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. MiCld

MiCId is a software that utilizes MS/MS spectra for the identification/classification of microorganism?!:2.

A. Download

Software Site:
http://www.ncbinlm.nih.gov/CBBresearch/Yu/downloads/MiCId.html

Require programming languages:
C+-+, Java and Perl

Installation:
To install unzip and untar the file MiCId.tar.gz.
$ gunzip MiCld.tar.gz
$ tar -xvf MiCld.tar

Compiling:
$ make -f MiCId.mak

Executable:
$ MiCId

Lunching MiCId_GUI (v.12.13.2018):
$ java -jar MiCId_GUIL.v.12.13.2018.jar



1. MiCId_GUI (V.12.13.2018)

The MiCId_GUI provides useful visual display tools that can be used to produce data tables and figures in a concise,
easy to use, package. Data tables can be exported to TSV (tab separated values) and CSV (Comma separated values)
files, while figures generated by the software can be exported to PNG (Portable networks graphics) or PDF (Portable

Document Format) files. TSV, CSV, and PNG files are generated using prewritten Java utilities; however, PDF files
are generated using the iText PDF generation package.

Figure 1. Picture depicting the data specification tab of the MiCld job submission software

A. MiCld Tab
User Guide: Opens up this Manual from the MiCId GUI.
Test: Contains both the Run Formatter and the Run Job which runs the test data set.

Options: Contains a configuration option to choose which PDF Viewer the user wants to use to view this manual
from Linux.



1. Testing MiCld once Installed

A test data set is included when the MiCId_GUTI is downloaded. To run this data select MiCId from the menu bar.
Under the Test option there are two more options: Run Formatter and Run Job. The user should first select Run
Formatter which constructs the database that will be used when submitting a job. After the formatter has finished
the interface should look like this:
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Figure 2. Signals that the database has finished being constructed

Then select Run Job and wait for the process cue to display ”Complete” in the status column. The user can then
navigate through the tables, plots, and graphs of the test data set.
B. New Job Tab

Files

MS/MS Spectrum File: Click the Browse button next to select and load an experimental data file.
-Accepted file extensions: .mzML, mzXML, .mgf, RAW

Database File: Click the Browse button next to the Database File Field to select and load a MiCld database file.
Click on the Pep folder and then the folder created when the user formatted a database(Ex: Trypsin_2_C32). Then
select the desired database file.

-Accepted file extensions: .all

Ouput File Prefix: Click the Browse button to specify a prefix and the output files’ destination.

Contaminants File: Click the Browse button to specify a file of contaminant proteins to load.
-Accepted file extensions: Any file in FASTA format.

Organism Identification Level

Organism Identification Level: Select the lowest taxonomic level to consider.

Logical Cores

Number Of Cores: Specify the number of cores to submit the job to. (maximum varies based on device)
Statistics

Statistics: Select a scoring function with its statistical method.

Series To Score: Select all series that should be used by the scoring function.

Terminal Group Molecular Mass (Da)




N — Terminal: Specify the molar mass of the N-Terminal group.
C — Terminal: Specify the molar mass of the C-Terminal group.

Mass Tolerance

Precursor ITon: Specify the molecular error tolerance of precursor ion spectra.
Product ITon: Specify the molecular error tolerance of product ion spectra.

Cysteine Modification and E-Value Cutoff

Cysteine: Specify the modification of cysteine groups within peptides of the spectrum.
E — Value Cutof f: Select a minimum F-value to be accepted during MiCId’s execution.

Button Options

Save Settings: Saves all settings selected by the user to a properties file.
Load Settings: Loads a user selected properties file to display settings on the GUL
De fault values: Restores all fields to the values contained in them when the GUI was first loaded.

Submit Job: Initiates a job with the user specified options.

C. Taxonomy Tab

The Taxonomy Tab allows the user to select specific microorganisms to be considered when a job is submitted.
This tab can be opened by first selecting a database from the New Job panel. This will load in the data from the
constructed database the user selects. The user can then check the boxes of microorganisms they wish to included in
the analysis of the data from the database and neglect the other microorganisms not of interest to the user. The top
panel is the family name, the second panel is the genus name, the third panel is the species name, the fourth panel
is the subspecies name, and the bottom panel is the strain name.

Select all: Selects all of the pathogens in the table.

Clear all: Deselects all of the pathogens in the table.

FExport Data: Exports the names of the selected families, genera, species, subspecies and strains to a TSV file.



Figure 3. Picture of the taxonomy panel and selection options
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Figure 4. Left: PTM’s tab of the interface for the MiCId_GUI. Right: Novel PTM’s selection interface

N — Terminal: PTM occurs only if this amino acid is at the N-terminal end of the peptide.

C — Terminal: PTM occurs only if this amino acid is at the C-terminal end of the peptide.

Any Position: PTM may occur at any position along the peptide.

Novel PTM's: Click the corresponding button and specify desired PTM’s and their positions.

Button Options




Save Settings: Saves all settings selected by the user to a properties file.

Load Settings: Loads a user selected properties file to display settings on the GUL

De fault values: Restores all fields to the values contained in them when the GUI was first loaded.

Submit Job: Initiates a job with the user specified options.

E. Queue Tab

Viewing the progress of submitted jobs.

1. Process Queue Tab
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Figure 5. Pictures of the Process Queue Window for the MiCId GUI

The process queue is opened after submitting a job, or by selecting the Process Queue tab in the menu bar on the
main interface. The process queue window displays the status, progress, start, end time, input file, output file, cores
being used, and a button to open a result viewer (If the job completed successfully). There will never be more than

one process queue open at a time.

Right click a process to open a menu with the following options

Restart Task: Select a process that has completed, was cancelled, or failed, and restarts it.

Force Start: Immediately allocates resources to start a process currently waiting.

Cancel: Cancels the selected process.

Cancel and Remove Task: Cancels and removes the selected process from the process queue.

Remove Task: Removes a task from the process queue.

A Process can be in one of six states

Waiting: The Process is currently waiting for resources to become available.

Starting: The MiCId code is preparing to start analyzing the input files.

Running: The MiCId code is running a process.

Finishing: The MiCId code is currently saving all data to the corresponding output files.

Cancelled: The user canceled the process during it’s run time.



Error: A fatal error occurred while the MiCId software was running.

F. Format Tab

The format database is opened by selecting the Format menu item in the menu bar then select Fromat database
file from the drop down menu. The user will then input the configuration options, filter options, and parameters to
configure the downloaded files and the generated database. Then once the Format file button is pressed a text box
will open and updates with the current process of the formatter. Once finished, the text area will the display the .tax
file as well as the size of the generated database. The blue question marks contain information and explains what
each option is in the filter options.

1. Format database file Tab

Figure 6. Picture of the format database options panel. Include: 10239 represents the tax id for viruses. 9606 is the tax id for
homosapiens. Exclude: 39759 is the tax id for Deltavirus. When format file is pressed it will create a database that include all
of the viruses except the Deltavirus and all of the homosapiens.

Database Configuration

Include: Input a tax Id from the NCBI website to download.
FEzclude: Input a tax Id from the NCBI website to exclude it from being downloaded.
Filter Options

Reference Sequence Category: Whether the assembly is a reference or representative genome in the NCBI
Reference Sequence Project classification.

Version Status: The release status for the genome assembly version.

Assembly Level: The highest level of assembly for any object in the genome assembly.

Release Type: Whether this version of the genome assembly is a major, minor, or patch release.

Genome Representation: Whether the goal for the assembly was to represent the whole genome or only part of it.

Parameters



Min Molecular Mass (Da.): Peptide minimum molecular mass.

Max Molecular Mass (Da.): Peptide maximum molecular mass.

Database Name: Name of the database to be created.

Enzyme Type: Type of enzyme used to digest proteins.

Mazximum Missed Cleavage Sites: Maximum number of allowed missed cleavage sites per peptide.

Cysteine Modification: Chemical modification of cysteine.
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Figure 7. Picture of the final output indicating that the format database is complete

G. View Results Tab

A user may view the results of a successful MiCId execution by clicking the View Results button in the Process
Queue window, after a Process has successfully completed, or by selecting the View Results option from the Results
menu item in the menu bar on the main interface. When one of these two options are selected the user will be
immediately prompted to select a file. Along with View Results there is also a Plot Results button that has three
different plot options: Plot PFD, Plot Dendrogram, and Plot Heatmap. Although, the View Results will open
both the dendrogram and heatmap plots if applicable, the user can also open these separately. All Data tables
contain at least two buttons Export as TSV and Export as C'SV that will export the contents of the table to a user
specified file of the corresponding file type.

1. Viewing Microorganism data

The Microorganism data table, consists of three tables. The top table contains the data for each of the microor-
ganism that are the head of a cluster. This table allows the user to left click one of the rows which copies its’ contents
and can be pasted into a separate file.

The middle table appears when one of the rows from the table above is selected. The table will then display all of
the microorganisms that are part of the cluster associated with the head microorganism that the user selected. This
table allows the user to left click one of the cells which copies its’ contents and can be pasted into a separate file or
various parts of the GUI.

The bottom table will appear when one of the microorganisms from the middle row is selected. This table displays
the peptides used to identify the selected microorganism. This table allows the user to left click one of the cells which
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copies its’ contents and can be pasted into a separate file or various parts of the GUI.

All three tables have red, green, or yellow rows based on the F-Value of the microorganism in that row. The user
selected row will be highlighted blue in the top and middle tables, and the user selected cell will be highlighted blue
in the bottom table.
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Figure 8. Picture of the three separate tables that can be displayed

Top two tables

CR: Microorganism cluster rank (ranked by in(E-Value).

Taxon Column: This column changes based on the type of file that the user selected to display data for. Genus
for a Genus file, Family for a Family file, Species for a Species file, SubSpecies for a SubSpecies file, and Strain for
a Strain file.

In(E — Value): The natural log of the MiCId assigned E-Value of that microorganism.

NIP: Number of peptides that have been used to identify a microorganism.

NUIP: Number of peptides that are unique to a microorganism.

CN: Cluster number that a microorganism belongs to.

p - CC: Closest cluster correlation.

CCN: Closest cluster to a microorganism.

Prior: Proportion of identified peptides belonging to a microorganism.

Ownership: How proprietary identified peptides are to a microorganism.

Peptide table
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PN: Peptide number in the table ranked by E-Value.

Peptide: Amino acid sequence of the peptide identified.

E — Value: E-Value of the peptide.

PW: Weight assigned to a peptide.

PU: Number of taxa containg a peptide.

PF: Identification frequency of a peptide.

SN: MS/MS scan number.

FExport Peptide Data as CSV: Exports the data used to generate the peptide table as a CSV file.

FExport Peptide Data as TSV: Exports the data used to generate the peptide table as a TSV file.

2. Viewing Peptide ID data
This table displays the identified peptides from the data. The colors represent the respective E-Value of the peptide.

This table allows you to left click any of the cells to copy the value, which the user can then paste into various parts
of the GUI or into a separate file.

Figure 9. Picture of the Peptide Id Table
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Rank: Rank of peptides in the table (ranked by E-Value).

Peptide: Amino acid sequence of a peptide identified.

MM (Da.): Molecular mass of a peptide.

z: Precursor ion charge state of a peptide.

E — Value: E-Value of a peptide.

PFD: PFD at a given E-value cutoff (E.) using the Soric formula.
E.x N

PFD(E,) = BB [1]

Where N is the total number of MS/MS spectra and 7(E < E.) is the total number of peptides with E < E, .
SN: MS/MS scan number.
RT': Retention time.

IT: Precursor ion intensity.

3. Viewing Protein ID data
This data table contains the data on specific proteins identified during RAId’s execution:
Rank: Number of proteins in the table ranked by in(E-Value).

ProteinID: A protein’s identification code
(Note: these ID’s are hyper linked to take you to their corresponding NCBI web pages)

In(E-value): The natural log of the RAId assigned F-value of that protein.
In(P-value): The natural log of the RAId assigned P-value of that protein.

PFD: The calculated PFD of that protein

PFD(E:) = e 2

Where II is the total number of proteins and II(E < E.) is the total number of proteins with F < E,.
Number of peptides: Number of identified peptides.

Cluster number: Number representing which cluster a protein belongs to.

4. Viewing Protein Peptide ID data

This data table contains information on each protein that was found in this assay and all peptides that may be
found in that protein’s sequence. The rows are colored based on the E-Value contained in each row. All protein
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sequences were collected and referenced from the database. In this tabel there are three separate interfaces, the
protein list (top), the peptide list (middle), and the protein sequence display.

By selecting a protein from the protein list, the peptide list is filled with all identified peptides that correspond to
that sequence, and the protein sequence display is filled with that proteins sequence. By selecting a peptide from
the peptide list, that peptide sequence will be highlighted in the protein sequence viewer. Multiple peptides can be
selected at a time by pressing Ctrl-click on each individual peptide, or Shift-click to select all peptides between the

clicked peptide an the last peptide that was clicked. This table also allows the user to copy a value from any cell by
left clicking the cell. The user can then paste it into another document or into other features of the RAId GUIL.

Figure 10. Picture of the protein and peptide data tables and the protein sequence display

Protein table
Rank: The number of proteins in the table ranked by in(E-Value).

Protein ID: Protein identification number according to the database used.



In(E-value): Natural log of the RAId assigned E-value (E).
In(P-value): Natural log of the RAId assigned P-value (P).
PFD: The calculated PFD at a given E-value cutoff (E..).
Number of Peptides: Number of identified peptides.
Peptide table

Rank: Peptide rank in the table (ranked by E-Value).
Peptide: Amino acid sequence of the peptide.

FE-value: Assigned E-value.

Molecular Mass: Molecular mass of a peptide.

RT': Retention time.

Z: Charge.

Scan Number: The MS/MS scan number.

File Of fset: File location for a MS/MS spectrum.

Unique Buttons

FExportSequence: Exports the highlighted sequence as an image to a PDF or PNG file.

15



H. Plot Results Tab

1. Plot PFD Tab

Figure 11. PFD plot interface
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2. Plot Dendrogram Tab
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Figure 12. Dendrogram data display interface



3. Plot HeatMap Tab
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Figure 13. HeatMap plot interface
Draw Titile: If checked then the title will be displayed.
Draw Legend: If checked then the legend will be displayed.
DrawX — Axis title: If checked then the X-axis title will be displayed.

DrawY — Auxis title: If checked then the Y-axis title will be displayed.
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[v] Draw Title

[¥] Draw Legend

[v] Draw X-Axis Title
[¥] Draw Y-Axis Title
[v] Draw X-Axis Labels
[¥] Draw Y-Axis Labels
Data Display Options:
@ Linear Scaling

) Log Scaling

Title:
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X-Axis Title:
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Y-Axis Title:

|Pathogen
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IANGE_RED |~

DrawX — Axis Labels: If checked then the Pathogen names will be displayed along the X-axis.

DrawY — Azis Labels: If checked then the Pathogen names will be displayed along the Y-axis.

The scaling of heatmap’s cells can be changed by selecting Linearscaling or Logscaling. The heatmap is initialized
with a linear scale. In the event that the user tries to log scale data with values less than or equal to zero a prompt

will appear addressing the issue and the option will be deactivated.

Title: Alter the title of the graph.



X — Axis title: Alter the X-Axis title.

Y — Axis title: Alter the Y-Axis title.
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To search for a specific column, either enter a column name in the corresponding text box. This text box contains
a list of all the pathogens displayed by the heat map and will suggest which pathogen to search as the user begins to

type the name of the desired pathogen.

The gradient for cell intensity can be changed using the drop down menu.

EzxportDataAs...: Click to save the data as a PDF or PNG.

GenerateHistogram: Click and then specify by the desired pathogen in the same way that the search box works.
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Figure 14. Histogram plot of a slice of the HeatMap plot for

The X-axis contains the names of the categories while the Y-Axis represents the range of the data.
automatically set to zero if all intensities are greater than 0.

a

selected taxon.

| export | Refine |

The data displayed can be changed by selecting the desired data from the list on the right.

Refine: Click to confirm changes to the displayed data made.

FExport: Click to export the current image as either a PNG or PDF file.

Minimum
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I. Tools Tab
1. View MS Spectrum Tab
The mass spectrometry data viewer allows the user to view the results of chromatography and MS in three separate

graphs. This spectrum viewer provides tools to analyze both chromatography data and individual MS data. To open
this display click the T'ools option from the - main panel and select View M.S Spectrum.

23 /panfs/pan.be-md.ncbinim.nih.gov/gmbp/Brendan/tempTesting/DATA/20061116_NIST_1B206.RAW i o [=] 55
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Figure 15. Picture of Mass Spectrometry data viewer with MS spectrum and data table displayed

Opening a Mass Spectrometry data file
Once View MS Spectrum has been selected a window will pop up prompting the user for a file, C and N terminal
molecular masses, parent and precursor ion mass tolerance and a scoring function.

Valid file extensions: .raw, .mzml, and .mzXML

Once all specifications have been finalized press DisplayData.

Interpreting the displayed results

When the display first starts up there will only be one graph. This graph contains the results of the chromatography
with retention time along the X-axis and the normalized total ion current along the Y-axis. Once the other two

graphs are opened they will contain mass per charge along the X-axis and the normalized intensity along the Y-axis.

Each graph contains a Show data button, which causes the data of that graph to be displayed on the right side of
the three graphs. (changing any graph with it’s data displayed will change the displayed data table as well)

The user can zoom in on specific ranges clicking and dragging a box across the specified range.
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Unique functionality of the top most graph

The exact retention time of a point on the graph is shown when the cursor hovers over it.

The M SLevelX (where X is an integer greater than zero) button will advance the MSLevel on the button by one
(going back to one once the max is reached), remove the spectrum graphs and data table if they are active, and

change the data displayed on the topmost graph to consist of only data of the new MS level.

Select a spectrum by clicking on any individual peak, this will open, or replace if already opened, two new graphs
directly below the original depicting the mass spectra taken at that instant in time.

The Next and Previous buttons are only active when a spectrum is selected. These buttons will show the next
and previous spectrum of the same MS level, respectively.

The Ezport button asks the user if they want to save all of the active graphs as a PDF or PNG then ask if they
want to save the data table as a TSV or CSV

Unique functionality of the middle and bottom graphs

The exact mass per charge and charge of a point on the graph is shown when the cursor hovers over it.

2. Peptide Product-lons Tab

The peptide fragmentation tool generates a table displaying the theoretical peptide fragments based on a user
inputted peptide sequence. The user may also supply an MS/MS spectrum file and the file offset for a specific
spectrum to display that spectrum with all the matching peaks in red. To open this display click the Tools option
from the menu bar on the main panel and select Peptide Product-Ions. To enter a peptide sequence and file offset
the user can copy the values from a Protein_Peptide_Id table and paste them into the respective text areas by using
the right click on the mouse.

Preparing a Peptide Sequence for Fragmentation

Peptide Sequence

Enter a peptide sequence by either typing or pasting with the right click button on the mouse to be fragmented
in the text field. Post-Translation Modifications (PTM’s) can be specified by specifying the PTM Id number to the
right of the modified amino acid.

MS/MS Spectrum file

Browse: Opens a file chooser allowing the user to search for and upload their MS/MS spectrum file.
Valid file extensions: .raw, .mzml, .mzXML, and .mgf
Specify File Of fset: Provide the offset of the mass spectrum.

Terminal Group Molecular Mass (Da)

C-Terminal: Specify the mass of the C-terminal group.
N-Terminal: Specify the mass of the N-terminal group.

Mass Tolerance
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ﬂ‘u’iew Spectrum Options i pa |Q| XI
Peptide Sequence

MGLSDGEWQLVLNYWGKWVEADIP GHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEDLKKHGATWLTALGGILKKK]
GHHEAEIKP LAQSHATKHKIPWIYLEFISECHIQWLOSKHP GDF GADAG GAMMKALELFRKDMASNYRELGF QG|

MS5/MS spectrum file

=Please load a MS/MS file= Browse

Specify File Offset:

Terminal group molecular mass (Da)

C-Terminal: 17.002739 | N-Terminal: 1.007825 |

Mass tolerance
Precursor lon {ppm}: |1D Product lon {ppm}: |5D

Amino Acid Modifications

Cysteine modification: |Unmudified Cysteine |v|

Statistics

Statistics |R5cure |v| Maximum Charge: |2 |

Series To Score [ la-H[ lal |a+H[ |b-NH3[ |b-H20 [ |b-H[¥|Ib[ |b+H[ Je-H[ lc[ Jc+H
{RAId Score) [Joe=H [ Jo¢ [ Jx+H [ ]y-NH3 [ |y-H20 [ |y-H[¥ly [ Iy+H [ Jz-H[ Jz[]Z+H

| Display Data |

Figure 16. Picture of the peptide specification window.

Precurssor ITon (ppm):Specify the Precursor Ton’s Mass accuracy.

Product ITon (ppm): Specify the Product Ion’s Mass accuracy.

Amino Acid Modifications

Cysteine Modification: Sets the default state of cysteine during the peptide fragmentation.
Statistics

Statitics: Select a scoring function to analyze the spectrum.

Available Scoring functions: Rscore, Kscore, HyperScore, and XCorr.

Mazimum Charge: Specify the maximum fragmentation charge state.

Series To Score: Select all fragments type consider.

The fragmentation Data Table

Regardless of whether or not a spectrum is specified by the user, a peptide fragmentation data table will be
displayed. If no spectrum data has been supplied then peptide fragment masses will be calculated and the table will
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Figure 17. Picture of a sample peptide fragmentation. A few significant matching peaks and non matching peaks have had
their labels fixed in place.

display all possible A;B,C,X,Y, and Z fragments of the peptide sequence chosen by the user.

If a spectrum has been provided then the table will display all ideal fragments, the calculated mass of those
fragments, and if there is an experimental peak that could be matched to the ideal peak, the mass of the experimental
peak and it’s intensity. Matched Ideal fragments will also appear in red text.

FExport Data Table: Exports the current data table to a user specified CSV or TSV file.

Scoring Experimental Peaks in a User Provided Spectrum

The following scoring function is used to determine which peak’s most likely represent the data provided by the
user. Any experimental peaks with a score greater than 0 are considered potential matches to a theoretical mass,
and an experimental peak may have more than one matching fragment.

e(Tyw) = Tapw * 1070 PI 3]
Tvyw —Epw
S(EMW) :I(EMw)*e <(Tarw) *9(1— (TMW _EMW)> [4]

Where Tjw is the theoretical molecular weight of a fragment, Ejsy is an experimentally identified molecular
weight, PI is the Product ion mass tolerance (in ppm), and I(Eyw ) is the intensity at an Experimentally determined
molecular weight.

Spectrum Matches

When a user supplies spectrum data, that data will be displayed as a graph directly below the data table. All
matching peaks will be highlighted red.
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When the mouse hovers over a peak a label will be displayed right above it. If the peak was successfully matched
to one or more ideal fragments then the label will be red and show all matched ideal fragments and the mass per
charge of the peak; otherwise the label will be blue and show only the mass per charge.

If a user clicks on any peak then a label will be fixed to that position until the peak is clicked again, or the Clear

Labels button is clicked.

The user can zoom in on specific ranges clicking and dragging a box across the specified range.

FExport Graph: FExports the current displayed graph to a user specified PNG or PDF.

Clear Labels: Clears all labels saved on the graph.

3. MIDAs (Isotopic Distribution) Tab

The MIDASs Isotopic Distribution calculator can be accessed by clicking the Tools button on the main panel and
then clicking MIDAs (Isotopic Distribution) option in the drop down menu of the tools button on the main panel.
This tool calculates the coarse and fine grained probabilities of possible molecular masses of a chemical sequence,
calculated from isotopic masses and frequencies. Isotopic masses and probabilities may be modified by the user.

i

MIDAs Options
Elemental composition, molecular fomula or amino acid sequence

MGLSDGEWQLYLNVWGKVEADIPGHGOEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEDLKKHGATVLTA|
LGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIQVLASKHPGDFGADAQGAMNKALEL FRKDMASNY)
KELGFQG

Molecule class: Amino acid sequence |V|

Table of IsoTopicMasses and Natural Abundances

Change No isotopic abundances are modified

Charge: ’17| Minimum probability: W
Coarse-grained isotopic distribution mass accuracy (Da) ’107
Fine-grained isotopic distribution mass accuracy (Da) ’r
Algorithm [Polynomial-based method |+
Cysteine Modification [unmodified Cysteine Rd

Calculate || Example

# Name Symbol Mass (Da) Abundance (%) |*
1 Hydrogen H 1.007825 99.9885 =
2 Deuterium H 2.014102 0.0115
3 Tritium H 3.016049 *
4 Helium He 3.016029 0.000137
He 4.002603 99.9993863
5 Lithium Li 6.015122 7.59
Li 7.016004 9241
6 Berylium Be 9.012182 100
¥ Boron B 10.012937 19.9
B 11.009305 801
8 Carbon = 12 98.93
C 13.003355 1.07
5 14.003242 *
9 Nitrogen N 14.003074 99.632
N 15.000109 0.368
10 Oxygen [e] 15.994915 99.757
o 16.999132 0.038 >
| Reset || accept || cancel

Figure 18. Picture of the MIDAs Window, and the isotopic modification window

MIDAs Options

Input the elemental composition, molecular formula, or amino acid sequence in the designated field. This can
either be done by typing into the field or using by right clicking to paste a copied peptide from the peptide table or

any other source.

Molecule Class: Designate the molecular class of the input molecule (Chemical, Amino acid sequence, DNA, or

RNA).

Charge: Provide the charge of the input chemical.

MinimumProbability: Provide the minimum probability to accept a calculated molar mass.
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Coarse — Grained Mass Accuracy: Provide the Coarse-grained mass accuracy in daltons.
Fine — Grained Mass Accuracy: Provide the Fine-grained mass accuracy in daltons.

Algorithm: Select an algorithm for performing calculations
(Polynomial-based, FFT-based (mass domain), and FFT-based (nucleon domain) methods).

Example: Fill each field with some example data sets.
Calculate: Generate an isotopic distribution.

Changing isotopic masses and frequencies

Click the change button to open up the isotope window. Within this window, any of the values contained in text
boxes may be modified.

Reset: Changes all modified fields back to the default, and clears the memory of committed changes.

Accept: Commits all modified values to memory.

Close: Closes the window.

Displaying results of the Isotopic Distributions

After pressing calculate, the IsotopicDistributionResults window will pop up. This window has three tabs

Statistics, CoarseGrainedDistribution, and FineGrainedDistribution.

The Statistics tab

This tab contains information about the accuracy of the MIDAs calculations.

Ezport: Click to save the statistics, and data for the coarse and fine grained distribution to a user specified TSV
or CSV file.
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Q]sntopic Distribution results —l—l' 0l x|
|' Statistics | Coarse Grained Distribution | Fine Grained Distribution |

Statistics of distribution

Cyr7aH1229M576022155H ™ Export Distribution |

Lightest Mass m/z: 17155.951536
Isotopic distribution exact center of mass myz: 17166635586
Isotopic distribution computed center of mass mfz: 17166.635586
Difference: 0.000000a+00

Isotopic distribution exact standard deviation: 3.4525790360250985

Isotopic distribution computed standard deviation: 3.45257193987323

Difference: 7.128311e-06

Figure 19. Picture of the statistics panel of the MIDAs tool

The Coarse Grained Distribution tab

This tab displays the results of the Coarse grained distribution as a curve.
The exact mass of a point on the graph is shown when the cursor hovers over it.
Clicking export on this tab will save the displayed image to a user specified PDF or PNG file.

The Fine Grained Distribution tab

This tab displays the results of the Fine grained distribution as a thin line bar graph.
The user can zoom in on specific ranges clicking and dragging a box across the specified range.
The exact mass of a point on the graph is shown when the cursor hovers over it.

Clicking export on this tab will save the displayed image to a user specified PDF or PNG file.
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Figure 20. Example of a Coarse Grained Isotopic Distribution
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Figure 21. Picture of an example of a Fine Grained Isotopic Distribution
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4. Venn Diagram Tab

The Venn Diagram tool can be used to compared experimental results at various taxonomic levels and also at the
peptide and protein levels.

Figure 22. Venn diagram tool interface.

Figure 23. Example of a genus level Venn diagram plot for three experimental data sets.
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5. MiCld UniPept Tab

The MiCId UniPept tool employs the lowest common ancestor algorithm to a set of identified peptides to infer
taxonomic identification.

Figure 24. MiCId UniPept toll interface.

Databas File: A valid MiCId database file (a .all file).
Ouput File: Name of output file.
Peptides to analyze: A list of peptides to analyze.

Figure 25. Example output generated by MiCId UniPept tool.



I1l. OPENING MICID SOURCE CODE IN ECLIPSE

To open MiCId in Eclipse first click File, then I'mport in the drop down menu.

{_rimport e B [ 3
Select
I HY| ]
Create new projects from an archive file or directory,
Select an import source:
It'u'De filter text
Bl General -
i i B Archive File

=% Existing Projects into Workspace
[, File System
E Preferences

- Grade
B Instal

—> Remote Systems
(= RunDebug

@ = Back I Mext = I Fimish I Cancel

Figure 26. Picture showing the import project window

Then under General choose Existing Projects into Workspace then click next.

With the Select archive file selected, click the browse button and import the zip file for the GUIL. Once selected,
click on the finish button the and code for the interface will be imported into eclipse.
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«<[H] Pathopen GUI {Pathogen GUT)

Figure 27. Picture showing the import project window

To open, select the Pathogen GUI project and click src. From there open up the main package and a class called
Main.Java should appear. Open up the Main.Java file and then either click the green run button on the toolbar or
Run from the the menu bar and then click Run from the drop down menu.
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Bl Pathogen GUI
L B src
- - qui

-#% gui.dendrogramviewer
“H# gui.formatdatabase
EE gui.massspecyiewer
-B8 gui.panels
~B gui.panels. taxonomy
~H gui.panels. taxonomy. table
B gui.plotviewer
~H gui.processgueus
~B8 gui.resultviewer
“H gui.SAPSPTMs
EE MmiSin

EIEl Main.java
~f PeptideFragmentationTool
imagesimages

JRE System Library [JavasE-1.8]
Referenced Libraries

v @

images
= lib
(= META-INF
= org
- target
|| glazedlists_javal5-1.9.0.jar
~g| itextpdf-5,5.9.jar
| joommon-1.0.23.jar
| jfreechart-1.0,19.jar
----- = MIDAs-Z5-0JTZGSK-RMQP2-1526.0Ut
..... |ﬂ| pom. xml
~[Z] RAId_FTM_file
= userSpedfiedElementalFrequendies.out

Figure 28. Picture showing where the main package is located

1. Exporting MiCld into Linux

For the MiCId_GUI to work, the code must be exported into Linux. To do this first go to Flile, Export on the
eclipse home screen. Under the Java option select Runnable JAR File.
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o]

Select
7

Export all resources required to run an application into a JAR file on the local file system, I E g |

Select an export destination:

|»

— General

-4 antBuidfiles

& Archive File

File System

[T Preferences

EJB

Install

Java

.01 38R file

| Javadoc

- Runnable JAR file
JavaEE

+ Plug-in Development b

(= Remote Systems

-2 Run/Debug

Tasks

Pl Team LI

® < Back I Next = I Firist Cancel

Figure 29. Shows the first export project window

On the next screen under Launch con figuration select ”Main - Pathogen GUI” and then select the desired export
destination. The text after "bin\” and before the .JAR in the export destination text bar will be the name of the
runnable jar created. In the example below the jar file created will be ?"MiCId_GUI.jar” Once both are selected click
Finish and the GUI will be exported to the destination and can then be run in Linux.
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ion to use to create a runnable JAR.

Figure 30. Shows the second export project window. Note: Make sure that the Extract required libraries into generated JAR
is selected under Library handling.



IV. EXECUTING MICID USING COMMAND LINE IN LINUX

[-nmecs], [-ng]

[—op]
—pfl, [=pfd], [-pl], [-pt]
—rnpl
o], [~s]

Executing mode option:
[—ex]

Number of logical cores:
[—nd]

Enzyme option:
[—ez], —nmes

Cysteine modification option:
[=md]

Molecular weight options:
[_Cg]v [_dt]a [_ng]a [_pt]

Amino acid residue (PTMs) options:
[—rnp]

Database option:

[—db]

Scoring option:
[=il], [=pfd], [—ss]

Mass tag labeling [—mitl]
Output and Input file options:

[_Cf]v [_fl]7 [—ip], [_mtcf]v [_Oﬂv [—Op], [_pf]7 [_p”
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B. Syntax Description

—cf

File containing a list of protein sequences in FASTA format to be treated as contaminants.

—cg
Chemical group attached to peptide C-terminal.

Default value: —cg 17.002739

—cg 17.002739 = Free Acid

—cg 16.01872 = Amide

user can specify any molecular weight after the option —cg.

—db
This option is used to specify the name of database to be searched.
—db /path/database_name

—dt
Daughter fragment ions mass accuracy in parts per million (ppm).
Default value: —dt 10

—ex

Operation mode.

Default value: —ex 1

—ex 1 = Performing organism identification using MS/MS information
—ex 4 = Performing taxonomic level assignment for peptides

—ez

Enzyme option.
Default value: —ez 1
—ez 1 = Trypsin (K,R)

—fl

Specifying a list of MS/MS files separated by comma. The file list is used for peptide identification.

—fl filel file2,... filen

—il
Specify the level to consider for Organism Identification.
Default value: —il 5

—il 0 = Phylum
—il 1 = Class
—il 2 = Order
—il 3 = Family
—il 4 = Genus

—il 5 = Species

Input MS/MS spectra file name together with directory path.
—ip /path/msms_filename

Default value: —me C32 Carbamidomethylation (160.030646 Da.).
Chemical group attached to the side chain of cysteine.
—me C00 = Unmodified Cysteine (103.009186 Da.)
—me C31 = Carboxymethylation (iodoacetic acid) (161.014649 Da.)
—mc C32 = Carbamidomethylation (Todoacetamide) (160.030646 Da.)
—mc C33 = Pyridylethylation (208.066421 Da.)
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—mtl
Mass tag labeling for TMT.
Default value: —mil 0 (No isotopic labeling used) —mitl 1 (TMT-1)
—mtl 2 (TMT-2)
—mtl 3 (TMT-3)
—mtl 4 (TMT-4)
—mtl 5 (TMT-5)

—nc

Number of logical cores to be used. For optimum performance this number should be equal to the number of logical
core available in the operation system.

Default value: —nc 1

—ng
Chemical group attached to peptide N-terminal.
Default value: —ng 1.007825

User can specify any molecular weight after -ng.
Example:

—ng 1.007825 = Hydrogen

—ng 43.01838 = Acetyl

—of
File name to write database search results.
—op  /path/

—op
Directory path to write results.

—op  /path/

—pf
File containing a list of protein sequences in FASTA format for protein identification.
This could be a file containing protein sequences that are linked to antibiotic resistance in microorganisms.

—pfd
Control the proportion of false discovery at the peptide level for microorganism identification.
Default value: —pfd 0.05

—pl
File containing a list of peptides.
—pl /path/peptide_list_filename

Parent ion mass accuracy in parts per million (ppm).
Default value: —pt 10
All peptides with molecular mass within + 1x (parent ion mass tolerance) are considered for each query spectrum.

—rnp

Users can specify novel Post-Translational Modified (PTMs) residues during database searches.

Default value: —rnp NONE.

—rnp PO1QN = will allow novel PTM of proline P01 at the N-terminal.

—rnp P02QC, K03QA = will allow novel PTMs of proline (P01) at the C-terminal and of lysine (K03) anywhere in
the peptide.

—sl
A file containing a list of species to be considered during database search.
Default value: all species are considered during database search.



-sl file_name

—ss
Fragmentation series used by scoring function.
Default value: b and y series.

Any combination of the following are possible choices:

(b,b-H,b+H,a,a-H,a+H,c,b-NH3,b-NH3+H,b-H20-H.y,y-H,y+H x,z,y-NH3,y-H20).

-ss b,y,b-H20 = Scoring peptides using the b,y and b-H20 series
-ss a,c,z = Scoring peptides using the a,c and z series
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C. Database Construction

1. Database construction might require a large amount of hard drive disc space and might take several hours to
build depending in the number of species included in the database.

2. Execute the following command $./preprocess.pl MiCId_Test.cfg. The file MiCId_Test.cfg contains relevant
information on what to include/exclude in the database. The preprocess.pl script will download the relevant
taxonomy information from the NCBI ftp website.

3. Execute the following command $./makedb.pl MiCId_Test.cfg. The makedb.pl script will create the database
that can be processed by MiCId.

4. The path and name of the built database is /Pep/$enzyme_$miscp_$cystein/$dbname.

Currently, the following Cystein post-translational modifications are maintained:
C00 unmodified Cystein (103.009186 Da),
C31 Carboxymethylation (161.0146499 Da),
(€32 Carbamidomethylation (160.0306469 Da),
(C33 Pyridylethylation (208.066421 Da.)

Currently, the following enzymes are maintained:
Trypsin cleaving the C-terminal of the amino acids residues R and K.
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D. Post-Translation Modifications (PTMs) File

RAId_PTM file is the file that contains information related to amino acid residues and their corresponding
post-translational modifications. The user can add any new post-translational modification to this file as long as one
keeps with the same annotation structure shown below.

Line Code Description

ID Chemical Name of Amino Acid/PTM

AC Residue Key

TG Target Unmodified Amino Acid

RW Unmodified Amino Acid Molecular Mass

MW Modified Amino Acid Molecular Mass

PA Location of the Modification in the Amino Acid Residue
PP Position of the Amino Residue in the Peptide

CF Chemical Modification to the Amino Acid Residue

MM Monoisotopic Mass Difference MM=MW-RW

KY Other Common Names Used to Identify the Same Molecule
LT Other Terms Found In Literature not Necessary Correct Names

Some examples of the addition of new residues to the RAId_PTM file file.

1D Cholesterol glycine ester
AC GO01

TG Glycine

RwW 57.021465

MW 425.365766

PA Amino acid backbone.
PP C-terminal.

CF C27 H44

MM 368.344301

KY Lipoprotein.

LT None

1D N-palmitoyl cysteine
AC Co06

TG Cysteine

RW 103.009186

MW 341.238852

PA Amino acid backbone.
PP N-terminal.

CF C16 H30 O1

MM 238.229666

KY Lipoprotein; Palmitate; Palmitoylation.

LT Polmitoylation
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E. Example using command line

./MiCId -il 5 -ex 1 -ss b,y -pt 10 -dt 10 -mc C32 -evc 1 -nc 12 -sl "path/filename” -rnp NONE -ip ”path/filename”
-db ”path/filename” -op ”path/filename” -of ”test_results” -cf ”path/filename” -ng 1.007825 -cg 17.002739

Organism Identification level used —il 5 = Species

Organism identification mode —ex 1

Fragmented series used to score peptide —ssr b, y.

Molecular error tolerance of parent ion 10 ppm. —pt 10

Molecular error tolerance of daughter ion 10 ppm —dt 10

Cysteine modification —mc C32.

Number of logical cores —nc 10

Maximum FE-value allowed for reported peptide —evc 1

Selected taxa to be considered when submitting a job —sl ”path/filename”

All amino acid residues of serine and tyrosine are considered as modified —rnp NONE.
Path location of MS/MS files —ip ”path/filename”

Path location of database used —db ”path/filename”
Output path —op ”path/filename”

Output file suffix name —of "test_results”

Path location of contaminants file used —cf ”path/filename”
N-terminal group hydrogen —ng 1.0078

C-terminal group free acid —cg 17.0027
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