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A brief introduction to GCxG- TOF MS data

The comprehensive two dimensional gas chromatography time-of-flight mass spectrometry
(GCxGC-TOF MS) instrument consists of two GC and one TOF MS. As shown in the schematic
representation of GCxGC-TOF MS instrument (Figure E1), the first column and the second
column correspond to the first GC and the second GC instruments, respectively. Each GC is to
separate the injected molecules (compounds) as the sample travels through the column, and the
length of traveling time is called the retention time. The two columns separate various species of
molecules such that the fraction coming out of the columns is dominated by one species of
compound. This fraction is then injected into the TOF MS instrument and then broken into
smaller ion fragments, whose abundance and mass to charge ratio (m/z) were captured through a
“scan” by the mass spectrometer. The output of the experiment using GCxGC-TOF MS
instrument looks like Figure E2 (a). The first two columns are the first dimension and the second
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Figure E1. The schematic representation of GCxGC-TOF MS instrument.
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Figure E2. The graphical representation of constructing two dimensional TIC chromatograms. (a)
Output data from an experiment of GCxGC-TOF MS. (b) TIC in a vector form. (c) TIC in a matrix form.

dimension retention times, respectively. The rest of the columns are the observed intensities of
the ionized fragments at each m/z value. Here the intensity measure is called SIC or XIC (single
ion chromatogram), and, by marginalizing SICs with respect to m/z values, TIC (total ion
chromatogram) will be obtained. In this stage, the TIC is formed into a vector as shown in Figure
E2 (b). Then the vector TIC will be separated into several sub-vector TICs according to their
different first dimension retention times. By putting these sub-vector TICs into the two
dimensional plot, the two dimensional chromatogram will be created as depicted in Figure E2 (c).

A two dimensional chromatogram from a real GCxGC-TOF MS experiment is depicted
in Figure E3. In an ideal case, each peak represents a pure molecule (compound), which will be
identified by peak detection.

Intensity

Figure E3. An example of the two dimensional chromatogram.
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The current peak detection is performed based on the following three procedures:
denoising, baseline removal, and peak picking. The denoising and the baseline removal will be
performed in the stage of constructing either XIC (Figure E2 (a)) or TIC (Figure E2 (b)). And
then the peak picking will be performed based on either the vector-formed TIC in Figure E2 (b)
or the matrix-formed TIC in Figure E2 (c).

Derivation of Equations (3) and (4)

The true TICs of some proportion r are present (i.e., ®; # 0), while the others remain at zero
(®; = 0). For positions where the true TIC is present, we use the following model:

X;~N(O; + u,c?) and ©;~Exp(¢),
where X; is an observed TIC at the ith position, ®; is the true TIC of X; of the exponential
distribution with ¢, and u is the mean background or baseline with variance 2. In case that no
TIC is present, the background signal follows:
X;~N(u,c?).

When @; # 0, the marginal density of x; is driven by

p1(x;) = p(x;|©; # 0)

=J p(x;,0;)d6; =J p(x;10,)f(6,)d0;
0 0

= fow m/lﬁexp <_Ti_2(xi —0; — u)2>%exp (‘%) do;

o2
1 (0 x- X~ i
=_exp|=—5—— a ) - ¢ ,
2¢? ¢ o

where

1 1 .
75 €XP (—ﬁ(xi -6, — ,u)z) since X;|0; # 0 ~ N(O; + p, 02);

p(x;16;) =

o
1 0;\ -
p(6;) = 5 &XP (— E) since ©; ~ Exp(¢).

When ©; = 0, the marginal density of x; is the probability density function (pdf) of a normal
distribution with mean u and variance o2 since x;|0; = 0 ~ N (u, 62):

1

oo (- ),

1
po(x;) = p(x;|®@ =0) = -
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|
Derivation of Equation (12)

Once the significant TICs (true signals) are detected by the posterior odds, baseline correction
and denoising are performed simultaneously based on the estimated parameters. To do this, we
assume that the observed TIC is a true signal with ©; # 0. That is, the observed TIC follows the
following model:

X;i~ND(®; + u,c?) and ©;~Exp(¢),

where ND stands for a normal distribution, X; is an observed TIC at the ith position, ©; is the
true TIC of X; of the exponential distribution with ¢, and u is the mean background or baseline
with variance a2. Then the convoluted TIC %; is predicted by the expected true TIC ©; given the
observed TIC x;, i.e.,

% = E(@lx) = f 0:p(6:1x)d6;,
0

where p(0;|x;) is the conditional density of ©; given the observed TIC x;. Moreover, by Bayes’
law,

p(x;18;)p(6;)

p(6ilx;) = (%)

Since X;|0; = 0 ~ ND(6; + u,0?) and 0; ~ Exp(¢),

1 1
18 = —_ (x:—60: — )?):
p(xllel) O_m exp ( 20_2 (xl Hl :u) );

p(6,) = %exzo (— %)

Consequently,

p(6;lx;) = ﬁexp (_Tiz (e — 0 — #)2)%69629 (_ %)
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:O'\/Eexp( zaz(xi 91 .u) ¢ 2 2+ d)

1 0; xl+,u+$
P o
- — (S1)
P — U=
@ ¢

where ¢ and @ are the probability density and cumulative distribution functions of the standard
normal distribution ND (0,1), respectively

Therefore, by inserting Equation (S1),

oo

E(Oy]x) = f 0ip(6:1x)d6;
0

= JO 6, - do;. (52)

In Equation (S2), we can observe that ©; follows a truncated normal distribution TN (xi —u—

2
%, 02) within the interval ©; € (0, ). In addition, if a random variable X follows a truncated
normal distribution within the interval X € (0, c):

X~TN(m,v?),X € (0, ),
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o(3)

its expectation is E(X) = m —

v. Therefore, the expected true TIC given the observed TIC,

°(3)
E(0;]x;), becomes
0.2
w1+ %)
¢ o
0.2
E(@ilxi)zxi—<u+—>+a- N
()
@ o

In turn, the convoluted TIC, X;, is predicted based on the estimated parameters by the following
equation:

¢ G
SO P I
i =X~ = POTNNE
d) xl—<ﬁ+0—,\)
@ ¢
o

where ¢ and @ are the probability density and cumulative distribution functions of the standard
normal distribution ND (0,1), respectively.
|

PDFs of five probability models

The pdf and its parameter for Poisson, truncated Gaussian, Gaussian, Gamma, and exponentially
modified Gaussian are, respectively, as follows:

f@E=2 =/1—!t-e‘ﬂ,/1> 0; (53)
f(t|e = (wo,a,b)) = - (b %M)(x i‘;()l _ M),(, > 0; (S4)
7 5
el = o)) = =+ Bxp (~ oz = 0?) 0> 0 (55)
f(t|e =(a,p) = %t“‘le‘ﬁt,a >0,8>0; (S6)
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u+io? —t
V(2o

where ¢ and @ are the probability density and cumulative distribution functions of the standard
normal distribution ND (0,1), respectively; erfc(t) = \/Z_ﬁf:oe_xzdx.

f(tl¢ = (wo, ) =%-Exp (%(2u+/102 - 2t)>-erfc< ),0 >0,1>0 (S7)
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Figure legends

Figure S1. The flowchart of the proposed peak finding procedure for analysis of GCxGC-
TOF MS data.

Figure S2. The contour plots of GCXxGC-TOF MS data obtained from an experiment and
its convoluted total ion chromatogram (TIC) using NEB models. (a) The entire GCxGC-TOF
MS data. (b)The sub-region considered in this study which is magnified for the inlet green box in
(@). (c) is the plot of the original and convoluted TICs of the sub-region as depicted in (b). (d) is
the magnified TICs of the green box in (c).

Figure S3. The nonzero peak region indices for each cut-off value of odds. (a) When the cut-
off value is 1. (b) When the cut-off value is 10. (¢) When the cut-off value is 100. The grey line
represents the contour plot of GCxGC-MS data, and the red box represents the nonzero peak
region detected.

Figure S4. The detected nonzero peak regions and peaks before/after peak merging using
the sub-region. The plots are depicted when the cut-off value of odds is 1 ((a),(b)), 10 ((c),(d)),
and 100 ((e),(f)), respectively. The plots before merging are in (a), (c), and (e). The plots (b), (d),
and (f) are after merging.

Figure S5. The contour plots of the entire GCXxGC-MS data used for peak detection and its
convoluted total ion chromatogram (TIC) using NEB models. (a) The entire GCxXGC-MS
data with the inlet used for peak detection. (b) The magnified region of the inlet green box in (a).
(c) is the plot of the original and convoluted TICs of the entire data (b). (d) is the magnified TICs
of the green box in (c).

Figure S6. The analysis of MS similarity within the selected peak region. (a) The black solid
line with the solid circle represents the observed normalized intensities. The blue, red, and green
dotted lines indicate the MS similarities with the points around each of the three local maxima
from the left, respectively. (b) The heatmap of the correlation matrix of MS similarities among
the observed data points. The white and the dark green indicate the highest and the lowest MS
similarities, respectively.

Figure S7. The contour plots of the entire GCxGC-MS data for another replicated data set.
The entire GCxGC-MS data with the inlet used for peak detection in the upper, and the bottom
is the magnified region of the inlet green box in the upper.

Figure S8. The detected nonzero peak regions and peaks by trial-and-error optimization

before/after peak merging using another replicated data set. The plots are depicted when the
optimization is performed with MSE before peak merging (a) and after peak merging (b).
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Figure S1. The flowchart of the proposed peak finding procedure for analysis of GCxGC-
TOF MS data.
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Figure S2. The contour plots of GCxXGC-TOF MS data obtained from an experiment and
its convoluted total ion chromatogram (TIC) using NEB models. (a)The entire GCxGC-TOF
MS data. (b)The sub-region considered in this study which is magnified for the inlet green box in
(@). (c) is the plot of the original and convoluted TICs of the sub-region as depicted in (b). (d) is
the magnified TICs of the green box in (c).
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Figure S3. The nonzero peak region indices for each cut-off value of odds. (a) When the cut-
off value is 1. (b) When the cut-off value is 10. (¢) When the cut-off value is 100. The grey line
represents the contour plot of GCxGC-MS data, and the red box represents the nonzero peak
region detected.
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Figure S4. The detected nonzero peak regions and peaks before/after peak merging using the sub-region. The plots are depicted

when the cut-off value of odds is 1 ((a),(b)), 10 ((c),(d)), and 100 ((e),(f)), respectively. The plots before merging are in (a), (c), and

(e). The plots (b), (d), and (f) are after merging.
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Figure S5. The contour plots of the entire GCxGC-MS data used for peak detection and its
convoluted total ion chromatogram (TIC) using NEB models. (a) The entire GCXGC-MS
data with the inlet used for peak detection. (b) The magnified region of the inlet green box in (a).
(c) is the plot of the original and convoluted TICs of the entire data (b). (d) is the magnified TICs
of the green box in (c).
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Figure S6. The analysis of MS similarity within the selected peak region. (a) The black solid line with the solid circle represents
the observed normalized intensities. The blue, red, and green dotted lines indicate the MS similarities with the points around each of
the three local maxima from the left, respectively. (b) The heatmap of the correlation matrix of MS similarities among the observed
data points. The white and the dark green indicate the highest and the lowest MS similarities, respectively.
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Figure S7. The contour plots of the entire GCxGC-MS data for another replicated data set.
The entire GCxGC-MS data with the inlet used for peak detection in the upper, and the bottom
is the magnified region of the inlet green box in the upper.

Second dimension reteintion time {s)

Second dimension reteintion time (s)

20

1.0

05

0.0

1.2

08 08 10 1.7

Entire Chromatogram

1000 1500 2000 2500 3000
First dimension retention time (3]
Magnified Sub-chromatogram
T T T T
1000 1500 2000 2500

First dimension retention time (5)

17 |Page



T

o
= - illl.l.lﬂl.l.l.l I‘.Q-.TL‘.II =

b

TiZ
---- Peak regi

an (odds

T-MSEH1096)

-

¥

before/after peak merging using another replicated data set. The plots are depicted when the

optimization is performed with MSE before peak merging (a) and after peak merging (b).

(@)

Figure S8. The detected nonzero peak regions and peaks by trial-and-error optimization

(5) BLUN Uo[UISIE] UDISUSLLID PUOIaS

5000

5000

4000

3000

2000

First dimension retention time (s)

18| Page



(b)

n {odds

:
FPT-MSE§242)

TiC
---- Peak regi

?‘

-

(5) BLUN UOUISIE] UDISUSLLID PUOIaS

5000

5000

4000

3000

2000

First dimension retention time (s)

19| Page



