM and subfolders

• Create data file placeholders to allow you to remove raw data files

 For details, click the Help link for Server Administration, then see the section 
on “Server Administration Scripts (milladmin folder).” 
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To avoid problems with connection time-outs
The default Internet Information Server (IIS) settings applied by the Spectrum 
Mill installation may not be suitable when you process large data sets with 
long extraction and search times. To avoid having your connections time out, 
change IIS settings on the Spectrum Mill server. To change settings, click the 
Help link for Server Administration, then see the section on “Resolving 
Connection Timeout Problems.”

To configure server with drives other than the default configuration
1 Read the discussion below.

2 If the hard drive configuration changes (e.g. additional hard drive 
installed), then you need to uninstall and reinstall the Spectrum Mill 
software to see new partitions. If you need to move the collected data to a 
new data storage path, you must do this manually.

The Spectrum Mill installation program examines your current drive 
configuration and allows you to select from the partitions available where to 
install the Spectrum Mill program and example data. The default choice is the 
largest partition found. This path is highly recommended since all data used 
with the Spectrum Mill program must reside in the same partition as the 
program, and because the data will require the most space for storage.

The software installation also allows you to designate the location for the 
database(s). By default, the second largest partition is selected, but as with the 
program and data, you can change this designation. The second largest 
partition is recommended for installation of the databases because they are 
typically very large in size. (For example, NCBI in 2015 required 28 GBytes.) 
You should assign the Windows® Paging File location to the same partition 
since few disk writes will occur that could lead to fragmentation of the Paging 
File.
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To remove and reinstall the Spectrum Mill workbench
If you wish to remove and reinstall the Spectrum Mill workbench, see the 
Spectrum Mill MS Proteomics Workbench Installation Guide.

If you remove the Spectrum Mill workbench and intend to reinstall it, note the 
following:

• Software removal does not delete the data folders (msdataSM), the protein 
databases (seqDB), or the workflow-related files (millauto).

• Be sure to archive and restore any configuration files that have been 
customized for your site. These might include:

• millhtml\sm_js (instrument.js, massOpt.js, protChem.js, species.js)

• millscripts\libSpecMill\lsmGlobals.pm
• msparams_mill (various *.txt files, including contaminant mass list files)
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To limit the number of parallel workflow processes to less than the 
CPU count

Before you modify any files, be sure to archive the originals so they can be 
restored if necessary!

When you execute a workflow, its tasks are added to the Spectrum Mill 
Request Queue, and executed in order for a particular data folder. If you select 
multiple data folders, the data folders are processed in parallel (extraction 
and search tasks) if you have more than one CPU. 

The Spectrum Mill installation configures the number of parallel processes to 
one less than the number of (logical) CPUs. If you disabled hyperthreading 
after you installed the Spectrum Mill workbench, you should reduce the 
default value to one less than the number of processors viewed in Windows 
Task Manager.

To modify the maximum number of CPUs, first stop the Windows Service 
Request Manager (SRM). Then edit the file:

E:\SpectrumMill\millsrm\SMSRM.config 
1 Find the line that contains maxConcurrentTasks. The line of text is similar to 

this example: <provider hostname="localhost" available="true" 
maxConcurrentTasks="3" minRequiredTaskMemoryGb="2">
For multicore processing, the new setting minRequiredTaskMemoryGb="2" is 
the minimal amount of free memory available for Spectrum Mill to run 
more than one concurrent task. (The minRequiredTaskMemoryGb setting 
prevents you from running out of memory if you use Maximize CPUs to 
queue multiple extractions.)

2 Change the number after maxConcurrentTasks and resave the file.

3 Restart the SRM service for the new setting to take effect.

See “To start and stop the Spectrum Mill Workflow Manager Service” below.
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To start and stop the Spectrum Mill Workflow Manager Service
Spectrum Mill uses a Windows Service Request Manager (SRM) service to 
process workflows. The “Spectrum Mill Workflow Manager Service” is 
configured to automatically start when Windows starts.

To stop the service:

1 Wait until the Request Queue is empty. (Anything in the queue will be lost.)

2 Navigate to E:\SpectrumMill\millsrm.

3 Right-click stopSRM.bat and select Run as administrator.

4 If the service continues to run, as a last resort, stop it with Windows Task 
Manager. In the Processes tab of Task Manager, click SRMHostSvc.exe, and 
then click End Process.

To start the service:
1 Navigate to E:\SpectrumMill\millsrm.

2 Right-click startSRM.bat and select Run as administrator.
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This chapter begins with an architecture overview and then lists the files the 
Spectrum Mill workbench creates as you process results from analyses of 
protein digests. The file lists are organized by data processing module. Since 
the Spectrum Mill modules automatically create and call these files as needed, 
you don’t need to know about them to use the software. They are listed as an 
aid to troubleshoot data processing, to selectively remove parts of the 
processing, and to decide which files to archive.
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Architecture Overview
The following figure shows an overview of the Spectrum Mill architecture, 
including programs, scripts, and some of the files that are produced. For more 
details on the files, see the tables that follow.

Note that the *.spo files are temporary, but the program creates an spo.zip file 
to store them permanently.

Figure 112 Architecture for MS/MS workflow 
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Data Extractor (MS/MS raw data)
Table 9 lists the files created when you run the MS/MS raw data extractor. 
These are all created under the msdataSM directory, in the subdirectory that 
contains your raw data files. All are text files; you can open them with 
Notepad.

*

Table 9 Files created by MS/MS raw data extractor

Files and Folders Created Contents Notes

parentChargeCheck.txt • Scan number in format 
Data_File_Name.####, where #### is 
the scan number

• Charge assignment for precursor ion
• Precursor ion
• Number of b/y pairs found

xtractorRejectReasons.txt • Scan number in format 
Data_File_Name.#### for single scan or 
Data_File_Name.aaaa.bbbb for merged 
scans, where
• aaaa = first merged scan
• bbbb = last merged scan

• Reject reasons. Examples are:
• Scans merged based on precursor ion 

and time window tolerances
• Minimum sequence tag length 

requirement not met
• Precursor ion out of range specified for 

MH+

• <4 peaks after picking

• Useful to troubleshoot data extraction 
problems.

runStats.txt • Various statistics for the extractor run, 
including numOutputFiles, which is the 
number of extracted spectral files

SpecFeatures.1.tsv • Spectral features calculated for each 
spectrum

xtractor.1.params • Record of data extractor parameters
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cpick_in\*.pkl • Series of files - one for each spectrum 
extracted

• File name in format: 
Data_File_Name.aaaa.bbbb.c.pkl, where
• aaaa = first merged scan
• bbbb = last merged scan
• c = assigned precursor charge (0 means 

charge was ambiguous)

• If you rerun the Data Extractor using a 
new set of extraction parameters, mark 
the check box to Remove all prior 
results.

• Agilent Q-TOF and Thermo .raw data 
extractors generate mzXML files rather 
than *.pkl files.

Series of folders in the 
subdirectory that contains 
your data file(s). Folders are 
listed in next column. 

• cpick_in
• fit_batch_in
• results_msedman
• results_msfit
• results_mstag
• results_sherenga

*.aph for .d (Agilent) files
*.rph for .raw (Thermo) files
*.gph for .mgf (generic 
extractor)
*.lnk for a linked archive file

• These are placeholder files that correlate 
extracted spectra with original raw data file.

• File name in format: 
Data_File_Name.xxx, where “xxx” is 
the file suffix.

Table 9 Files created by MS/MS raw data extractor (continued)

Files and Folders Created Contents Notes
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Data Extractor (generic data)
Table 10 lists the files created when you run the generic data extractor. These 
are all created under the msdataSM directory, in the subdirectory where you 
placed your appended *.pkl spectral files, (or one level above the cpick_in 
subdirectory where you placed your individual *.pkl or *.dta spectral files). All 
are text or html files.

Table 10 Files created by generic data extractor

Files and Folders Created Contents Notes

parentChargeCheck.txt • Headers for scan number and charge 
assignment

• No other data

xtractorRejectReasons.txt • Spectral file name
• Reject reasons

• Useful to troubleshoot data extraction 
problems

runStats.txt, runStats.htm • Empty files

SpecFeatures.1.tsv • Spectral features calculated for each 
spectrum in the subdirectory cpick_in 

qtofXtractor.1.params • Record of data extractor parameters
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<pklFileName>.mzXML • Series of files - one for each spectrum 
extracted - created when you extract an 
appended *.pkl file that contains multiple 
spectra

• File name in format: 
Data_File_Name.Scan_Number.0. 
Precursor_Charge.pkl, where
• Data_File_Name = prefix of appended 

*.pkl file
• Scan_Number = consecutive order of the 

scan in the appended *.pkl file
• 0 = placeholder where function number 

would be if created by Micromass 
ProteinLynx software

• Precursor_Charge = charge of the 
precursor ion

• If you rerun the Data Extractor using a 
new set of extraction parameters, mark 
the check box to Remove all prior 
results.

Series of folders in the 
subdirectory that contains 
your data file(s). Folders are 
listed in next column. 

• cpick_in
• fit_batch_in
• results_msedman 
• results_msfit
• results_mstag
• results_sherenga

Table 10 Files created by generic data extractor (continued)

Files and Folders Created Contents Notes
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Data Extractor (MS-only raw data)
Table 11 lists the files created when you run the MS-only raw data extractor. 
These are all created under the msdataSM directory, in the subdirectory that 
contains your raw data files. All are text files; you can open them with 
Notepad.

Table 11 Files created by MS-only raw data extractor

Files and Folders Created Contents Notes

parentChargeCheck.txt • Headers for scan number and charge 
assignment

• No other data

xtractorRejectReasons.txt • Headers for spectrumName, 
numScansAfterParent, and RejectReason

• No other data

runStats.txt • Information such as fileName and 
sampleName

SpecFeatures.1.tsv • Various headers
• No other data

xtractor.1.params • Record of data extractor parameters

fit_batch_in\*.*mi or 
fit_batch_in\*.mic

• Extracted file 
• File name in format: Data_File_Name.*mi or 

Data_File_Name.mic

• If you rerun the Data Extractor using a 
new set of extraction parameters, mark 
the check box to Remove all prior 
results.

Series of folders in the 
subdirectory that contains 
your data file(s). Folders are 
listed in next column. 

• cpick_in
• fit_batch_in
• results_msedman
• results_msfit
• results_mstag
• results_sherenga
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MS/MS Search
Table 12 lists the files created when you run MS/MS Search. These are all 
created under the msdataSM directory, in the subdirectory that contains your 
raw data files. All are either text or html files.

If you accidentally run a search with incorrect search settings, you should 
remove the associated files from your system, especially the files in the 
results_mstag subdirectory. Otherwise, they will be included in future results 
reviews, validations, and summaries. If you have run multiple searches, be 
sure to check the time and date stamps on the files so that you do not 
mistakenly remove good search results.

Table 12 Files created by MS/MS Search

Files Created Contents Notes

tagSummary.#.tsv • Summarizes all search results • New file created each time you run 
MS/MS Search. Files are numbered 
tagSummary.1.tsv, tagSummary.2.tsv, 
etc.

• You also create this file when you click 
the Create MS/MS search summary 
file button on the Tool Belt page.

mstag.#.params • Record of MS/MS Search parameters • New file created each time you run 
MS/MS Search. Files are numbered 
mstag.1.params, mstag.2.params, etc.

• When you search an ion trap data file 
that contains both CID and ETD 
spectra, then two additional files are 
created because there are two sets of 
search conditions. The additional files 
are of the formats mstag.1a.params 
and mstag1b.params. 
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results_mstag\.pkl.spo • Series of text search results files - one for 
each extracted spectrum searched. (Some 
extracted spectra do not meet quality 
criteria for searching.)

• File name (for spo files) in format: 
Data_File_Name.aaaa.bbbb.c.pkl.spo, 
where
• aaaa = first merged scan
• bbbb = last merged scan
• c = assigned precursor charge (0 

means charge was ambiguous)
• Starting with Spectrum Mill B.0 6.00, spo 

files are automatically added to an spo.zip 
file and then removed when a search 
completes. This significantly reduces the 
load on the file system, and speeds 
archiving and copying results.

• Contents of results_mstag 
subdirectory are updated each time you 
run MS/MS Search on the same file 
set.

results_mstag\junk.#.htm • Scratch file of html output before 
redirection to browser

• New file created each time you run 
MS/MS Search. Files are numbered 
junk.1.htm, junk.2.htm, etc.

fdr”type”.#.tsv, where “type” 
is the name extension for the 
.tsv file; e.g., fdrSummary.1.tsv

• A series of FDR files created in MS/MS 
search and used by discriminant-based 
FDR

• These files are not created when the 
Discriminant mode is set to Off.

Table 12 Files created by MS/MS Search (continued)

Files Created Contents Notes
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Protein/Peptide Summary, Spectrum Summary, and Autovalidation
Table 13 lists the files created when you validate data with the 
Protein/Peptide Summary page, the Spectrum Summary page, or the 
Autovalidation page. These are all created under the msdataSM directory, in 
the subdirectory that contains your raw data files. All are text files.

Note that correlated files from a given validation step have the same time and 
data stamp, but not necessarily the same number in the file sequence. For 
example, autovalidation.1.params may be correlated with spectrumTable.3.tsv and 
hitTable.2.tsv. This is because multiple modules write to subsets of these files.

Table 13 Files created by Protein/Peptide Summary, Spectrum Summary, and Autovalidation

Files Created Contents Notes

hitTable.#.tsv • Record of MS/MS Search hit validation 
states

• Created when you click the Perform 
Validation button on the 
Protein/Peptide summary page or the 
Validate Files button on the 
Autovalidation page

• New file created each time you click 
the button. Files are numbered 
hitTable.1.tsv, hitTable.2.tsv, etc.

• Results are cumulative; each new file 
starts with the previous file and adds 
information.
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spectrumTable.#.tsv • Record of spectrum validation states, 
including:
• whether the spectrum has been 

designated good or bad 
• whether the spectrum has a validated 

database hit

• Created when you click the Update 
button on the Spectrum Summary page 
or the Perform Validation button on the 
Protein/Peptide summary page or the 
Validate Files button on the 
Autovalidation page

• New file created each time you click 
the button. Files are numbered 
spectrumTable.1.tsv, 
spectrumTable.2.tsv, etc.

• Results are cumulative; each new file 
starts with the previous file and adds 
information.

autovalidation.#.params • Record of autovalidation parameters • Created when you click the Validate 
Files button on the Autovalidation page

• New file created each time you click 
the button. Files are numbered 
autovalidation.1.params, 
autovalidation.2.params, etc.

Table 13 Files created by Protein/Peptide Summary, Spectrum Summary, and Autovalidation (continued)

Files Created Contents Notes
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Tool Belt
Table 14 lists the files created with the Tool Belt page. All are text files.

Table 14 File created by Tool Belt

File Created Contents Notes

*.res • Results file of validated rank one hits
• File name in format: 

Database_Name_with_any_extensions.res

• Created when you select the Create 
saved results file option and click the 
Create File button

• Created in the results_mstag folder 
within the subdirectory that contains 
your raw data files

• Overwritten each time you create a 
saved results file for that database and 
data directory

tagSummary.#.tsv • Summarizes all search results • Created when you select the Create 
MS/MS search summary file option 
and click the Create File button

• Created in the subdirectory that 
contains your raw data files

• The MS/MS Search module also writes 
to this file. See Table 12 on page 228.

ReporterIon.corrections.txt • Reporter ion (iTRAQ/TMT) correction 
factors and batch numbers

• Created when you select the Create 
iTRAQ/TMT correction factors option, 
type a batch number and correction 
factors, and click the Create button

• Created under the msparams_mill 
directory

• File is appended every time you type 
correction factors for a new batch 
number 

• Software will not allow you to 
overwrite existing correction factors for 
a batch
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Discriminant Coefficients.txt • Includes predefined sets for Agilent 
discriminant coefficients and is updated 
when new coefficients are calculated.

reporterIon.corrections.txt • Reporter ion (iTRAQ/TMT) correction 
factors that apply to a particular sample or 
set of samples

• Created when you select the Apply 
iTRAQ/TMT correction factors option, 
set up the page, and click the Apply 
button

• Created under the msdataSM directory, 
in the subdirectory that contains your 
raw data file(s)

Table 14 File created by Tool Belt (continued)

File Created Contents Notes
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Sherenga de novo Sequencing
Table 15 lists the files created when you run Sherenga de novo sequencing. 
These are all created under the msdataSM directory, in the subdirectory that 
contains your raw data files. All are text files.

Table 15 Files created by MS/MS Search

Files Created Contents Notes

sherenga.#.params • Record of Sherenga de novo Sequencing 
search parameters

• New file created each time you run 
Sherenga de novo Sequencing. Files 
are numbered sherenga.1.params, 
sherenga.2.params, etc.

results_sherenga\.pkl.txt • Series of text Sherenga results files - one 
for each extracted spectrum processed. 

• File name in format: 
Data_File_Name.aaaa.bbbb.c.pkl.txt, where
• aaaa = first merged scan
• bbbb = last merged scan
• c = assigned precursor charge (0 means 

charge was ambiguous)

• Contents of results_sherenga 
subdirectory are updated each time you 
run de novo sequencing on the same 
file set.
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PMF Search
Table 16 lists the files created when you run PMF Searches. These are all 
created in the subdirectory that contains your spectral files, which is under 
the msdataSM directory. All are either text or html files. 

Table 16 Files created by PMF Search

Files and Folders Created Contents Notes

msfit.#.params • Record of PMF Search parameters • New file created each time you run 
PMF Search. Files are numbered 
msfit.1.params, msfit.2.params, etc.

results_msfit\*.*MI.htm or 
results_msfit\*.MIC.htm

• Series of html search results files - one for 
each extracted spectrum searched 

• File name formats:
• Peak_File_Name.*MI.htm
• Data_File_Name.*MI.htm
• Data_File_Name.MIC.htm

• Contents of results_msfit subdirectory 
are updated each time you run PMF 
Search on the same file set.

results_msfit\*.*MI.spo or 
results_msfit\*.MIC.spo

• Series of text search results files - one for 
each extracted spectrum searched

• File name formats:
• Peak_File_Name.*MI.spo
• Data_File_Name.*MI.spo
• Data_File_Name.MIC.spo

• Contents of results_msfit subdirectory 
are updated each time you run PMF 
Search on the same file set.

Series of folders in the 
subdirectory that contains 
the data file. Folders are 
listed in next column. 

• cpick_in
• fit_batch_in
• results_msedman
• results_msfit
• results_mstag
• results_sherenga

results_msfit\junk.#.htm • Diagnostic html file created when PMF 
Search runs

• New file created each time you run 
PMF Search. Files are numbered junk.1, 
junk.2, etc.
Spectrum Mill Workbench Application Guide 235



10 Files Created during Spectrum Mill Data Processing
MS Edman
Table 17 lists the files created when you run MS Edman and you mark the 
check box to Save hits to file. These files are created under the 
results_msedman subdirectory directly under your Spectrum Mill installation. 
(They are not under a data file subdirectory.) 

Table 17 Files created by MS Edman

Files Created Contents Notes

lastres.htm • Search results in html format
• File name is lastres or whatever you have 

chosen in the MS Edman page.

• Contents are overwritten unless you 
change the file name in the MS Edman 
page.

lastres.spo • Empty file
• File name is lastres or whatever you have 

chosen in the MS Edman page.

lastres.par • Search parameters in text format
• File name is lastres or whatever you have 

chosen in the MS Edman page.

• Contents are overwritten unless you 
change the file name in the MS Edman 
page.

lastres.res • List of accession numbers that correspond 
with MS Edman search hits

• File name is lastres or whatever you have 
chosen in the MS Edman page.

• Contents are overwritten unless you 
change the file name in the MS Edman 
page.
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Protein Databases
Protein Databases creates files in the directory where you store your sequence 
databases (usually X:/seqDB, where X is the disc drive letter). 

Table 18 Files created by Protein Databases

Files Created Contents Notes

*.sub • Subset database created from species 
and/or molecular weight information 
contained in the original database

• File name includes sub or whatever suffix 
you have chosen in the Protein Databases 
page. 

• Created when you select the Create 
species subset database option and 
click the Create button

*.lastres • Subset database created from hits saved in 
MS Edman

• File name includes lastres or whatever 
extension you have chosen in the Protein 
Databases page.

• Created when you select the Create 
subset with indices from saved hits 
option and then click the Create button

*.user • User database
• File name includes user or whatever 

extension you have chosen in the Protein 
Databases page.

• Created when you select the Create or 
append user database option and then 
click the Create button

*.idx, idx2 (for databases > 
4.2 Gb)
*.unk
*.mw
*.pi
*.sp
*.sl
*.usp
*.acc or *.acn

• Index files • Created when you click the Create 
button after you select any of these 
options on the Protein Databases page:

• Create indices for new database
• Create species subset database
• Create subset with indices from saved 

hits
• Create or append user database 
• See the online help document 

faman.htm for details regarding these 
files.
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user-created, 197, 206

de novo sequencing, 50 to 55, 121 to 
129

DEQ data
Data Extractor, 133
MS/MS Search, 135
peptide mode, 137
protein mode, 139
Protein/Peptide Summary, 136

differential expression quantitation, 73, 
131 to 143, 213

discriminant scoring
coefficients, 166

dynamic peak thresholding, 22, 78

E
evaluating results

MS/MS Search, 76 to 89
Excel, 45, 98, 165
export

AMRT, 75
Excel, 75
MPP, 75
pepXML files, 169

F
false discovery rate (FDR), 62

autovalidation, 27
Tool Belt search statistics, 106 to 109

FASTA files
concatenate, 203

file
permissions, 215
placeholders, 215
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files created
Autovalidation, 230
Data Extractor (generic data), 225
Data Extractor (MS/MS raw data), 223
Data Extractor (MS-only data), 227
MS Edman, 236
MS/MS Search, 228
PMF Search, 235
Protein Databases, 237
Protein/Peptide Summary, 230
Sherenga de novo sequencing, 234
Spectrum Summary, 230
Tool Belt, 232

filtering search results, 70 to 72
filtering spectra, 37 to 40
folder selection, 14, 18, 20, 30, 38, 51, 76

G
global files, 217
graph theory, 121
guidelines

manual results validation, 76 to 89

H
homology mode searches, 35 to 36, 48
HTML link to BLAST search, 212
HTML links to search results, 212

I
ICAT data

Data Extractor, 133
general discussion, 131 to 143
MS/MS Search, 135
peptide mode, 137
protein mode, 139
Protein/Peptide Summary, 136
Spectrum Summary, 143

identification statistics
summary table, 103

IIS configuration, 215
indices, 198, 200
installation, 217

installing databases, 196
interactive automation, 13
isotope-coded affinity tag data. See ICAT 

data.
isotopically labeled data, 131 to 143
iterative MS/MS data processing, 34 to 

55
iterative workflow, 34 to 55
iTRAQ data

correction factors, 140 to 142, 163 to 
165

Data Extractor, 133
MS/MS Search, 135
overview, 131 to 132
peptide mode, 141
protein mode, 142
Protein/Peptide Summary, 140

J
journal submission, 101

L
light/heavy isotope ratios, 131 to 143
LIMS, 45
link to results, 117
list details of amino acid 

modifications, 161

M
MALDI-TOF-TOF

Data Extractor, 17
manual PMF searches, 145 to 151
manual results validation

Agilent Q-TOF, 71, 78
ion trap CID data, 76 to 89

manual validation, 76 to 80
manuscript for journal, 101
mass gap search, 22, 35, 36, 48
Maximize CPUs, 14, 18, 25, 35
maximum sequence tag length, 37, 38

mode
Peptide - Spectrum Match, 91
Peptide Distinct, 92
Protein - Single Peptide ID, 101
Protein Summary Details, 93
Protein-Peptide Comparison, 98
Protein-Peptide Distribution 

Columns, 102
Protein-Protein Comparison, 95
Protein-Protein Comparison 

Redundant, 101
modifications, customizing, 211
molecular weight subset databases, 201
monitor results, 19, 117
MPP export, 75
MRM lists for triple quadrupole 

instruments, 179
MRM Selector, 179
MS Comp, 188
MS Digest, 182
MS Edman, 184
MS Isotope, 190
MS Product, 186
MS/MS data processing

iterative, 34 to 55
MS/MS search

homology mode, 35 to 36, 48
larger database, 47
no enzyme mode, 47
search modes, 36
summary file, 158
unknown modification, 36, 48
variable modifications mode, 20 to 25, 

35 to 36
MS-only data processing

Agilent TOF and Q-TOF .d files, 145 to 
151

MS-only search
manual, 145 to 151

Multiple Sequence Aligner, 181
mzXML files, 171

N
neutral loss, 78
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no enzyme, 41
no enzyme mode search, 47

O
offgel fractionation, 79

P
parameter files, 37, 112

MS/MS, 13
parameters

summary table, 159
Peptide - Spectrum Match mode, 91
peptide charge, 87, 89
Peptide Distinct mode, 92
peptide list to masses utility, 193
peptide pI filtering, 79
Peptide Selector, 176
pepXML files, 169
phosphorylation, 22
pI, 30, 65, 79
placeholders, data files, 215
PowerPoint, 46
print results, 46
proprietary databases, 197, 206
Protein - Single Peptide ID mode, 101
protein and peptide utilities, 176 to 193
protein grouping, 71
protein quantitation options, 74
Protein Summary Details mode, 93
Protein/Peptide Summary, 69 to 75

protein quantitation options, 74
Protein/Peptide Summary displays, 90 to 

98
Protein-Peptide Comparison mode, 98
Protein-Peptide Distribution Columns 

mode, 102
Protein-Protein Comparison mode, 95
Protein-Protein Comparison Redundant 

mode, 101

Q
Q-TOF

Data Extractor, 13 to 17
manual data validation, 71, 78

R
rank1 - rank 2 scores, 78
report FDR and search statistics, 106 to 

109
request queue, 19
results

monitor, 19
results validation

guidelines, 76 to 89
parameters, 70 to 72

reversed database scores, 22, 78
review fields

Protein/Peptide Summary, 72
Spectrum Summary, 37

S
scripts, server administration, 215
search modes, 36, 184
search previous hits, 156, 204
search results

changing HTML links, 212
enabling HTML link to BLAST, 212

Select button, 14, 18, 20, 30, 38, 51, 76
sequence alignment, 181
sequence tag length, 37, 38
sequencing - de novo, 50 to 55, 121 to 

129
server

administration scripts, 215
drives, 216
performance, 215

Sherenga de novo sequencing, 50 to 
55, 121 to 129

SILAC, 16, 132 to 139
smconfig.xml, 211
sorting search results, 70 to 72
sorting spectra, 37 to 40

species subset databases, 201
spectral validation parameters, 37 to 40
Spectrum Matcher, 55

library, 168
Spectrum Mill server

configuring drives, 216
maintaining performance, 215

Spectrum Summary, 37 to 40
Spectrum Viewer, 83 to 86
stop process, 154
subset database for variable modifications 

or homology search, 156, 204
Summarize valid results, 30
summarize valid results, 41 to 46
summary

database, 202
identification statistics, 103
parameters used, 159

summary mode, 69, 90 to 98
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system administration
adding instrument types, 213
calculating statistics, 208
changing biology/chemistry 

options, 213
changing categories of proteins, 213
changing cysteine modification 

options, 213
changing elements, 213
changing enzyme cleavage rules, 213
changing HTML links from search 

results, 212
changing N- or C-terminal groups, 213
changing species filter, 213
comparing two databases, 207
concatenating FASTA files, 203
configuring server drives, 216
connection time-outs, 216
creating a category file, 210
creating indices for databases, 198, 

200
creating species or molecular weight 

subset databases, 201
creating subset databases from saved 

hits, 204
creating user (proprietary) 

databases, 197, 206
customizing amino acid 

modifications, 211
enabling HTML link from search results 

to BLAST, 212
generating database summary 

report, 202
installing or updating databases, 196
limiting number of parallel workflow 

processes, 218
maintaining server performance, 215
making a subset FASTA file from 

Accession Numbers, 205
reinstalling Spectrum Mill 

workbench, 217
removing redundant database 

entries, 209
server administration scripts, 215
settings for large data sets, 216
starting and stopping the Spectrum Mill 

Workflow Manager Service, 219

T
terminate process, 154
time-outs, connection, 216
TMT data

Data Extractor, 133
MS/MS Search, 135
overview, 131 to 132
Protein/Peptide Summary, 140

Tool Belt utilities, 153 to 174

U
unknown modification search, 36
unzip files, 174
updating databases, 196
user-created databases, 197, 206
utilities

protein and peptide, 176 to 193
Tool Belt, 153 to 174

V
valid results

print, 46
summarize, 41 to 46

validation
automatic, 25 to 29, 61 to 68
manual, 76 to 80
spectra, 37 to 40

variable modifications search, 20 to 25, 
35 to 36

Variable modifications sites, 32
view request queue, 19, 117, 119

W
workflow automation, 111 to 120

completion log, 120
link to results, 117
monitor results, 117
view request queue, 117, 119
Workflow Manager Service, 219

workflow tasks, 112

workflows
automation, 111 to 120
basic, 13 to 33
iterative, 34 to 55
parameter files, 112
tasks, 112

Z
zip files, 174
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In this Book
The Application Guide 
presents basic instructions 
to use the Spectrum Mill 
MS Proteomics Workbench. 
In this guide you learn:

• How to process MS/MS 
and MS-only data sets

• How to automate 
Spectrum Mill 
workflows

• How to perform 
Sherenga de novo 
sequencing

• How to process data for 
differential expression 
quantitation

• How to use the 
software’s 
protein/peptide analysis 
tools and utilities

• System administration 
details
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