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Mass spectrometry data from high-resolution time-of-flight instruments often contain a vast number
of noninformative background-ion peaks whose signal is similar to that of peptide peaks. Consequently,
seeking peptide signal in these spectra based on a signal-to-noise ratio will remove signal peaks as
well as noise. This work characterizes the background as a precursor to seeking peptide-related features.
Robust-regression methods are used to estimate distributions for null (background) peak intensities
and locations. Defining signal peaks as outliers with respect to these distributions leads to more precision
in detecting the isotopic envelope of peaks from low-abundance peptides in high-resolution spectra.
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1. Introduction

Algorithms for extracting peptide information (e.g., peaks)
from mass spectrometry (MS) data are now common and
widely varied in their approaches. These preprocessing meth-
ods perform a variety of tasks necessary for researchers to
subsequently use MS spectra either for classification of serum
and tissue samples or for identification of protein content via
tandem MS. The challenges posed by data from MALDI-based
[Matrix Assisted Laser Desorbtion/Ionization; this includes the
Surface-Enhanced Laser Desorbtion/Ionization (SELDI)] time-
of-flight (TOF) instrumentation, as highlighted by Yasui et al.,1

spurred a flurry of interest in improving processing methods,
including spectrum alignment/registration, smoothing/denois-
ing, adjusting for noninformative baseline, estimation of a
signal-to-noise ratio, normalization, and quantification of peak
intensities. All of these efforts are aimed at extracting peptide-
induced signal that can be consistently identified across a large
(e.g., 102 to 103) collection of samples. In low-resolution
instrumentation, peptide signal appears as noisy peaks in the
raw spectra and corresponds to local maxima (at a certain
scale); a peak is assumed to represent a single peptide, and
each detectable peptide produces a single peak.

The present work considers data from high-resolution
instrumentation for which the challenges are similar but the
signal from each peptide appears as a sequence of peaks from
several isotopes and, more problematically, is typically ac-
companied by a vast number of potentially noninformative
“background” peaks whose signal strength can be similar to,
and even greater than, informative peaks. These data, such as
output from an electrospray ion source or the reflector mode
of MALDI-based instruments, have different characteristics
than the lower-resolution, linear-mode MALDI spectra. The

process of extracting relevant peaks that make up such a profile
is, in many ways, harder in these higher-resolution spectra and
has a larger impact on the subsequent analysis. Figure 1
exhibits a raw spectrum in a region that is further analyzed for
signal in Section 4. Superimposed on it is a processed version
(as described in Section 3.5) along with tickmarks that indicate
potential peptide features as determined by the methods
developed in Section 3.3.

One method for defining signal in low-resolution MS spectra
proceeds within the framework of modeling each spectrum, x,
as a sum of peptide signal, s, a low-frequency baseline, b, and
random noise, ε; that is, x(t) ) s(t) + b(t) + ε(t), where t denotes
either a time-of-flight (TOF) or mass-per-charge (m/z) index.
This model may also be combined with a warping function,
w, so that an alignment t′ ) w(t) can be estimated along with
the baseline and signal. This statistically rigorous approach can
provide valuable insight to the nature of variation in the process
of defining signal. The data we consider here, however, is
substantially less smooth, has many nonsignal peaks, and
contains additional idiosyncrasies that make this elegant model
inappropriate. In particular, a model of noninformative signal,
x(t) - s(t), would need to be more complex than just low-
frequency trend plus Gaussian noise since features arising from
a background of chemical ions are similar to those arising from
peptide-related ions. The processing of low-resolution spectra
is less sensitive to a precise definition of peptide signal since
the scales of noninformative features are at the extremes (fine-
scale high-frequency noise or wide long-term trends) with the
scale of peptide-related peaks in between. A detailed descrip-
tion of the noise characteristics for the high-resolution data
we consider is given in Section 2, but we note here that peptide
peaks may be buried within a highly regular background of ion
peaks from nonprotein sources, and the characteristics of these
background-ion peaks vary as a function of m/z. The problem
is illustrated by Figure 1 which shows that simply identifying
peaks is not sufficient for extracting peptide information.
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