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« instrumental metadata parser R-package

* TOFsPRO signal processing toolbox
(matlabcentral/fileexchange/24469)

< WMBAT Bayesian analysis toolbox
(matlabcentral/fileexchange/24345)

TOF SPECTRA AND METADATA PARSER

Automated data parser loads multiple
Ultraflex 11l spectra (binary files) from
clinical study and associated meta-data
(mapped from 8 instrumental parameter
files) into R-structures (tofList and
tofListMetaData) prepared for further
signal processing and statistical analysis.

"tofList* - R-variable:
structure( list( c( “intensity1”, “intensity2”, ...) ))
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OVERVIEW TOFsSPRO TOOLBOX: SIGNAL PROCESSING
Purpose:
computational tools for enhanced sensitivity and 4 o
specificity of diagnostic molecular ions from optimization w/QC (IDS) o
MALDI-TOF MS of clinical samples : Output data is a matrix of
Methods: \ integrated TOF peak
L y L R . —> intensities at aligned peak
« optimized acquisition and correlation analysis [1,2] (MFS) locations across all samples
« enhanced signal processing [3,4] *
. Bayéesialn variable selection [5,6] input spectra output data matrix
esults: (BSM)

Optimization of parameters and
options is performed for the average
QC spectrum in a few iterations to
maximize peak detection sensitivity
and minimize errors

ALGORITHM FUNCTIONALITY AND OPTIONS

Example: 11.7 kDa
eak (serum amyloid

Baseline models (BSM)[1,4]: charge A P )

accumulation, exponential, Gaussian, ;

linear, or moving average of local original spectrum
after BSM

minima (also pedestal)

IDS [1]: constant or/and quadratic in TOF to

achieve constant peak-width and integrated
after BSM intensities (SNR enhancement ~ (Rate)*?)
IDS/OLF MFS [4] (based on peak shape model)

ectrum vector: spectrum <- tofList[[spectrumld]]; optimal linear (OLF), moving average,
To update a spectrum vector: tofList[ spectrumld ] <- list(spectrum ); o matched, nonlinear (includes appropriate

“toListMetaData” — R-variable

structure( list( "<sampleName>_<replicateNumber>" =
¢("1020110589", "Positive", ..., "5500"),...),
row.names = ¢( "acquisitioninfo.arrayBarcod .
"instrumentSpecificSettings.timeZero" ), clas ata.frame™ )

To access a value: tofListMetaData[ spectrumN: , "instrument.name”

To set a value: tofListMetaData[ spectrumName, "instrument.name" ] <- "Test";

PS(56) & QC(88): PEAK CORRELATION ORIGIN

Myo+1 Between-peak correlation for 56 replicates of
protein standard (PS) mixture with log-scale
average spectrum overlayed:
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Maximum between-peak correlation
dependence on SNR for 88
replicates of pooled serum (QC)
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Strong (remote-m/z) correlations, 1 !
R > 0.8, are observed between |
ionization states [2,4]: R(Z,Z+1)>R(Z,Z+2) :
R e
Strong (close-m/z) correlations, R > |
0.8, likely result from adducts, neutral 1
losses and protein modifications/forms |

noise threshold estimate)

Peak detection [1]: trivial with SNR
threshold in respect to local minima
Peak alignment [1,3]: to average
(local maxima within half-width)

original spectrum
processed spectrum
["5"d8tected peaks
x aligned (backfilled)

CLINICAL MS: TOFSPRO ANALYSIS
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Results of TOFsPRO automated signal processing for
broad-mass (2-200 kDa) spectra of leukemia and normal
samples (390 spectra [5]). Spectra are on log-scale and
normalized to total ion. Processed spectra and peaks
provide integrated intensities with above 10-fold SNR
enhancement. More than a third of total number of peaks
was detected beyond the standard mass range (> 15 kDa)

Bayesian network (BN)
encodes high mutual
information (MI > random)
between variables and

WMBAT TOOLBOX: BN/MI VARIABLE SELECTION LOW-MASS ENRICHMENT
work in progress
3 QC(C3) + SA, linear mode
50K filtrate
Error rate distribution from
randomized training sub-
populations provides a better A
prediction of performance
(reproducibility) for new data unfiltered
Diagnostically significant features
are selected by frequency of their
connection to the class during
multiple trials with subpopulations
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ALGORITHM FUNCTIONALITY AND LAYERS

Scatter Plot

50K Amicon-4 ultrafiltration of QC sera exponentially
enhanced 4-10 kDa MALDI sensitivity (as required for
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MIGCC)= (nformation entropy decrease LogSaimensty origin of between-peak correlation
(XC)= between variabe, X, and cass, TOFsPRO m-toolbox and R-libraries
- P(x,ci) log P(x)+og P(c)-log P(x,} 2" layer BN links to diagnostic masses WMBAT m-toolbox and caBIG submission
Baydan probabiliy (P) tables, used to from 0”‘?’ Vsr‘ib'es Wllth h‘ghbM‘(Xn; X,C) leukemia-390 low and high mass processing
" account for high correlations between i H P
estimate MI(X,C) and establish 1* layer BN variables due to charge states or !3N variable selection for leukemia-390
links with the class [6], naturally account for modifications: encode biochemical info. improved sample prep (4-10 kDa

uncertainties in observed broad, model-free enhancement)

data distributions: ensure robust class
prediction for new data.

Ongoing research:

CLINICAL MS: WMBAT ANALYSIS correlation statistics & normalization

o

Heat map for leukemia adjacency matrix [5]
showing the number of occurrences for
links between variables (10-fold cross
validation, 100 random permutations)
Training group error rate = 11.7% +/- 2.7%.

Strength

« Lockbox data errors within predicted confidence
« Strongest 1* level features are not lost due to correlation
« Second level features have biochemical implications

TOF/TOF and LC-MALDI ID strategies
ITOFsPRO and rWMBAT R-packages
extension to MS imaging data
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BN representation (link frequencies > 50%)

Diagnostic high m/z features detected on the 1st

layer. The 2nd layer includes the peaks with REFERENCES
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