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LogViewer: A Software Tool to Visualize Quality Control Parameters to Optimize
Proteomics Experiments using Orbitrap and LTQ-FT Mass Spectrometers
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Visualization tools that allow both optimization of instrument’s parameters for data acquisition and specific
quality control (QC) for a given sample prior to time-consuming database searches have been scarce until
recently and are currently still not freely available. To address this need, we have developed the visualization
tool LogViewer, which uses diagnostic data from the RAW files of the Thermo Orbitrap and linear trap
quadrupole-Fourier transform (LTQ-FT) mass spectrometers to monitor relevant metrics. To summarize and
visualize the performance on our test samples, log files from RawXtract are imported and displayed.
LogViewer is a visualization tool that allows a specific and fast QC for a given sample without time-consuming
database searches. QC metrics displayed include: mass spectrometry (MS) ion-injection time histograms, MS
ion-injection time versus retention time, MS? ion-injection time histograms, MS? ion-injection time versus
retention time, dependent scan histograms, charge-state histograms, mass-to-charge ratio (M/Z) distribu-
tions, M/Z histograms, mass histograms, mass distribution, summary, repeat analyses, Raw MS, and Raw MS?.
Systematically optimizing all metrics allowed us to increase our protein identification rates from 600 proteins
to routinely determine up to 1400 proteins in any 160-min analysis of a complex mixture (e.g., yeast lysate)
at a false discovery rate of <1%. Visualization tools, such as LogViewer, make QC of complex liquid
chromotography (LC)-MS and LC-MS/MS data and optimization of the instrument’s parameters accessible to
users.
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INTRODUCTION

Complex biological samples analyzed by liquid
chromotography (LC)-mass spectrometry (MS)/MS do
not lend themselves easily to quality control (QC) mea-
surements, yet they are urgently needed. Although it is
standard procedure to check whether LC is fully condi-
tioned and a mass spectrometer is calibrated and tuned
correctly for a simple, defined standard, this is not
necessarily true for a complex, unknown sample.

Performance of a MS-based proteomics experiment is
known to be highly dependent on the sample itself with
detrimental effects when salt, detergent, or keratin contam-
inations are present. Even if a sample is optimally prepared,
a proteomics experiment can still fail if the chosen LC and
MS instrument parameters are not optimized for the sam-
ple to be investigated. Variances in setups and instrumen-
tation itself also influence achievable performance. All of
these factors certainly contribute to the relative scarcity of
performance criteria. Recently, the Clinical Proteomic
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Technology Assessment for Cancer (CPTAC) group was
the first to develop a set of performance criteria for linear
trap quadrupole (LTQ) and Orbitrap instrumentation,
mostly in a tabulated format.'™ Independently from this
multicenter group, we have developed a visualization tool,
LogViewer, which uses diagnostic data from the RAW files
of Thermo Orbitrap and LTQ-FT mass spectrometers to
monitor relevant metrics such as MS and MS? ion-injec-
tion times, precursor ion-charge states, repeat analyses, and
other metrics, allowing a quick and easy assessment of
specific QC parameters for each sample prior to time-
consuming database searches. Prior to the development of
this tool, we used Microsoft Excel to display most of the
parameters but found the selection and display of 25,000 —
30,000 entries/parameter too cumbersome to be used rou-
tinely. The benefit of data visualization lies mostly in its
speed and its accessibility to human interpretation, making
it easier for novices and experts alike to gain insights that
cannot be obtained with other formats. The LogViewer is
also flexible, in that it allows users to optimize the perfor-
mance of their individual LC-MS instrumentation (e.g.,
Thermo LTQ, LTQ-FT, Orbitrap Classic, Orbitrap Ve-

los) to their respective samples.
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MATERIALS AND METHODS

LogViewer Software

LogViewer is a python script, which loads data from log
files generated by RawXtract,* and displays the various QC
metrics using Qt4 and Matplotlib libraries. The frequency
of repeat analyses is approximated by performing hierarchi-
cal clustering on each scan’s precursor mass-to-charge ra-
tios (M/Z) using single-linkage clustering and maximum
linkage of 10 ppm and tallying the number of scans in each
cluster. A precompiled version of the tool and a sample log
file are available at http://pel.caltech.edu/software/.

After downloading the installer on a computer with
Windows (95 or higher), execute the installer to unpack the
executable, and create a start menu entry. LogViewer can
then be accessed from the Caltech folder in the start menu.
After launching LogViewer, log files are loaded by clicking
on the “Open File. . .” button in the lower right corner. Log
files are generated from RawXtract as outlined in Fig. 1. Please
note that .ms2 files as well as .log files from RawXtract need
to be exported for the log files to be generated properly.
After opening the log file, minimum and maximum reten-
tion times are set automatically. A smaller retention time
window can be selected by adjusting the values and clicking
the “Update” button.

The various QC metrics displayed include: MS ion-
injection time histograms, MS ion-injection time versus
retention time, MS> ion-injection time histograms, MS”
ion-injection time versus retention time, dependent scan
histograms, charge-state histograms, M/Z distributions,
M/Z histograms, mass histograms, mass distribution, sum-
mary, repeat analyses, Raw MS, and Raw MS>. All plots
can be panned by selecting the pan icon. Additionally, plots
can be zoomed to a particular region by selecting the icon
with a magnifying glass and rectangle. Zoom to full extents
is achieved by selecting the home icon. These icons are
located on the lower left corner of the software. All plots
can be saved at once by selecting the “File — Save Images”
menu item. This will save Portable Network Graphics
(.png) images of all plots in the same directory as the log
file. Alternatively, individual plots can be saved by clicking
on the disk icon in the desired tabbed window.

RESULTS

We have developed the visualization tool LogViewer to
quickly and easily assess and evaluate the overall instrument’s
performance, as well as individual sample quality. LogViewer
allows for visualization of diagnostic output data from log files
generated by RawXtract® and routine monitoring of impor-
tant QC metrics. It displays those metrics that are important
for a successful LC-MS/MS experiment: metrics that change
during a routine analysis and are affected by user-specified

JOURNAL OF BIOMOLECULAR TECHNIQUES, VOLUME 22, ISSUE 4, DECEMBER 2011

Raw files

RawXtract

Log files

LogViewer

FIGURE 1

LogViewer uses the log files created by RawXtract. For LogViewer to
display the parameters properly, it is necessary that .ms2 files as well
as .log files are exported from RawXtract.

parameters (e.g., ion-injection time, charge-state selection).
The use of LogViewer to optimize instrument parameters
using yeast lysate is illustrated and discussed in the following
subsections.

MS- and MS*-Injection Times

The rate-determining step of an ion trap analytical cycle is
the MS- and MS*-injection time, the time it takes for
precursor (MS) or fragment ions (MS?) to fill the trap. In a
given setup, short MS (and MS?) ion-injection times are
thus indicative of an optimized spray. MS (and MS?)
ion-injection times are displayed as histograms to monitor
overall performance or versus retention time, to display
variations during an analysis. Although ionization effi-
ciency has an effect on MS and MS?, we found short MS
ionization times to indicate mostly optimized spray condi-
tions. On an Orbitrap Classic or LTQ-FT collision-in-
duced dissociation (CID) experiment, we generally see for
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Mean Injection Time: 13.3 Median Injection Time: 5.0

FIGURE 2

MS ion histogram. An optimized sample
showed a median-injection time of 5
ms. Additional screenshots of all param-
eters of an optimized sample are avail-
able in the Supplemental information.

200+ Ba

Update Min Retention: 0.00

automatic gain control target values of 1 X 10° (MS) and
5 X 10°(MS/MS) ion-injection times of <50 ms in an
optimized spray throughout the analysis. Fig. 2 shows a
screenshot of the MS histogram showing a median ion-
injection time of 5 ms. It should be noted that analogous
values for an Orbitrap Velos should be considerably lower,
as the Orbitrap Velos has a significantly improved ion
transmission. During a spray-optimized analysis, larger
variations may be observed before the sample is actually
loaded on the column, indicating a lack of ionizable pep-
tides at this time. Spray instabilities are detected with
increased mean-injection times in the histograms and in
the ion-injection time versus retention time display. This
feature can also be helpful when samples are analyzed
unsupervised (overnight and over weekends), and perfor-
mance has decreased over this time period. If the spray has
become unstable in the middle of a sequence, it can detect
exactly when this happened and which samples need to be
reanalyzed, as the occurrence of spray instability during a
LC run can be easily determined using LogViewer.

This metric was also useful to identify valve-closing
irregularities on a previously used UltraPerformance LC
(UPLC) pump. These irregularities presented themselves as
spikes ca. every 25 min (Fig. 3) with the median-injection
time still on target (below 20 ms). Here, the benefit of
visualization tools, such as LogViewer, becomes apparent
immediately. Even an untrained eye recognizes the spiked
pattern and can start to investigate the underlying reason.
In addition to optimized spray conditions, short MS*-
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injection times indicate optimization of sample load to the
chosen instrument parameters.

Dependent Scan Histograms

When surveying the literature, it is often difficult to judge
how many MS/MS data-dependent scans should be chosen
for every precursor scan. For CID experiments, recommen-
dations vary mostly between three and 10 data-dependent
scans/precursor scan. When displaying the dependent scan
number, we were able to identify performance problems
when the frequency of dependent scans dropped as a result
of inappropriate instrument settings (e.g., when the ACG
targets for MS and MS? were not optimized).

Charge-State Histograms

When peptides are ionized, their protonation status and
thus, their charge states vary. It has been described previ-
ously™® that doubly charged ions fragment better in CID
experiments than triply charged ions, wheras triply charged
ions fragment better in electron transfer dissociation
(ETD) experiments. In an effort to optimize for the pref-
erential formation of doubly charged ions in CID, we
experimented with different needle-tip materials (silica,
coated and uncoated, metal). With the use of LogViewer,
we found that the tip material influenced the generation of
different charge states. A needle generating preferentially
doubly charged ions was the New Objective PicoTip emit-
ter with a P200P coating creating >70% doubly charged
ions, followed by ca. 25% triply charged ions and few
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quadruply or higher charged ions. In contrast, uncoated
emitters regularly produce less doubly charged ions (data
not shown). In our optimized settings, we exclude singly
charged ions, as many background ions are singly charged.
Once optimized for the preferred charge state, unexpected
run-to-run changes in charge-state distributions can be
indicative of changes in sample composition (e.g., as a
result of contamination, insufficient digestion).

M/Z Distribution and Histograms

Literature reports also often vary widely in the use of the
M/Z range for the precursor scan (scan event 1). For
instance, the CPTAC study recommended the use of 300 -
2000 M/Z. When monitoring the M/Z distribution, we
noticed that for instance, yeast lysates rarely display M/Z
above 1600. Thus, we limited the M/Z range to 300—1600
for yeast lysates. The narrower the M/Z window, the faster
the scans can be performed, increasing the duty cycle and
thus, the number of scans that can be analyzed in a given
timeframe.

Mass Distribution and Histograms

The mass of a protonated peptide is calculated by multiply-
ing its M/Z value with its charge state and subtracting its
charge state times the proton mass. This additional infor-
mation can be useful to identify incomplete digestion when
an unexpected large number of polypeptides larger than
3500 Da are detected. Like most of the other metrics, this
observation is dependent on the chosen LC and MS sample
conditions. If, for instance, charge states are accepted or
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FIGURE 3

Injection time versus retention time
shows spikes ca. every 25 min, revealing
valve-closing irregularities of the UPLC

pump.

rejected, it will influence the observed mass distribution. A
useful feature is the color coding in the mass distribution
tab. Charge state 1 is displayed in red (not shown), charge
state 2 is displayed in green, charge state 3 in blue, and
charge state 4 and higher in cyan. Thus, an increase of
singly or multiply charged ions can be visualized easily.

Repeat Analyses

In the Xcalibur software, LC and MS settings can be
theoretically matched so that every ion is supposedly ana-
lyzed only once. In practice, this is not the case. Even in our
currently best optimizations, we observe an average of ca.
four repeat analyses, as the observable peak width varies for
different peptides. In addition, high abundant peptides
may leach out over longer periods of time. Ideally, each
peptide would be analyzed only once (at its most intense
point in the chromatogram). If every peptide is analyzed
more than once, the number of identified peptides could be
increased significantly by just allowing the dynamic exclu-
sion list to be long enough to accommodate every observ-
able ion into this list. Changes can be monitored using
LogViewer.

Summary

In addition to the individual plots, a summary table shows the
number of MS events, number of MS? events, number of MS
ion-injection times, number of MS” ion-injection times at the
chosen maximum-injection times, and number of MS scans
with charge state 1+, 2+, 3+, 4+, 5+, 6+, 7+.
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Raw MS and Raw MS?

Finally, all scan numbers and their associated retention
times, injection times, M/Z, and charge states (in case of
MS?) are listed in a table to allow the specific interrogation
of a certain scan.

DISCUSSION

Most metrics in complex LC-MS/MS analyses show high
interdependency and are best used in comparison. To
optimize our system, we use biological samples that are
similar to the samples of interest (e.g., yeast cell lysates or
HeLa cell lysates when analyzing yeast or Hela cells).
Similar to commercially available protein standards, any
self-generated standard contains unknown proteins, but
self-generated standards do have the advantage that they are
being processed in the same way that the sample will
eventually be processed. Although we do use synthetic
peptide standards for an initial system check, we found that
they generally lack sufficient complexity that is needed for
optimization of complex biological samples in global pro-
teomics studies.

This is apparent immediately when just one metric,
such as MS-injection times, is monitored and compared: a
complex biological sample will produce an abundance of
ions throughout the chromatogram, but a standard con-
taining only a few low-concentrated peptides may only
produce enough ions during the time interval when the
peptides elute. A comparison between a sample of high and
low complexity would thus be meaningless. Therefore, it is
recommended to use a standard with the same complexity
as the investigated sample.

LogViewer is designed to accommodate different in-
strument setups (e.g., Thermo LTQ, LTQ-FT, Orbitrap
Classic, Orbitrap Velos) and sample requirements (e.g.,
low- and high-complexity samples). This allows for further
optimization (e.g., when a different fragmentation tech-
nique, such as ETD, is used, or new instruments are incor-
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porated into a lab) and for run-to-run QC. If in a sequence
of unsupervised samples, the spray deteriorates for one
sample, this sample can be identified and reanalyzed,
whereas the remaining samples do not require reanalysis.
Systematically optimizing all metrics allowed us to increase
our protein identification rates from 600 proteins to rou-
tinely determine up to 1400 proteins in any 160-min
Orbitrap Classic analysis at a protein and peptide false
discovery rate of <1%. In addition to optimization of the
instrument’s parameters for data acquisition, specific QC
for a given sample prior to time-consuming database
searches is enabled by LogViewer analysis.

Supplemental Information

Supplemental information displays all 14 LogViewer screenshots
of an optimized sample.
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