Joyce et al. BMC Res Notes (2018) 11:182
https://doi.org/10.1186/513104-018-3289-6

A graphical user interface for RAld,

BMC Research Notes

@ CrossMark

a knowledge integrated proteomics analysis
suite with accurate statistics

Brendan Joyce, Danny Lee, Alex Rubio, Aleksey Ogurtsov, Gelio Alves and Yi-Kuo Yu’

Abstract

Objective: RAId is a software package that has been actively developed for the past 10 years for computationally
and visually analyzing MS/MS data. Founded on rigorous statistical methods, RAId's core program computes accurate
E-values for peptides and proteins identified during database searches. Making this robust tool readily accessible for
the proteomics community by developing a graphical user interface (GUI) is our main goal here.

Results: We have constructed a graphical user interface to facilitate the use of RAId on users'local machines. Writ-
ten in Java, RAId_GUI not only makes easy executions of RAId but also provides tools for data/spectra visualization,
MS-product analysis, molecular isotopic distribution analysis, and graphing the retrieval versus the proportion of false
discoveries. The results viewer displays and allows the users to download the analyses results. Both the knowledge-
integrated organismal databases and the code package (containing source code, the graphical user interface, and a
user manual) are available for download at https://www.ncbi.nlm.nih.gov/CBBresearch/Yu/downloads/raid.html.
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Introduction

RAId is a software package for identifying peptides and
proteins via analyzing tandem mass spectrometry data.
An important feature of RAId is its use of spectrum-
specific statistics [1] for inferring peptide P- and E-val-
ues. Based on the extension of the central limit theorem
(CLT), RAId’s score distribution can be derived theo-
retically [2] with one parameter for fitting the skewness
of the corresponding score histogram per spectrum. To
extend accurate statistics to more scoring functions, we
have also developed via dynamic programming the “all
possible peptide” (APP) statistics [3, 4] which is applica-
ble to any scoring function that sums independent con-
tributions, including popular scoring functions such as
XCorr [5], RAId score [2], Hyperscore [6], and Kscore [7].
To go beyond scoring functions that are sums of inde-
pendent contributions, we have further implemented
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in RAId the extreme value distribution (EVD) based
method for peptide significance assignment [8].

The most substantial extension of the RAId package,
however, is its protein identification with accurate pro-
tein level P- and E-values. This new feature is based on
our recently developed formalism for combining [9]
weighted P-values [10] and a rigorous statistical method
for protein identification [11].

In addition to the in-house developed knowledge-
integrated organismal protein databases, RAId can
search custom protein databases provided by the users.
Our knowledge-integrated databases currently contain
20 organisms and include annotated information for
single amino-acid polymorphisms (SAPs), post-trans-
lational modifications (PTMs) and their disease associa-
tions, when available. The format of the databases [12]
allows for efficient peptide search with on-the-fly scope
expansion to include annotated SAPs and PTMs. Users
also have the option for including novel PTMs during
searches.

To simplify the access to the full functionality of
RAId and to integrate with RAId useful visualization

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


https://www.ncbi.nlm.nih.gov/CBBresearch/Yu/downloads/raid.html
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-018-3289-6&domain=pdf

Joyce et al. BMC Res Notes (2018) 11:182

and graphic tools, we have developed the first GUI for
RAId. Although there exist other freely available pro-
teomics analysis GUI such as OMSSAGUI [13] and
SearchGUI [14], RAId_GUI is the only one that pro-
vides not only peptide/protein identifications with accu-
rate statistics but also a large collection of additional
functionalities.

Main text

To run RAId_GUI on the Linux Operating System, the
user has to download the compressed RAId software
package and uncompress the archive to a local direc-
tory. Running RAId_GUI requires the X Window System
(X11).

MS/MS dataset

To demonstrate the utility of RAId_GUI we have used
a dataset composed of three MS/MS files: sample one
(S-1) PSM1027_07FEB15_ABRF_FT_100a.mzXML, S-2
PSM1028_07FEB15_ABRF_FT_100b.mzXML and S-3
PSM1029_07FEB15_ABRF_FT_100c.mzXML down-
loaded from https://www.ncbi.nlm.nih.gov/peptidome/
PSE108/. This dataset is a triplicate run of a mixture
composed of 49 known human proteins (Sigma-Aldrich
49). The tryptic peptides were separated via revere phase
high-performance liquid chromatography using a 45 min
gradient and MS/MS spectra were acquired on an LTQ
Orbitrap (Thermo Electron) mass spectrometer. The
Sigma-Aldrich 49 protein mixture, now referred to as
Universal Proteomics Standard 1 (UPS-1), was originally
designed to evaluate a method’s performance in identify-
ing the components of a known complex protein mixture.

Setting parameters
The command line to start RAId_GUI is:

$ java -jar RAId_GULjar

After this command the main dialogue window
appears. In the main dialogue window, there are three
main tabs allowing users to set desirable search param-
eters. Under the New Job tab, in the Files group, the sup-
ported formats for the input MS/MS File include .dta,
.pkl, .mgf, .mzData, .mzXML, .mzML, and .raw. And for
our case, we shall select S-3 as our example run. As for
the database, the H. sapiens database, HomoSapiens_
Sprot.fasta, containing 161,521 protein sequences down-
loaded from http://www.uniprot.org (January 1, 2018).
The user may choose his/her own Output File Prefix; we
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put in PSM1029 07FEB15_ABRF FT 100c as an exam-
ple. See the Files group of Fig. 1 a.

In general, the full knowledge-integrated organismal
databases can be downloaded for use from the website
provided. In addition, users may also construct a custom
database that is made of protein sequences of their choice
via the Format option on the menu bar by first browsing
to the location of the sequence file (in FASTA).

To set the enzymatic digestion preference, users need
to specify three parameters in the Enzymes group. For
the example data set, Enzyme Type is Trypsin, maximum
missed cleavage sites is 2, and Cleavage Type is fully
enzymatic. See the Enzymes group of Fig. 1a.

In the Statistics group, combinations of several scor-
ing functions and statistical methods are available. For
this example run, we choose RAId score (as the scoring
function), the CLT-extended statistics, and the b— and
y— fragmentation series to score. See the Statistics group
of Fig. 1a. In the Logical Cores group, users may specify
the number of CPU cores to be allocated for the job. For
this example run, we select 1 core. See the Logical Cores
group of Fig. 1a.

To proceed, under the more parameters tab, we use the
default molecular masses for N- and C-termini, carba-
midomethylation (+57.02 Da) for cysteine modification,
10 and 50 ppm for precursor and product ion mass tol-
erances, and I for E-value cut-off. Under the SAPs and
PTMs tab, users may set their preference for SAP and
PTM inclusion during searches. For this example run, we
did not include SAPs or PTMs during searches.

To avoid repetition and save time, a user may save
search parameters to a file by clicking on the Save Set-
tings button and then load it for later use by clicking
on the Load Settings button. More details about search
parameter options can be found in the user manual,
which can be easily accessed by selecting on the menu
bar the option RAId/User Guide.

Monitoring jobs

After specifying parameters, the user can submit a job to
run and a Process Queue window will open. The Process
Queue window reports the status of submitted jobs. In
our example run, the user will see PSM1029_07FEBI15_
ABRF_FT_100c appear as the output file. See Fig. 1c. If
the Process Queue window is accidentally closed, one
may access it by selecting the Queue/Process Queue
option in the menu bar. When the specified number of

(See figure on next page.)

Fig. 1 lllustrations of RAId_GUI when analyzing the spectral data file PSM1029_07FEB15_ABRF_FT_100c.mzXML. a Main dialog window of
RAId_GUI with appropriate parameters selected in the “New Job"tab; b main dialog window of the “More Parameters”tab; ¢ the Process Queue
window; d peptide PFD plot, readily accessible under “Plot Results”menu, of this example run
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cores is greater than the cores currently available, the
Process Queue puts the job on hold until enough CPUs
are free. Users may cancel/restart/remove a job by right
clicking on the colored cell under status.

Results

After a RAId job is finished, users can view the protein
and peptide ID results by pressing the View Results but-
ton either in the Process Queue window or in the main
menu. Users then must select any of the three types of
result files (peptide ID, protein ID, protein peptide ID) for
viewing. Figure 2 displays the peptide/protein ID result
of the current example run. On top, one first finds a list
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of identified proteins. By clicking on an identified pro-
tein, that protein sequence and all the identified peptides
mappable to that protein are shown. If one then clicks on
the identified peptides, the corresponding segments in
the protein will be highlighted in colors. This protein cov-
erage picture can be exported by clicking on the Export
Sequence button. One may also choose to export the
identification results into a comma or tab separated file
within which each identified protein and its correspond-
ing peptides are displayed.

Since RAId provides accurate E-value assignments, we
are able to offer the option to plot the proportion of false
discoveries (PFD) for both peptides and proteins via the
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Fig. 2 lllustrations of RAId_GUI when analyzing the spectral data file PSM1029_07FEB15_ABRF_FT_100c.mzXML. The proteins and peptides viewer
shown here, available under the “View Results” menu, displays proteins and peptides identified. By selecting (highlighting) a protein, in this example
the top-ranking protein, all identified peptides corresponding to that protein are shown in the middle sector of the window. Peptides selected
(highlighted) in the middle sector of the window are then displayed in color at the bottom window where the full protein sequence is displayed
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Sori¢ formula [15]. To plot these graphs, one first selects
the Plot Results/Plot PFD option in the main menu, then
selects one of the three file types (protein PFD, protein
cluster PFD, peptide PFD), and then navigates to the
result file location and clicks open to generate the PFD
plot. Figure 1d displays the peptide identification PFD
plot of this example run.

To show that RAId performs comparably to other
search tools, we analyze S-1, S-2 and S-3, the triplicate
of UPS-1, using RAId_GUI (v.Dec.7.2017), SEQUEST
HT [16] (v.1.1), and Mascot (v.2.5.1, http://www.matri
xscience.com/help.html) with the same search param-
eters. Proteome Discoverer (v1.4, http://www.thermofish
er.com/en/home.html) is employed for protein ID when
SEQUEST and Mascot are used. For each method, its
identification results for the triplicate samples (S-1, S-2,
and S-3) are displayed in terms of the number of identi-
fied proteins that are true positives (TP) alongside with
the number of identified proteins that are false positives
(EP). For SEQUEST: S-1 21(TP) & 1(EP), S-2 23(TP) &
5(FP), S-3 12(TP) & 1(FP); for Mascot: S-1 27(TP) &
O(FP), S-2 16(TP) & O(FP), S-3 20(TP) & O(FP); and for
RAId using RAId_GUI with cutoft E-value 1: S-1 32(TP)
& 1(FP), S-2 33(TP) & 2(FP), S-3 31(TP) & O(FP). The
lists of identified proteins are provided in Additional
file 1. More elaborate performance assessment of RAId in
comparison with other methods can be found in [11].

Additional tools

To facilitate further data analyses, we included in the
RAId_GUI package three additional tools, which we
briefly summarize.

Spectra viewer

Users may visualize the experimental data files by select-
ing the Tools/View MS spectrum option in the main
menu. The viewer window starts with displaying the
peptide chromatography plot with retention time along
the abscissa and the normalized total MS' ion current
along the ordinate. The user can select to view either
all MS! peaks or only MS! peaks that were selected for
further fragmentations. We call the former the MS level
and the latter the MS/MS (MS?) level. Figure 3a displays
the chromatogram of the example data. When the user
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selects a peak on the chromatogram, two new windows
appear. At the MS! level, the first new window displays
all m/z peaks at the selected retention time while the
second window shows the same m/z peaks deconvoluted
to charge one. At the MS/MS level, the first new window
displays the MS/MS fragments recorded in the data file
while the second window shows the peaks processed by
the filtering function (RAId score, Hyperscore, Kscore
or XCorr) chosen under the Tools/View MS spectrum
option. For the current example, RAId score filtering
function is selected.

The user can zoom in by selecting on a graph a segment
of abscissa with the left mouse key pressed, and zoom out
by pressing the right mouse key. Clicking on the Show
data button yields a vertical table with values of peaks
on the corresponding graph. The graph can be saved in
either png or pdf formats by pressing the Export images
button and specifying the output filename. Similarly, the
peaks data can by saved to a file in the comma separated
text format by clicking the Export data button.

MS product tool

The MS product tool can be accessed by selecting the
Tools/Peptide Product-lons option in the main menu.
Given a peptide, this tool creates a table of the monoi-
sotopic masses of the peptide’s fragments. When a cor-
responding spectrum file is also provided, this tool
searches for experimental evidences in the spectrum and
allows users to visualize these peaks (with annotations)
on a graph. Figure 3b is an example taken from the pep-
tide FDEFFSEGCAPGSK belonging to protein P02787 of
Fig. 2. P02787 is the top ranking (highlighted) protein in
Fig. 2, while FDEFFSEGCAPGSK is the peptide of record
number 19 belonging to P02787. The interface and func-
tionality are similar to that of the spectra viewer tool. The
table and the graph can be saved to files by pressing cor-
responding buttons.

MIDAs

The third tool is for Molecular Isotopic Distribution
Analysis (MIDAs) [17]. This tool is a useful add-on when
studying proteomics as it calculates swiftly and displays
the theoretical isotopic distributions for the input mol-
ecules, providing additional signature for each peptide.

(See figure on next page.)

Fig. 3 lllustrations of RAId_GUI“Tools" when analyzing the spectral data file PSM1029_07FEB15_ABRF_FT_100c.mzXML. The top sector spectra
viewer in a displays the chromatogram of PSM1029_07FEB15_ABRF_FT_100c.mzXML; the middle sector displays the MS/MS spectrum (Scan
Number 2467) of FDEFFSEGCAPGSK, the peptide of record number 19 belonging to protein P02787 (see Fig. 2); the bottom sector displays the
same spectrum filtered by the RAId score scoring function. b The “Peptide Product-lons” tool using the same peptide FDEFFSEGCAPGSK and its
corresponding spectrum. The top sector tabulates the theoretical fragments of the peptide with experimentally supported matches shown in red.
The bottom sector shows the filtered spectrum; strong peaks having (no) theoretical matches displayed in red (blue)
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In particular, MIDAs allows for customized isotopic
abundances and thus might be useful for analyzing data
from customized experiments. The default isotopic abun-
dances are obtained from [18, 19].

Conclusions

In this manuscript, we describe some important features
of the RAId_GUI, which is user-friendly and versatile.
Once search parameters are selected and experimental
data specified, without needing further interventions the
suite analyzes the data all the way to reporting identified
peptides and then proteins with accurate statistical sig-
nificance assignments.

Limitations

Written in Java, the GUI can be launched in any platform.
However, the RAId code package utilizes several func-
tions such as parallelization and shared memory that are
specifically programmed in the Linux environment. It is
our future plan to enable RAId code to run on more plat-
forms, thus maximizing the accessibility of RAId through
its GUL

Additional file

Additional file 1. The lists of identified proteins by various search engines.
In this excel file, the readers may find the proteins identified by different
search tools listed in the main text while using UPS-1 protein mixture
triplicate samples S-1, S-2, and S-3. In the last sheet of this file contains the
accession numbers of proteins in UPS-1.

Abbreviations

RAId: Robust Accurate Identification software package; MIDAs: Molecular
Isotopic Distribution Analysis tool; GUI: graphical user interface; CLT: central
limit theorem; EVD: extreme value distribution; APP: all possible peptides; PFD:
proportion of false discoveries.

Authors’ contributions

AO, GA, and YKY initiated the development of the graphical user interface; BJ,
DL, AR contributed equally in programming the GUI; AO, GA and YKY wrote
the paper. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by the Intramural Research Program of the National
Library of Medicine at the National Institutes of Health.

Competing interests
The authors declare that they have no competing interests.

Availability

Download page: https://www.ncbi.nlm.nih.gov/CBBresearch/Yu/downloads/
raid.html; Operating system(s): Linux; Programming language: C++, Perl, Java;
License: All components written by the authors at the NCBI are released into
Public Domain. Components included from elsewhere are available under
their own open source licenses and attributed in the source code. Any restric-
tions to use by non-academics: None.

Consent to publish
Not applicable.

Page 7 of 7

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 12 November 2017 Accepted: 9 March 2018
Published online: 15 March 2018

References

1. Alves G, Yu Y-K. Robust accurate identification of peptides (raid): deci-
phering ms? data using a structured library search with de novo based
statistics. Bioinformatics. 2005;21:3726-32.

2. Alves G, Ogurtsov AY, Yu YK. RAId_DbS: peptide identification using
database searches with realistic statistics. Biol Direct. 2007;2:25.

3. Alves G, Yu YK Statistical characterization of a 1D random potential
problem—uwith applications in score statistics of MS-based peptide
sequencing. Physica A. 2008;387(26):6538-44.

4. Alves G, Ogurtsov AY, Yu YK. RAId_aPS: MS/MS analysis with multi-
ple scoring functions and spectrum-specific statistics. PLoS ONE.
2010;5(11):15438.

5. Park CY, Klammer AA, Kall L, MacCoss MJ, Noble WS. Rapid and accurate
peptide identification from tandem mass spectra. J Proteome Res.
2008;7(7):3022-7.

6. Craig R, Beavis RC. TANDEM: matching proteins with tandem mass spec-
tra. Bioinformatics. 2004;20(9):1466-7.

7. Maclean B, Eng JK, Beavis RC, McIntosh M. General framework for devel-
oping and evaluating database scoring algorithms using the TANDEM
search engine. Bioinformatics. 2006;22(22):2830-2.

8. Alves G, Yu YK. Confidence assignment for mass spectrometry based
peptide identifications via the extreme value distribution. Bioinformatics.
2016;32(17):2642-9.

9. Alves G, WuWW, Wang G, Shen RF, Yu YK. Enhancing peptide identi-
fication confidence by combining search methods. J Proteome Res.
2008;7(8):3102-13.

10. Alves G, Yu YK. Combining independent, weighted P-values: achieving
computational stability by a systematic expansion with controllable
accuracy. PLoS ONE. 2011;6(8):22647.

11. Alves G, Yu YK. Mass spectrometry-based protein identification
with accurate statistical significance assignment. Bioinformatics.
2015;31(5):699-706.

12. Alves G, Ogurtsov AY, Yu Y-K. RAId_DbS: mass-spectrometry based pep-
tide identification web server with knowledge integration. BMC Genom.
2008;9:505.

13. Tharakan R, Martens L, Van Eyk JE, Graham DR. OMSSAGUI: an open-
source user interface component to configure and run the OMSSA
search engine. Proteomics. 2008;8(12):2376-8.

14. Vaudel M, Barsnes H, Berven FS, Sickmann A, Martens L. SearchGUI: an
open-source graphical user interface for simultaneous OMSSA and X!
Tandem searches. Proteomics. 2011;11(5):996-9.

15. Sorié B. Statistical “discoveries”and effect-size estimation. J Am Stat Assoc.
1989;84(406):608-10.

16. Eng JK, McCormack AL, Yates JR. An approach to correlate tandem mass
spectral data of peptides with amino acid sequences in a protein data-
base. J Am Soc Mass Spectrom. 1994;5(11):976-89.

17. Alves G, Ogurtsov AY, Yu YK. Molecular isotopic distribution analysis
(MIDASs) with adjustable mass accuracy. J Am Soc Mass Spectrom.
2014;25(1):57-70.

18. Audi G, Wapstra AH. The 1993 atomic mass evaluation (1). Atomic mass
table. Nucl Phys A. 1993;565:1-65.

19. Audi G, Wapstra AH. The 1995 update to the atomic mass evaluation.
Nucl Phys A. 1995;595:409-80.


https://www.ncbi.nlm.nih.gov/CBBresearch/Yu/downloads/raid.html
https://www.ncbi.nlm.nih.gov/CBBresearch/Yu/downloads/raid.html
https://doi.org/10.1186/s13104-018-3289-6

	A graphical user interface for RAId, a knowledge integrated proteomics analysis suite with accurate statistics
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	MSMS dataset
	Setting parameters
	Monitoring jobs
	Results
	Additional tools
	Spectra viewer
	MS product tool
	MIDAs


	Conclusions
	Limitations
	Authors’ contributions
	References




