Creating peak tables
from GC-MS data

Rasmus Bro, University of Copenhagen, Denmark
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(Comp] Thi NN Thi NN
Pyridine, 2-ethenyl- Oxazole tourea, WN="" 4 3 Butanediamine tourea, 1,1
dimethyl- dimethyl-
Samples

Time ARG-BNS1 14537.68 15004.91 724.1559 55245.34 2339.035
ARG-DDA1 10928.24 18660.14 4266.916 69260.46 7127.093

[ \/_4\‘ N ARG-FFL1 17169.24 232405 790.8323 74449.28 2014.114
‘99) ARG-FLM1 11476.84 20224 716.1224 87980.61 2088.36

r/_q"\ <, ARG-ICR1 16027.01 21736.32 18744.36 78769.53 26130.93

N :I_\ S ARG-SAL1 7377.091 24200.11 11756.38 81672.69 16879.96
— f, B AUS-CAV1 12412.66 14577.94 1695.526 75978.83 3884.537
& 115315774889 69 AUS-EAGT 15684.45 24415.18 0 116384.9 208.576
76 475872 62 48 359 AUS-HAR1 7010.431 20726.64 0 96737.83 1861.137

479 4 21 12 870 684 0 AUS-IB41 12200.63 21896.72 2312.168 97213 4686.197

5‘5‘409;‘7689 ;‘39477 997392 AUS-KIL1 565.6317 10579.45 18156.02 70915.36 25742.15

—L 20750 0578439 AUS-KIR1 2929.144 15214.05 32191.06 92669 45012.6
_H 25 79 29 5729 79 7 93 AUS-NUG1 6255.24 30922.8 19791.65 115512 207427

21 357 9 35 179 357 AUS-SOCT 14024.34 18639.6 31046.44 84807.11 41654.19

— 3;55 4;17 35395 3537 499 gi AUS-TGH1 9288.885 20323.24 0 69295 1072.47

ST S ivge. AUS-VAF1 5553.512 17021.14 26073.45 85262.24 36196.02
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Identification

3.72 374 376 378 3.8 3.82 384 386 3.88 39

rt

The ‘traditional approach’

al lon Chromatogram

16
/' \
" /' \\
J/ \\
12 // \\\
/’ \\
10 4 \
/ \
/ \
8 / N\
N
8- A AN
A
B
(] ol / 1
z 3.85
\L

Subtract mass spectra and search:

3-Methyl-2-butanone
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Quantification

372 374 376 378 38 382 384 386 388 39
rt

The ‘traditional approach’

Total lon Chromatogram

Draw integration line
Calculate peak area
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" Draw integration line
Calculate peak area

The ‘traditional approach’
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But what if the peaks are a
ittle more complex?
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A
PARAFAC2

Harshman, R. A. (1972). PARAFAC2: Mathematical and
technical notes. UCLA Working Papers in Phonetics, 22, 30-44.
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PARAFAC2 with two components
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How to do it 1: Select intervals

Don’t worry — it is not that critical
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Peak Area (a.u.)

Devision of chromatographic data into RT intervals

(1) 3] 4]
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Metabolite identification

96 Samples

How to do it 2:
Fit PARAFAC2 in
each interval
and identify the
chemical
components
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ow to do it 3: Use mass spectra to identify

<& NIST ~lident, B InLib = 950, 100 [alle]=]
B File Search View Tools Options Window Help - & X
WEE « ?
@|%» | | 2| [1. Benzene. nitro- (9) :]@ 7,-_,]@1 & |®I
Ih_-"Oom 12 (A) Cocai ~ Name Benzene, ntro- ()
¥y Corkene ' 19 Coesios 1 Fomula: CgH5NO2
f MW: N/A ID#: 6 DB: Text File
i CgHsNO2 Comment: From instrument
: 10largest
C21Hz805 : C17H21NO4 51 779991 515871 123423| 502481 30158
t 651291 391001 93 85| 74 72| 38 65
H Synoryms:
H v} no synonyms.
\_Names ?\ Structures / Spec List
ainiib; 2378 total spectra
[] 20 40 60 8 100 120 140
(Text File) Benzene, nitro- (3)
Plot/Text of Search Spectrum Piot of Search Spectrum PiovText of Spec List
1
1604
1 2 1216 24 303437 42 46 5155 8 72 890 95 104 126
1 | 53 123
1000 900 800 700 600 400~ 300 | 4q0]
#_ | b Match | RMatch | Prob. (%) | Name A 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
1 M 931 932 979  Benz.. & Benzene. niro- (9] T Tilerence MF=041 RMF=532 ~ Benzene, niro-
2 M 621 622 057  Benz.. Difference A_Head to Tal ), Sie by Soe ), Subtiacton 931 932R 57.9P
3 M 552 560 014 26P. e ——
ame: zene. - ~
1p & & 5 g N 7 BT
&3] ’ wcn MW 123 CAS#: 98-95-3 NIST#: 227768 |D&: 1280 DB: mainiib
g M 543 610 010 Cab. Other DBs: Fine, TSCA. RTECS, EPA. HODOC, NIH. EINECS, IRDB
7 M 525 525 005  Benz.. 0 Contributor: Japan AIST/NIMC Database- Spectrum MS-NW-5436
& m o8 s o0 24, Il w!'a‘sss ?%ﬂ*a 51431] 50131] 6511
A 7 5 431] S 5118
@ M 20 S 0oe  dbas ofJ 123 31081 30 711 78 661 39 521 74 46
0 M 517 556 003 Nicef.. 504 Wcdbd
gl M 516 530 003 Benz.. 31 1.Essence of Mibane
12 M 510 589 002  Sufo. %%‘:encendi
1 il ane o
IMm 509 625 002  Benz i 2
H M 508 514 002 34P. 65 % 5N'm“"°‘m,
B o = [ ome U E o o Y ROt
1B M 495 502 001  Dize... £3 7.0il of Myrbane
7 M 494 585 001 Awb.. 0 20 40 60 80 100 120 140 | RNimhanean b
10 o nn o v |} imainiib) Benzene. nitro- < >
"\ Hames _ ib = 960, Hit List PlotText of Hit A_Pitof Hi ]
" b Seach | OtherSearch |  Nemes | Compae |  Lbrmien |
Ident [ident
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How to do it 4: Make peak table

File Edit Transform View FigBrowser

Info Data Plot Row Labels | Column Labels |

Label Set 1 >

1: BRA
2. BR.2
3:CA1
4:CA2
5:CA3
6: DE.1
7:DE.2
8 EU1
9:EU.2
10: EU.3
11: EU4
12: FB.1
13.FB.2
14: FB.3
15: FO.1
16: FO.2
17: FU.1
18: FU.2
19: HB.1
20: HB.2
21 HL4
22:HL.7
23:H.8
24: HL9
25: HIL.10
26: HI.13
27: JAA1
28:JA2

29; KR.1

~ Beer Sample...

1: Ethylacetate
7.5961571e+08

| 7.6252091e+08

1.0576947e+09
1.051996e+09

1.0278748e+09
1.0525303e+09

| 1.2978792e+09

1.1069234e+09

1.1659407e+09

| 1.0449123e+09

1.112918e+09

9.8910734e+08

| 1.0262077e+09
| 1.0220532e+09

8.5450441e+08

9.6885104e+08

| 1.0089355e+09

1.0983342e+09

| 7.292056e+08

6.7687583e+08
1.0513647e+09
1.1105261e+09
1.0357279e+09

| 1.0826754e+09

1.1380725e+09

1.3584484e+09

| 1.1674513e+09

8.4272529%e+08

| 9.4208219e+08

2: Ethanol
41393129
28659911
33483838
36670850
96647909
53632202
46254285
45146774
20184890
2.3932967e+08
2.1928651e+08
4.2996183e+08
4.4422959e+08
4.6739437e+08
24062258
10576361
4.302324e+08
4.120951e+08
18512413
38296666
35807140
58784921
19498403
28855505
94420465
26094894
43722274
32747089
18480222

3: Ethy 4 id, et... 5: isobuty
17902681 37568396 27017320
27683927 1.073743e+08 81947111
32461276 73689514 45219636
23284563 46895827 77923900
45277493 44013683 34695044
47613151 1.059843e+08 48190103
66235674 90251136 42743930
28800999 74840253 66039075
27885482 80407334 71403759
37114051 95704743 53410764
44327512 84528779 62132751
28900611 89368452 89661847
41100911 1.75884150+08 96386756
40504422 1.8752781e408 79501078
58930442 58412255 81071244
26914535 57919276 50610603
40874578 141447248408 56622318
31108485 1.4026276e+08 79792925
92866284 68935462 1.2538492e+08
43028962 38971009 71832146
19116411 65591409 68537900
51892761 81622287 67445642
17351190 57924942 61732584
17873584 58939662 73254702
16318172 89260927 56525071
30514192 78480582 88738497
39899883 1.0380964e+08 69354570
63537401 131397386408 47754696
27316805 69914569 34052283

10l 8: 1-butanol 3-meth..
5.3985400e+08
7.0724089e+08
1.1907209e+09
1.1342623e+09
1.1634978e+09
1.1621429e+09
1.4240906e+09
1.0523956e+08
1.1041941e+09
1.3086851e+09
1.049772e+09
1.5782691e+09
1.6972058e+09
1.9316177e+09
1.5999178e+08
3.649403e+08
1.3384891e+09
1.5239737e+09
21649058
1.1469062e+08
1.7751781e+09
1.9495565e+09
1.4776179e+09
1.4954376e+09
1.5881895e+09
1.4457027e+09
1.7622099e+09
6.9636803e+08

1.0067676e+09

7: Myrcene
2811695.7
8040094.3
18046390
3110083.2
2818270.4
1662815.3
11822171
1696614.1
2165266.1
1540020.5
1408825.1
774399.14
271312.32
465541.48
3563329.6
268966.49
1794446.4
1341524 .8
58869916
24077124
873919.82
2150585.2
331916.25
812806.29
1278046.2
2849069.4
1112214.4
541527.29

1345485.1

8: Iso amylalcohol
1.2094407e+09
1.2214659%e+09
1.0858745e+09
1.489822e+09
1.2098891e+09
1.4810101e+09
1.3728263e+09
1.7475233e+09
1.9329068e+09
1.7368e+09
1.6643148e+09
1.6515615e+09
1.8981702e+09
2.0558383e+09
1.5649239e+09
1.3867549e+09
1.6706078e+09
1.56380575e+09
1.8814001e+09
2.0679402e+09
1.4576126e+09
2.0408539e+09
1.5419158e+09
1.5753531e+09
1.2068533e+09
1.7220419e+09
1.4039243e+09
2.2289966e+09

1.3537962e+09

9: Etyl Caproate
1.437568e+08
3.5925737e+08
1.9190012e+08
1.6581216e+08
1.3822257e+08
2.9515687e+08
2.4437158e+08
29582716e+08
3.1322591e+08
3.6812392e+08
2.0859253e+08
2.7175456e+08
3.5244115e+08
4.4367049e+08
2.2100563e+08
2.5318616e+08
3.8742713e+08
3.5770928e+08
3.1825371e+08
1.9368067e+08
2.3590077e+08
2.3829981e+08
2.5820037e+08
2639788e+08
4.009337e+08
3.3298972e+08
2.7280185e+08
3.2954727e+08

4.9214685e+08
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All handled in the software PARADISe

& PARADISe v6.0.1
Welcome
Data

|
a
5

‘Signals.

Editor x10%

Analysis

Nr |Sample ]
Sample1_190708.CDF -
Sample1_180709.CDF I
Sample1_190710.CDF
Sample1_190816.CDF
Sample1_190820.CDF
Sample1_190821.CDF -
Sample1_180822.CDF

time (min)
T

[x4 y36835886]

Sample1_191112.CDF
Sample1_191129.CDF
Sample1_181205.CDF 3
Sample2_190709.CDF

2| Sample2_190816.CDF -

Clovlo|an|slw| |-

o
o

-
=

-~

Intervals

N |Start End

1 16.3860
2 16.7107
3 17.8587

16.4866
16.8844
18.0248

T

A

10

A

25

o

L

T e i e L

Chromatogram Type

EIC Mass(es)

TIC v [ Show Intervals

[[]stack Samples  [v]Enable Interval-Edit

[Legend

Data Alignment (Auto)

(3]
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Traditional

57 aroma

compounds

N 72
44 Wine Samples
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Traditional PARADISe

57 aroma 120 aroma compounds

compounds
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Cabernet Sauvignon
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Cabernet Sauvignon



Cabernet Sauvignon



Cabernet Sauvignon
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Cabernet Sauvignon
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Automating further
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Which features are chemical?

%10 Raw data

Component 1

3000t
2000 t

1000 ¢

10.55 10.6 10.65 10.7

Component 3
6000

2000 E
10.55 10.6 10.65 10.7

15000

10000

Component 2

5000

0
10.55 10.6 10.65 10.7

% 10* Component 4
QL VAT WL

< - Y oy - ‘4‘\:.“/4)‘;‘_‘
NROLX " N

S Do TS
AKX DAL

4

~ ~
- - =
-

10.55 10.6 10.65 10.7
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What we still have to do select

Component 1 Component 2

3000 | 15000 -
2000 10000 |
- 1000 5000 -
Baseline : :
1055 10.6 10.65 107 1055 10.6 10.65 10.7

Cutoff
Peak
Other




.’ UNIVERSITY OF COPENHAGEN

How to assess a peak?

L v

(g N O
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Input Conv 1 Conv 2

46
Stride=1 RelU RelU
MaxPool MaxPool
Conv9 FC 1
Class
180
Conv. 3-8 Mo —
, 3 ' . Peak
........ 3.\l( u——’:it‘\f\_ | ea
_ AR\ —> Cutoff peak
e N
32 &~ ~ > Baseline
RelU RelU softmax
MaxPool

Neural net with 42 hidden layers
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Profiles can now be individually qualified

Other 1 Other 2

18.35 18.4 18.45 18.5 18.55 18.35 18.4 18.45 18.5 18.55

rt
Other 3
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Other

Other 1

Peak {
T

BaSEIine TR

rt
Other 3

18.5

5‘4',,’3’ R SO\

Other 2

18.4 18.45 18.5 18.55

rt
x10* Compound 4
el . . ]
18.35 18.4 18.45 18.5 18.55
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| Well-known problem
1 2- and 3-methylbutanal

3.35 3.4 3.45 3.5 3.55 3.6 3.65
Time [min]

Example apple wine
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x10° TIC

3.35 3.4 3.45 35 3.55 3.6 3.65
Time [min]

257

1.5+

0.5+

257

1.5¢

0.5+

x10%3

Feature 1

3.4

x10%

3.5 3.6
Time [min]

Feature 4

3.4

3.5 3.6
Time [min]

25¢

1.5¢

0.5+

25¢

1.5+

0.5+

%1013 Feature 2
3.4 3.5 3.6
Time [min]
x1012 Feature 5
3.4 3.5 3.6
Time [min]

25¢

1.5+

0.5}

x10%3 Feature 3
3.4 3.5 3.6
Time [min]
%1013 Feature 6

3.4 3.5 3.6
Time [min]

Scaled by concentration
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%10° TIC

3.35 3.4 3.45 35 3.55 3.6 3.65
Time [min]

1 Feature 2
50 % 10 ‘ ,

3.4 3.5 3.6
Time [min]
o «10%2 Feature 5
6 L
41
2
0 ‘ ‘ . ) ‘ ‘ .
3.4 3.5 3.6 3.4 3.5 3.6
Time [min] Time [min]

Non-scaled

<10 Feature 3

3.4 3.5 3.6
Time [min]

<10+ Feature 6
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o %1010 Ethyl acetate 2%—(gzt;iméi‘ayloxy)-3-methyI-Butane [946] . w102 methyl-2-Propanol [887]
15 + 1 3t
10 2L
5t 1
0 0
3.35 3.4 3.45 35 3.55 36 3.65 3.4 35 3.6 3.4 3.5 3.6
Time [min] Time [min] Time [min]
o «10%22-methyl-Butanal [910] «10133-methyl-Butanal [914]
3 L
6 2.5
4t 2y
15}
2
1 L
0 05}
0 -2 0
3.4 3.5 3.6 3.4 3.5 3.6 3.4 3.5 3.6
Time [min] Time [min] Time [min]

Non-scaled
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3.35 3.4 3.45 35 3.55 3.6 3.65
Time [min]

25}

15+t

05t

Ethyl acetate

3.4 3.5 3.6
Time [min]
Baseline

3.4 3.5 3.6
Time [min]

1-(ethenyloxy)-3-methyl-Butane [946]

2.5

1.5

0.5

2.5

1.5

0.5

3.4

2-methyl-Butanal [910]

3.5
Time [min]

3.6

34

3.5
Time [min]

3.6

2.5

1.5

0.5

2.5

1.5

0.5

2-methyl-2-Propanol [887]

3.4 3.5 3.6
Time [min]

3-methyl-Butanal [914]

3.4 3.5 3.6
Time [min]

Scaled by concentration



We can handle In our department we have gone

e retention time shifts from spending three man-year
. Dbaseline variation per year on GC-MS to 0.1!!

 Detter estimated spectra (idenfication)

* severe co-elution

 no LOD

* speed up analysis

* improve robustness (less user-influence)
* thousands of samples

What we can do now
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Ev} ;::ms”audev(Communitygdition) = & i
e = ]| B R R e e E S
e _ |
o 1 Cutting down runtime from 40 to 10
e Minutes using ‘super-resolution’
L Asta Haagensen
ol

Al t
10 15 20 25 30 35 40 45

i

And more ....




= PARADISE v6.1.7dev (Community Edition) - o X

Welcome

Data .
# Edior Sl «10” - - : time ({n[n) - [x19 y58317289] — O
N = ¥l
W Analysis Nr |Name |
0 settings 2|coz.cor |
Ej Logbook 3| cos.coF | (5 7 [x1y19931225]
A 4|cos.cor ‘ I
A 5|C11.CDF r
d 6|C14.CDF - ol
7|ci17.cor L
4 8| cz0.corF | | m
9|C23.CDF
10|C24.CDF 3 —_
11|C25.CDF
Intervals B
21— !
N |Start
. ol =
! I I L
19.3 19.35 19.4 19.65
|
2 — . *
View Data As TIC ¥ Show Intervals [] stack Samples Enable Interval-Edit Data Alignment (Auto)
EIC Mass(es) [: [[]Datatip [JLegend Auto eak Table ]
Upgrade o
Professional Edition krogath

ykLL e | HI

35

40

45

e == v e o T T . T L s e

And more ....




= PARADISe v6.1.7dev (Community Edition) - (m] X

Welcome
Data m
= Editor Samplelet | 107 time (min) [x19 y58317289] — (i)
Analysis &Nl IN:mn | ‘ | f ! } ! ] .
Apply

N [x1 y19931225
T

= Handling saturation
| Beatriz Quintanilla

> ™ m o =

mn

& PARADISE v6.1.7dev (Community - o X
Welcome [
Data m
Editor Sampie Hist *10° Retention time (min) [x19 y10902208]
Analysis Nr | Name | L ! ! | '_
Apply 1|co1.cDF -
Settings, 2|coz.coF
toguach 3|cos.coF
4|co8.cDF
5|c11.cOF
6|c14.cOF
7|ci7.coF 10l ,
C20.CDF
9|cz3.coF
10| C24.CDF
11|c25.cOF
[¥] show Intervals O =
_N I DPa@P o 7D7 77"““.'@7
N |start n
Upgrade to
Professional Edition
Stay updaled at www kromath.com
19.6
View Data As [ﬁ V] Show Intervals [ ] Stack Samples  [v] Enable Interval-Edit [m]
EIC Mass(es) :’ [[] Datatip [JLegend Aut e Peak Table

Upgrade to

Professional Edition kromath
n m Stay undated at www.kromath.com i

' |
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& PARADISe v6.1.7de

Welcome
Data
Editor
Analysis
Apply
Setlings
Logbook

Upgrade to

@

Sample List

|

INr I Nama

- High
_Julius Jessen Ter

10 v

11| c25.coF

%10’
I

7

Retention time (min)

[x19 y58317289)

| E1C Mass(es)
L

| View Data As

N

[]patati

+ et

Prafessional Edition |

W

& PARAL

‘Welcome

Data
Edito
Anal,
Appl!

Bis

Setlings

Logbt

jok

res;olution MS

e .

(

[x1 y19931225]

@

Sample List
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