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(33.9 Null) | (34.5Null) | (31.8 Null) | (33.7 Null)

2-Propanol 107 #12/414 #37/5.1 N/A NA
Nitromethane 1.52 #9/243 #8/422 #5/23.6 NA
Cycloheptane 244 #10/68.2 #22/1.712 NA NA
Pyridine 318 #6/1093 #5/131 NA NA

Cyclooctene 412 #5/1842 #6/103 #13/156 #2193
Cyclohexanone 5.65 #4/1982 #3/331 #2/922 NA
1-Octanol 712 #3/3683 #4/191 #9/156 NA
Dodecane 7.52 #2/3761 #2/449 #3/80.0 N/A

Nitrobenzene 9.4 #1/7836 #1/4173 #1/545.0 #1/36.7
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Abstract

The ability to discover minute differences betwesamples or sample classes for gas
chromatography coupled to mass spectrometry (GC-kE) be a challenging endeavor,
especially when those differences are mopriori. Fisher ratio (F-ratio) analysis is an apt
technique to probe the differences between GC-M@&nshtograms. F-ratio analysis is a
supervised, non-targeted discovery-based methot dbmpares two different samples (or
sample classes) to reduce the GC-MS dataset ihiid lsst composed of class distinguishing
compounds. Three different F-ratio techniques, pabke, tile, and pixel-based were used to
“discover” nine non-native analytes that were sgiketo gasoline at four different nominal
concentrations of 250, 85, 25, 5 parts-per-millippm). For the tile and pixel-based F-ratio
calculations, a novel methodology is introducedinmprove the sensitivity of the F-ratio
calculations while reducing false positives. Fumthere, we use a combinatorial technique using
null class comparisons, termed null distributiomlgsis, to determine a statistical F-ratio cutoff
for analysis of the hit lists. The pixel-based aigon was the most sensitive method and was
able to “discover” all nine spiked analytes at aim@l concentration of 250 ppm albeit with one
false positive interspersed towards the bottormhefhit list. The pixel-based software was also
able to “discover” more of the spiked analyteshs lower concentrations with seven of the
spiked analytes “discovered” at 85 ppm, four of $péked analytes “discovered” at 25 ppm, and

one analyte “discovered” at 5 ppm.

Keywords: Gas chromatography; Mass spectrometryMEC Fisher ratio; ANOVA



Introduction

Gas chromatography (GC) coupled with mass speetryn{MS) continues to be the
mainstay instrumental choice for analysis of compsamples containing volatile or semi-
volatile species [1-8]. Indeed, GC-MS is a powetadl for uncovering meaningful chemical
differences between samples (or sample classesyeV, important chemical information is
often buried in the background of less importanéroital signal and noise (i.e. background
matrix). Large datasets or long chromatographidyaea can overload the analysts, making it a
time consuming process to comb through the dafiadaneaningful chemical information.

Analytically, there are two approaches that candes to investigate datasets: targeted or
non-targeted analysis [3,9-11]. Targeted analystesnpt to verify previous results in which
chemical species have been previously identifient. tergeted analyses, the known chemical
species can be tracked using a well-defined metbodoutine analysis, and the results can be
easily analyzed via automated, concentrated chemnemenethods. Non-targeted analyses
attempts to discover chemical features of intewdsth are not knowra priori. Non-targeted
approaches can be either supervised or unsupervishdre supervision refers to prior
classification of samples as they relate to expemia design [12-14]. Examples of
unsupervised methods include principal componeatyars (PCA) [1,4,5,15] and hierarchical
clustering [16,17], and examples of supervised pughnclude partial least squares discriminant
analysis (PLS-DA) [18,18,19], linear discriminamiadysis (LDA) [2], and Fisher ratio (F-ratio)
analysis [20,21].

Specifically for GC-MS, non-targeted analyses gpactlly performed in three different
manners: peak table-based [1,7,16,17], pixel-b4$8®2,23], or region-based [24]. Each of
these techniques mentioned has advantages andtigbot@rawbacks. For peak table-based

approaches, peak deconvolution, integration, arghmlent of peak-tables are required which



can all be automated, but peak table-based appreanhy fail for complicated samples or when
the chemical species are severely overlapped Pi%¢l-based and region-based techniques use
the raw chromatographic data output from the imsémnt in order to “discover” differences
between samples. Pixel-based analysis comparesy €86-MS data point in the two-
dimensional space. Chromatographic misalignment leag to false positives and reduce the
ability to find true differences in samples. Howevier one-dimensional chromatography (i.e.
GC-FID, GC-MS, LC-MS, etc.), there exist numerousetmods for alignment of
chromatographic data [2,23,24,26—-28]. While carsé@léction of parameters for alignment must
be chosen in order to avoid distortion of chromedpbic peaks, these methods are
straightforward and some can even be automated R&jion-based techniques first bin (i.e.
sum a specified amount of chromatographic poingethan the peak widths and retention time
shifting), also known as tiling, before comparimg treduced chromatographic data. However,
using a single bin size may cause peaks to beisfiitwo separate bins. If any misalignment is
present, it is possible that the peak may be urlggsialit into separate bins. Recent work by
Sudolet al showed that various bin sizes for GCxGC can aftadsification of diesel fuels by
PCA [30]. To overcome the issue of peaks splitttgpovec and co-workers have introduced a
novel binning scheme [14,31-33].

After the chromatographic data have been prepayegitber peak table, pixel, or tiling,
supervised (or unsupervised) methods may be apipliecter to elucidate chemical information.
F-ratio is a suitable method to discover classks< differences between samples as it
prioritizes statistical significance over absolsignal. The F-ratio is defined as the class-tosclas
variation of the detected signal divided by the safnthe within-class variations of the signal.

The class-to-class variation is calculated as



1)
wheren; is the number of measurements in iteclass, is the mean of théh class, is the

overall mean, and k is the number of classes. Titienaclass variation is calculated as

2)
where is theith measurement of thth class and\ is the total number of samples. The F-

ratio is then calculated as the ratio betweenwleviariances
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After the F-ratio value is calculated, the “hitgircbe organized into a hit list with the higher F-
ratio value indicating a more class distinguishamglyte. In order to avoid “mining” the entire
hit list for class-distinguishing compounds andaimid false positives, a threshold should be
applied [32,33]. By rearranging the sample clasespbetween-class variation can be removed
and it is possible to estimate the effects of n@anmngful variation in the dataset.

Herein, we compare peak table, tile, and pixekdason-targeted F-ratio analysis for
GC-MS data. Gasoline was spiked with nine non-eatinalytes at four different concentrations.
Gasoline was selected for this study because Wwigge a complex background, while the
analytes were chosen to provide a challenging fasdiscovery. The peak table approach uses
the software native to the GC-MS instrumentatioéoonvolute and integrate peaks, while the
pixel and tiling-based approach uses novel in-howséten software to calculate F-ratios
followed by redundant hit removal. Combinatoriallrdistribution analysis for each hit list is

applied, providing a statistical threshold for #realyst [33,34].
Experimental

Chemicals



Gasoline (~ 1 liter) was obtained from a locallifuge station (Los Alamos, NM, USA). 2-
propanol (LCMS grade) was obtained from Honeywgl|R-dichlorobenzene (ACS grade),
pyridine (ACS grade) and dichloromethane (ACS gradkre obtained from Fisher Scientific. 1-
octanol (99%), cyclooctene (95%), dodecane (99%)lobeptane, nitrobenzene (99%),
nitromethane (99%), and cyclohexanone (99.8%) wbtained from Acros.

Sample Preparation

Nine non-native analytes were spiked at the falhgwnominal concentrations into
gasoline: 250, 85, 25, 5, and 0 parts-per-millignbass (ppm). An internal standard 1,2-
dichlorobenzene was spiked at a concentration drgs-per-thousand (ppt) into each gasoline
sample. The actual concentration of each compoumraeh spike level is provided in Table 1.
The actual concentration of each spiked analytesésl as much as possible in this work, but for
clarity and simplicity, we use the nominal spikencentrations when referring to particular
concentration comparisons.

Instrumental Conditions

One microliter of each sample was injected by a kidPAL (Trajan Scientific and
Medical, Austin, TX, USA) at a split of 20:1 intm @gilent 7890A GC (Agilent Technologies,
Palo Alto, CA, USA) coupled to a Leco Pegasus Hécf, St. Joseph, MI, USA) equipped with
a 20 m x 0.18 mm i.d. x 0.18 um d.f. Rxi-17Sil MSeétek, Bellefonte, PA, USA). Prior to
injection, dichloromethane was used as a solverderi Ultra-high purity helium (Grade 5,
99.999%, Airgas, El Paso, TX, USA) was used asctrger gas at a constant flow rate of 0.8
mL/min. The oven was held at 40 °C for 1.5 min aachped at 10 °C/min to 135 °C. The inlet
temperature and transfer line temperature were°258nd ion source temperature was 225 °C.

An ionization voltage of 70 eV was implemented apéctra were collected at 10 Hz at a mass



range of 35-350 m/z. A 10 second solvent delay wgdemented and the detector voltage was
set at 1600 V. Six injection replicates were ol#difor each sample in a randomized sequence
in order to prevent instrumental bias.

Data Analysis

F-ratio values were calculated for the 250 pprmOvgpm, 85 ppm vs. 0 ppm, 25 ppm vs.
0 ppm, and 5 ppm vs. 0 ppm for the peak table |{iiased, and tiled-based approaches. Figure 1
provides the data analysis workflow for the caltaola of the F-ratios for the three different
approaches.

Peak tables were compiled using the instrumentveoé (Leco ChromaTOF v4.30) with
the following parameters: baseline correction usingoffset value of 0.5, smoothing using the
“auto” option, and peak finding with a signal toise (S/N) threshold of 10. The peak width was
set to 4 seconds based on visual inspection ofsdweral randomly selected peaks in the
chromatogram. The calculated peak tables were wgaas ASCIl CSV format and then
imported into Matlab 2019a (Mathworks, Inc., NafidldA, USA) using the “readmatrix”
function. The peak tables were aligned and themmabzed to the internal standard 1,2-
dichlorobenzenen/z 148). It is important to note that not all peaklésbwere equal in length
(i.e. some peak tables had less analytes “discd¥)eré a peak was found in one chromatogram
but not in another it was still included in thegaled peak table, but for chromatograms where it
was not “discovered,” the peak area was set to. Zdére F-ratio was calculated for every peak in
the table, and combinatorial null distribution wesiculated in order to provide a statistical
threshold for evaluation of the F-ratio hit listorFefforts herein, an analyte was only

“discovered” if it was above the null thresholddrder to quantify the chemical sensitivity for



each method. However for “real world” samples, aalgst may want to “mine” the F-ratio
hitlist in order to not miss any readily discovetage positives.

For the pixel and tile-based F-ratio calculatiath& chromatographic data was exported
from ChromaTOF as a ASCII CSV file and was imporieid Matlab using the “readmatrix”
function. The chromatograms were baseline corregsug in-house software, smoothed using
the Savitzky-Golay function native to Matlab, ahér normalized to the internal standard 1,2-
dichlorobenzenenfz 148). For the tile-based F-ratio calculations, tieomatograms were
binned by 60 data points using a novel grid schéased on work done by Synovec and
coworkers albeit only two grids were used (insteffibur) [31]. A tile size of 60 data points was
selected after manual inspection of the chromatogitenplementation of a larger tile size will
reduce misalignment but may result in the dilutwdrthe true chemical signal, while as a smaller
tile size will boost the sensitivity of the F-ratmalysis but may increase the likelihood of false
positives from misalignment. Figure 2A and 2B shawgraphical representation of the novel
tiling scheme for nitromethaneyz 61). A S/N threshold of 10 was applied and thetsavere
calculated at each tile for eaohiz. Figure 2C and 2D show the calculated F-ratio ¢gpeé
where an F-ratio spectrum is the F-ratios as atiomof m/z. The average F-ratio for each tile
and grid scheme was calculated by taking the aeefagtio of the top tenvz F-ratios with the
requirement that there be at leastnZ present in the tile above the S/N threshold. tfla
contained at least BVz ratiosabove the threshold but fewer than i, then average F-ratio
was calculated using thos#zs (e.qg. if there were only ®/zs above the S/N threshold, then the
average F-ratio was calculated with thosen@s). Because of the novel tiling scheme, it is
possible to have redundant hits if a peak was §pid two bins (as seen in Fig. 2B). The

redundant hits were removed by using a “pinning aldstering” method which is



comprehensively described by Parsasiral [32]. Briefly, the average chromatogram of each
sample class is calculated using non-tiled chrogratas. For each tile and grid scheme, the
location of the maximum signal difference for tbe E-ratiom/z is located (i.e. pinned location).
Next, the redundant hits are removed from theisitif the pinned locations are within a user-
specified chromatographic distance termed the elusindow. A cluster window of 40 data
points (4 s) was implemented herein. Finally, aidieal threshold was obtained using a
combinatorial null distribution.

The calculation for the pixel-based approach fod#dwa similar scheme. No alignment
software was implemented as it was deemed tha¢ tivas minimal chromatographic shifting
(Fig. S1 in Supplementary Data). A S/N of 10 wapligd and the F-ratios were calculated at
eachm/z for every retention timdg. The average F-ratio was calculated in an idehtrezthod
as the tile-based approach. An in-house writterk dealing algorithm was applied to the
average F-ratio values in which the “peak” had ® 4 least 3 data points wide to be
“discovered.” Redundant hits were removed usingnala “pinning and clustering” method.
Figure 3A and 3B show the calculation of the Faativerage F-ratio and application of the
peak-finding algorithm to average F-ratios. Finaley F-ratio threshold was determined via
combinatorial null distribution.

Results and Discussion

The GC-MS total ion chromatogram (TIC) for the @a®e with nine spiked analytes at a
nominal concentration of 250 ppm is shown in Figd#e It is impossible to find the nine spiked
analytes as each is buried in the background mafrgasoline. Figure 4B shows a zoom-in of
the TIC where 2-propanol and nitromethane elutesing) a selectiven/z for nitromethane as

shown in Figure 4C, it is possible to “extract’raoinethane from the background matrix in order



to “discover” and quantify it. Only throughpriori knowledge could the analyst locate all nine
spiked analytes using specifi/z and inspecting the known elution times. At a conicion
level of 255.7 ppm, the most intens¥z of nitromethanenvz 61, is at a S/N of ~1000, well
above the limit of detection, but is at an intensit 1.5% of the most intense/z at thetg of
nitromethane. Figure 4D shows the mass spectruthedk of nitromethane compared to the
library spectrum of nitromethane. It is estimatbdttnitromethane is overlapped by ~3 other
compounds. As discussed below, the F-ratio analysesuccessful at “discovering” these
analytes at a nominal concentration of 250 ppm iteedpeing severely overlapped and at
relatively low concentrations compared to the baokgd matrix. However, at lower
concentrations, the three different F-ratio analygpproaches begin to fail at “discovering” the
nine spiked analytes thus allowing for us to qusirtie ability of each approach (peak table, tile,
and pixel) to successfully discover class distisging compounds.

A summary of the peak table-based approach isigedvn Table 2 withg, hit number,
and average F-ratio value for the four differenbaantrations. The F-Ratio null threshold at a
0.2% false discovery rate with a 95% confidenceslles noted for each of the four different
comparisons. Figure S2 (Supplementary Data) shbevsdlculation of the null threshold for the
250 ppm concentration. Two analytes, 2-propanol eyadoheptane were not “discovered” in
any of the comparisons. 2-propanol and cycloheptamee severely overlapped by the
background matrix making it difficult for the Lecspftware to deconvolute the peaks and
calculate peak areas [25]. Multivariate curve neoh — alternating least squares (MCR-ALS), a
deconvolution technique normally applied to GC-M&8adbegins to fail at a resolutioRs) of
~0.3. Thus if severe overlap is present, the catedl peak areas may be incorrect or a peak at a

significantly lower concentration (compared to dapped peaks) may not be “discovered.”



Several spiked analytes such as pyridine and cgtdoe at a nominal concentration of 250 ppm
were found but there F-ratios are significantly owelthe null threshold thus were not
“discovered.” Nevertheless, the peak table-bas@doagh was moderately successful at finding
the spiked analytes.

The results for the tile-based approach are suraethin Table 3 withg, hit number,
average F-ratio value, and F-Ratio null thresholdttie four different concentrations. Figure S3
(Supplementary Data) shows the calculation of thiethreshold for the 250 ppm concentration.
The tile-based approach was noticeably more suttess finding the nine spiked analytes
compared to the peak table-based approach. Thisss likely due to the fact that the tile-based
(and pixel-based) approach does not require angrndetution to “discover” differences in the
two different classes (spiked and non-spiked). &wlas there are at least 3 selective (as
required by the F-ratio software), it is possilddind minute differences in the chromatograms.
Similar to the peak-table based approach, seveali@s were found such as 2-propanol at a
nominal concentration of 250 ppm, and cycloheptn@ nominal concentration of 85 ppm, but
their calculated F-ratios are significantly beldwve thull threshold. Of the nine spiked analytes, 8
were found at 250 ppm, 6 were found at 85 ppm, &2vi@ind at 25 ppm, and none were found
at 5 ppm. Interspersed in the 250, 85 and 253i# vere several redundant hits for pyridine (not
shown for brevity). Similar to the peak-table basggbroach, several spiked analytes such as
cyclohexanone and 1-octanol at a nominal conceotraf 25 ppm were found but there F-ratios
were significantly below the null threshold thusrevaot “discovered.” Pyridine severely tails on
this column and thus is “discovered” across numeriles. While the clustering step of the
software removes some of the redundant hits, har@alremoved. This could be mitigated in this

specific case by increasing the cluster windowesithe analytes are evenly spread out across the



chromatogram. However, for a real-world study, @sing the cluster window size might
remove genuine hits. It is important to draw aitantto the fact that no false hits were
interspersed in the hit list above the null thrégho
The pixel-based approach is summarized in Tabletl tw; hit number, average F-ratio

value, and F-Ratio null threshold noted for the rfalifferent concentrations. Figure S4
(Supplementary Data) shows the calculation of thiethreshold for the 250 ppm concentration.
The pixel-based approach was the most successfdisabvering” the 9 spiked analytes. 9 of
the spiked analytes were “discovered” at 250 ppmveie found at 85 ppm, 3 were found at 25
ppm, and 1 was found at 5 ppm. We theorize thattdghnique is the most sensitive to small
differences because it does not require deconwulutke the peak table-based approach and
does not simplify the data like the tile-based apph. There are parallels between tiling the data
and collecting the data at a slower sampling fateeaks are undersampled due to too slow of
collection frequency, the resolution between oymyéal analytes may suffer. The pixel-based
approach resulted in the highest calculated F-ralaes. Moreover, the pixel-based approach
was able to “discover” analytes at much lower cotregions compared to the peak table and
tile-based approaches. Similar to the tile-basqutageh, there were several redundant hits for
pyridine (not shown for brevity). However, thereravéwo false hits (Hit #11 for the 250 ppm
comparison and Hit #4 for the 25 ppm comparisoa) ¥ere interspersed in the hit list above the
null threshold. Figure S5 (Supplementary Data) shtive F-ratio spectrum and an AIC for the
25 vs 0 ppm at the location of the hit (it®. This is an unavoidable outcome for pixel-based F
ratio analysis due to misalignment of data (whiah easily be overcome) or random covariance

of detector noise. The number of false positives t& reduced by introducing several



thresholds/requirements into the F-ratio calcutetisuch as a S/N threshold and numbervaf

above the S/N threshold.
Conclusion

The ability to discover minute differences betw&&@-MS chromatograms is a major
challenge for non-targeted discovery-based analyse®in, we have investigated the use of F-
ratio analysis to “discover” nine non-native ane$ytthat were spiked into gasoline at four
different concentrations. We compared three diffel@pproaches, peak table, tile, and pixel-
based to uncover the minute differences betweemwtbeclasses (spiked and non-spiked). Two
novel F-ratio algorithms (tile and pixel-based) &veleveloped to address the issues that may
arise from using a peak-table based approach. Fahrae approaches, combinatorial null
distributions were calculated to provide a statadtiF-ratio threshold in order to prevent the
analyst from excessively analyzing a number of hibrfeatures. The pixel-based approach
yielded the highest F-ratio values and was the nsesisitive (i.e. “discovered” the most
analytes) to minute differences between the twesels. However, the pixel-based analysis did
have two false positives interspersed within theists.
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Figure Captions

Figure 1. Data analysis workflow for the calculation of thisler ratios for the peak table, tile,

and pixel based approaches.



Figure 2. The novel tiling scheme developed for the tile-blalSeatio approach is shown for
nitromethane.A) Tiling scheme 1 is shownBJ Tiling scheme 2 is shownC} F-ratio spectrum
for the highlighted portion oA is shown. The top tem/z were used to calculate the average F-
ratio of 123. D) F-ratio spectrum for the highlighted portionBfs shown. The top tem/z were
used to calculate the average F-ratio of 88.7. Oubke tiling scheme there are three “hits” for
nitromethane. The redundant hit removal omits Weelower “hits” and only keeps the

maximum F-ratio value.

Figure 3. The calculation of the F-ratio for the pixel-basecatio approach is shown for
nitromethane.A) The F-ratio is shown for atlVzs. B) The top temvVzs fromA were used to
calculate the average F-ratio. The in-house wripiesik finding algorithm was then used to find

the maximum average F-ratio.

Figure4. (A) Total ion current (TIC) of the gasoline sample gpikvith nine non-native
analytes at a nominal concentration of 250 p@Bh A zoom-in ofA where 2-propanol and
nitromethane eluteQ) The most intensevz, n/z 61, of nitromethane is showrD) Mass
spectrum from the retention timi) of nitromethane (black) is plotted against thedry
spectrum of nitromethane (red). Timz 61 is at a relative intensity of ~1.5% compareth®

most intensen/z, 79.



Tablel

Nominal Spike Amount (ppm)

Name 250 85 25 5
2-Propanol 257.2 87.9 26.2 5.8
Pyridine 256.8 87.7 26.1 5.8
1-Octanol 251.2 85.8 25.6 5.6
Cyclooctene 255.2 87.2 26.0 57
Dodecane 249.9 85.4 254 5.6
Cycloheptane 248.5 84.9 25.3 5.6
Nitrobenzene 254.9 87.1 25.9 5.7
Nitromethane 255.7 87.4 26.0 5.7
Cyclohexanone 250.8 85.7 25.5 5.6

Table 1. The actual concentrations are shown in ppm for each nominal spike concentration for
the nine non-native analytes. The nominal concentrations are used occasionally in the text for

brevity and clarity.



Table?2

Name t. (Min) 250vsO0 85vs0 25vsO0 5vs0
(24.7 Null) | (45.6 Null) | (56.6 Null) | (50.6 Null)
2-Propanol 1.07 N/A N/A N/A N/A
Nitromethane 1.52 #3604 #2198 #17/5.0 N/A
Cycloheptane 244 N/A N/A N/A N/A
Pyridine 3.18 #51/25 N/A N/A N/A
Cyclooctene 4.12 #2713.8 #400/0.07 #206/ 1.0 #246/ 1.0
Cyclohexanone 5.65 #1/2704 #719.9 N/A N/A
1-Octanol 7.12 #14/6.9 #180/1.1 #235/0.6 #116/3.6
Dodecane 7.52 #5/53.0 #13/6.5 N/A N/A
Nitrobenzene 9.14 #2 /2318 #1/1848 #1744 #1/384

Table 2. Summary of the hit lists for the peak table-based approach for calculation of the F-

ratios. The spiked analytes are sorted by their retention time, tg, The null threshold for each

comparison was used to determine the statistical threshold for evaluating the hit lists.




Table3

Name t. (Min) 250vsO0 85vs0 25vs0 5vs0
(20.5 Null) | (20.6 Null) | (18.0 Null) | (20.7 Null)

2-Propanol 1.07 #32/6.6 N/A N/A N/A

Nitromethane 1.52 #10/ 123 #9/12.3 #52/4.1 #1717.6
Cycloheptane 244 #11/41.2 #2714.2 #170/1.3 N/A
Pyridine 3.18 #41522.5 #3192.3 #8/8.4 N/A

Cyclooctene 4,12 #2 11292 #5172.0 #6/9.2 #1/11.4
Cyclohexanone 5.65 #7 ] 346 #4177.1 #3/14.3 N/A
1-Octanol 7.12 #5/ 395 #6/ 66.2 #4/10.3 N/A
Dodecane 7.52 #3/951 #2152 #2217 N/A

Nitrobenzene 9.14 #1/2021 #1/443 #1/36.4 #39/49

Table 3. Summary of the hit lists for the tile-based approach for calculation of the F-ratios. The

spiked analytes are sorted by their tg. The null threshold for each comparison was used to

determine the statistical threshold for evaluating the hit lists. No false positives were found

above the statistical threshold, but pyridine was found as a redundant hit severa times dueto a

non-Gaussian peak shape.




Table4

Name t_ (Min) 250vsO0 85vsO0 25vsO0 5vsO0
(33.9Null) | (34.5Null) | (31.8 Null) | (33.7 Null)

2-Propanol 1.07 #12/41.4 #37/5.1 N/A N/A
Nitromethane 1.52 #9 /243 #8/42.2 #5/23.6 N/A
Cycloheptane 2.44 #10/68.2 #22/7.72 N/A N/A
Pyridine 3.18 #6 /1093 #5 /131 N/A N/A

Cyclooctene 4.12 #5/1842 #6 /103 #13/15.6 #2 19.3
Cyclohexanone 5.65 #4 /1982 #3 /331 #2192.2 N/A
1-Octanol 7.12 #3 / 3683 #4 /191 #9/15.6 N/A
Dodecane 7.52 #2 /3761 #2 /449 #3/80.0 N/A

Nitrobenzene 9.14 #1 /7836 #1/4173 #1/545.0 #1/36.7

Table 4. Summary of the hit lists for the pixel-based apptofor calculation of the F-ratios. The

spiked analytes are sorted by thgiThe null threshold for each comparison was used to

determine the statistical threshold for evaluatheghit lists. Several redundant hits (pyridine)

and two false positives were found without thdikts. The pixel-based method was the most

sensitive approach for “discovering” the nine spkalytes.




Figurel

Prepocessing for Pixel and Tile-
Based F-Ratio

Data exported from ChromaTOF as a

csv file into MatLab

Baseline correction, smoothed, and

normalized to internal standard

Data Collection
« Collection of chromatographic
data (6 replicates)

\ 4
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Peak Table

* Processing done with ChromaTOF

» Baseline correction, peak finding,
deconvolution, peak area

» Exported as csv and imported to MatLab

» Peak areas are normalized to internal
standard

» F-Ratio values calculated

* Null Distribution

Tile-Based F-Ratio
Chromatograms are tiled
S/N Filter
F-ratios
Average F-ratio

Pixel-Based F-Ratio

» SIN Filter
* F-ratios
* Average F-ratio

¥ @

Redundant Hit Removal
Identify tzs and m/zs corresponding to
maximum F-ratio
Remove redundant hits

»

Null Distribution
* Combinatorialrearrangement
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=

Output
» Hitlist ranked by F-ratio value
» Locations of F-ratio values
+ F-ratio spectra
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Highlights

» Fisher ratio (F-ratio) analysisis used to discover class distinguishing compounds
» Threedifferent F-ratio approaches: peak table, tile, and pixel-based are assessed
* Novel methodology for the tile and pixel-based approaches are introduced

* Null distribution analysis used to determine a statistical F-ratio cutoff

* The pixel-based F-ratio methodology was the most sensitive F-ratio technique
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