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Where to start identification?

Turning big lists into, well, smaller lists!

wcawags
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0 Removing unwanted peaks Q

o Background and noise reduction

O Target Screening

Targets, Suspects and Non-targets

Sampling g extraction (SPE) I HPLC separation ﬁ HR-MS/MS
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SCREENING

Molecular formula

O Suspect Screening . J’
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What to do with raw data?
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Peak Picking

Turning the chromatogram into our first “Big List”
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Peak Picking

Turning the chromatogram into our first “Big List”
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Peak Picking

Turning the chromatogram into our first “Big List”

O Several options for peak picking
o XCMS and centWave'
o mzMine (Martin can tell you more about this one)?
o For Thermo data: Formulator?

O Result is something like this (from Formulator output):

Centroid m/z__Intensity Peak S/ Scan NumRT min) Stant Scan Start RT (r End Scan End RT (nfHass Chrd
2101136 538%42 81168 68 449 621 439 60 465  09%

395.00676 11012 1653 68 449 638 449 645 454 0995
16102187 721 1245 1289 91 2@ 905 1290 912 099
25605439 38623 60.R2 89 613 m 543 876 618 0984
207.01198 221324 35777 778 548 723 509 918 649 09%

369.02123 8205 1276 1849 1311 1842 1306 1849 1311 0994
32812109 S155 1426 1206 BS1 1205 851 1212 BES 098
17101197 549903 92468 491 345 480 347 561 3% 099

ATI06629  3M0G2 65446 820 577 168 118 191 842 0981
18199138 2438483 420095 435 306 35 22 588 413 0993
176.05411 638750 107203 533 I 513 361 561 39 09m

5572436 97739 14282 1772 1286 752 1241 1785 1264 0993
42905251 170230 25431 1401 991 130 976 1422 1006 09

R. Tautenhahn, C. Béttcher, S. Neumann, BMC Bioinformatics 2008, 9:504; www.bioconductor.org

http://mzmine.sourceforge.net/  3http://www.eawag.ch/forschung/uct 1ermo (download &

fawag,
Making the “Big List” Smaller
Overview of the steps
O Blank/Control Subtraction
O Noise and “spark” removal
O Peak grouping

o Removing peaks but also...
o Providing information for identification efforts

I'll demonstrate this here with examples
from our data using enviMass

There are many other options!

SAWAE...
Making the “Big List” Smaller

Background / Control subtraction

0O Step 1: Upload “sample” and “blank”
o “blank” = laboratory blank, trip blank, control sample...
whatever you would like to subtract from the sample

sampie dam blank gt

SAWAE...
Making the “Big List” Smaller

enviMass workflow in one screen shot

Run scrwering in batch mooe

[14]  Filter sample peak list ~ | Done.

Rus?  Status,

151 Spark removal | Done lfe—

o} Blank subtraction ~  Done. |e—

[ Recamraton ~ o X

[®  intermai standard ~ oone X
screening

9 Targetscreening ~ | Done le—o

[10]  Target quantification ~ | Done X

1] Adduct seareh for © osne le—
targets & nt. stand.

12 Searchfornonmons. ¥ Done le—
Isotopic peaks

[13]  Adductsearchfornon.  w  Done P
targets & non-mtstand.

X

squatic

Making the “Big List” Smaller

Spark removal

O Spark = electronic/measurement artefacts

o Peaks that aren't real “peaks”
o Too short; Spark removal

o i.e. Only 1-2 “sticks”

o Too long; Romors sparts | Skip spars remaval ‘
003 remave < ART [min] (lower bound)
[& " removes RT (min) (upper bouns)
use scan number:
1862 1888
e [ ——

’_ remove > 4 scan number (upper bound)

use only lower retention time /I3
[] use only upper retention time / v |
< | o

Time (min) Humber of samples removed: 2404

SAWAE...
Making the “Big List” Smaller

Blank Subtraction

O Remove “all” substances in the blank sample
o Mass threshold
o Retention time threshold
o Intensity threshold
0 CAREFUL
o Laboratory contaminants can also be environmental contaminants!
o Itis very important to adjust the thresholds to your particular
investigation
o If in doubt — try different combinations
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Making the “Big List” Smaller Making the “Big List” Smaller
Blank Subtraction Target Screening
O Remove “all” substances in the blank sample O Screen for substances where we have

o Mass threshold o Mass and formula - and thus the isotope distribution!

Blank subtraction o Retention time - and thus we can define a RT range
O Make sure you define appropriate thresholds:
l o Mass Tolerances:
) o Retention time 2 T
£ N [X] ART listed vs. measured [min]
Run bk subdiaction i o Intensit
‘ H Y 03 ART within scan [min]
Tolerances: £l % Intensity
0 Amiz . mmu < ppm 1
000 Intensity cutoff (default=5000)
05 ART [min) -
Intensityofblank | 4 times smalier than sampie i oo welabls o ity S0ir
07 ‘Score 1: hits after rescaling to monoisotopic peak
03 Score 2 score 1 + tolerance in intensity
Humber of samples remaved: 1788 [[@ Score 3 score Zafter sublraction of biind candifates
SAWAE... SAWAE...
Making the “Big List” Smaller Making the “Big List” Smaller
Target Screening Target Screening (examples from ESI-)
—
m_| compound name |__ chomicai formula Won, mass
“““ — St po S A8 B eaned -posns 24/Bromaxynil CTH3B2N101 2748581 85
Ta scomeieg i ot i 87| loseynil CTH3ZN101 370.8304 97
99/ SUM Alachlor-ESA / Acetochlor-ESA (103) C14H21IN10551 3151140 78
100 Alachior-OXA i 2651314 11
" [ 102/ SUM Acstochlor-OXA / Alachlor-OXA (100) C14H1N104 2651314 17
e i i 103 Acstocnior £84 Cuarzniiosst 315 1140 18
P——— £ :

; 275.84584,273 85009,277 84679 276.8522,274. 85424 278,85015,279.8535 1,0.513993.0.48638,0.07571,0,038914,0.036824,0.00 1195
(57 anTomted ve. measured el N —— 369.82315,370.6265, 371 62986 1,0.07571,0 002457
e i 314.10679,315,11015,316.10259,317.10594 1.0.15142.0 044742,0.006775
[ wwwn e 264 12416.265, 12751, 266. 13087, 267 13176 1,0.15142,0 010645, 001245
| - 264.12416,265.12751,266.13087,267.13176 1,0.15142.0 010645,0.001245
[ sty cote 5208 I . 314.10679,315 11015 346.10259,317 10504 1.0.15142,0 044742,0 006775
i -+
Scoes e e smmary sccee B o
[(67 " scomt;nms ana escating o memsstcpc ook

[F7 scomzacare 1+ arance m sty
[0 scom 3 acom 2amr sebracion of b cambsies

SAWAE... SAWAE...
Making the “Big List” Smaller Targets, Suspects and Non-targets

Target Screening (examples from ESI-)

275.84864,213.85089,277.84679.276 8522,274.85424 276.85016.219. 8535 1.0.619993,0.486380,0.07571.0.038914.0.036824.0,001195 Sampling extraction (SPE) HPLC separation HR-MS/MS J
369 82315 370.8265, 371 62986 1,0.07571,0.002457

314.10679 315.11016,316.10259,317. 10584 11016142 0.044742.0 006775 =

264 12416 265 12751 266.13087 267 13176 1,0.15142.0.010645,0.001245

264, 12416 265.12751 266.13087 267. 13176 110.16142.0 010645.0.001245 T T )
314.10679,315.1015,316.10259.317.105%4 1.0.15142.0.044742.0.006775

delta miz (ppm) el s score 1
Ho monoisatopc hit found: no isotopic pattem f conducted
Ho moneisatogsc hit found: no isotopic pattern ft conducted

337 067 [

Mot used for screening!

Ho monciotoic it fund. o sotoic pat  contucted
Net used for screening!

Mo mondisotopsc hit found: Ao isotopic patterm M conducted

Mo monaisotopic hit found: ne isotopic pattem fit conducted .

No mondisctsac it und.no isotapc patem  conducted Targets found by MS screening

Mo monoisstopic hit found: na isotopic pattem ft conducted

o monofetgh e und. o st palem H contucted

N mencaio b o et o should still be confirmed with
5205 233 oomaiaaes 00z 00z or001s RT and MS/MS information!
N

Mot used for screening!
Hio moncisatopic hit found: na isotopic pattem &t conducted
6082/ 8053 0.167/-051486  0.31/0.31 0/-0.07:
Hio moncisatopic hit found: na isotopic pattem ft conducted
Ho moncisotopic hit found: no isotopic pattem it conducted
016 o

9223

No monoisotopic und: na isctopic pattem fit conducted.
found: no isotopic pattern ft conducted [

Ho moncisotopic
B637 /8579 /8661 / 8603 01475/ 0.7120244/ 044/ 0,44/ 0/ 0.012/ 0.043/ 0.0

¥ v
Confirmation and quantification with reference standards ]
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Making the “Big List” Smaller Noise Removal and Target Search: enviMass
Results Following Target Screening (examples from ESI-) Average over 10 samples; Recursive Base Peak Frame Picking
enviMass 1.2: http://www.eawag.ch/ft hung/uchem/soft /
15000 7
100% iti
miz mexsitive mode
12000 4 o
30% 900
T .,E 1%
= score: 1] 38 9000 A
[os i
6000 - 69%
3000
25
0 4 - ) min
positive negative
SAWAE... SAWAE...
Making the “Big List” Smaller Targets, Suspects and Non-targets
Suspect Screening — “known suspects” .
o ) e | | e |
Sampling extraction (SPE) HPLC separation HR-MS/MS
O Screen for substances where we have = | [

o Mass and formula - and thus the isotope distribution! T !
0O BUT, we don’t have the retention time any more

SUSPECT

0 Thus: SCREENING
o Same limits on mass
o Same limits on intensity el Suspects found by MS screening
O Large retention time window d* li hecki 5 d
o E.g. enter suspects with SRTERARIES need “reality-checking” an
RT = 12.5 min S confirmation with RT and
ART = 12.5 min S MS/MS information!
(for a 25 min program)
Score weights for summary score: v v
57 Score : s aMer rescaiing to moncisatepic peok [ Candidate selection (retention time, MS/MS, calculated properties) ]
[os | Score2score1+iskerance in intensity l, l, 1,
i BEUYTACHDE MWEIUACHOR o DT Condiomn). [ Confirmation and quantification with reference standards ]

Making the “Big List” Smaller Targets, Suspects and Non-targets

Suspect Mass Screening — “unknown suspects” -
| 2
Sampling extraction (SPE) HPLC separation HR-MS/MS
O Screen for substances where we have

- i
o Mass and formula - and thus the isotope distribution! l !
0O BUT, we don’t have the retention time any more
SUSPECT
O NOR do we have a structure anymore — but proceed as for suspects
O Thus: I

P [ (S G 3
o Same limits on mass | e i

ARTisted vs. measured [min]

o Same limits on intensity Suspects masses identified

ART within scan [mia]

O Large retention time wmd?w - s nansity in samples need to go through
o E.g. enter suspects with full t ¢/ K o
RT = 12.5 min [sece  nensity cutof (detaut=5000) artu n_on- a_rge ! unknown generation)
ART = 12.5 min identification!
(for a 25 min program) T S N ¥ N N v N
[o7  Scoret:nisanerrescaiing to monoisotopic peak [ Candidate selection (retention time, MS/MS, calculated properties) ]
[os Score 2 score 1 + olerance n intensity l, ‘1’ 1‘
[0 | Scors3:ecors2 afier sebiracton of bied Casdcass [ Confirmation and quantification with reference standards ]
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“Related” Suspect Screening “Related” Suspect Screening
Example: Surfactants — Linear Alkylbenzene Sulfonates (LAS) Mass, MS, MSMS, RT, Intensity?
o
ol i
HyC Ry URCH, e O m¢° Ho. 5 m/° Nonylphenyl-ethoxy sulfonates (NPEO-SO,s) OJE\/ ’"\Z\_OH
OH o OH O Great peak shape, insufficient signal for MSMS, 34S peak
_ _— 1 CoH
aHig
LAS 0=s=0 SPAC o=s=0 SPADC o=5=0 3
OH OH OH &
l i
2
£z
nfHa ° oH P2 ?
HyC HyC. OH > OH i
n 5 n > © n
o
0=s=0 o=$=0 o=s=0 z’ . ; . .
DATS OH STAC OH STADC OH 150 200 250 300
RT (sec)
SAWAE... SAWAE...
“Related” Suspect Screening “Related” Suspect Screening
Mass, MS, MSMS, RT, Intensity? Mass, MS, MSMS, RT, Intensity? 0
| CHy HyC OH
H,C.
Dialkyl tetralin-sulfonates (DATS) : Carboxly-Dialkyl tetralin-sulfonates (STACs) "
O High intensity, 34S peak and distinctive MSMS (SO5, CgH;SO;) 0O High intensity, matching masses # “correct” o=2=0
0=s=0 =$=
J oH B | OH
J i & |\” |
f\ i J| |
.8 N e N \
% b [\ % 8 \ H
§° | §81 |||
E A [\ ED ||
© \ | W
¢ \ W
o /N gl )
4 \ S |
. 2N g WV
2 | - e o 4
3 T T T T T T T T T T T T
© a0 900 1000 1100 1200 1300 400 500 600 700 800 900
RT (sec) RT (sec)

Detecting “wanted” peaks
Isotopes, Adducts

0O Adduct information

o Provides confidence that the correct “M” mass is used
O Isotope information

o Provides information about elements present

o Intensity comparison => number of elements

esitioidivz] Intensity RT min) 10 Type Centroid mz Intensity RT (min) 1D__Ty Centroid mz Inten:
45[12C-13C with no. atoms: 16 29815462 1981630 10.15] 240 325-345 with no. atoms. 1 299.1476 ami

314673 | 8354165 2001 | 56[12C-13C with no. atoms: 18 3121705 1605916 20.06| 313 325-34Swithno. atoms: 1 | 31316318 365
20507917 | 6803878 713 | 118|12C-13C with no. atoms. 12 28608245 894253 7.13| 418 325-34S with no. stoms: 1 28707519 273
20513635 | 6570826 1601 | 83[12CA3C withno. atoms: 16 29613342 1185178 16.01| 419 325345 with no. atoms: 1 271321 272
27106365 | 6318572 623 | 145[12C13C with no. atoms: 11 27206703 776222 6.23 447 32S-MSwithno. stoms: 1 | 27305975 254,
29908477 | 6313705 807 | 110[12C13C with no_atoms: 14 30009734 929268 807 444 325-34Swithno atoms 1 _| 30109075 256
15897818 | 5465260 074 | 159[ECE 7

2014129 | 5403416 797 | 214 12C13Cwithno atoms: 10 20211627 556798 7.97]

21303204 | 5331605 1026 | 51[TECFITCTwith no. atoms: i} T8 T2C-19C with no. atoms: 10| 21403542 555!
31311041 | 5159494 951 | 117[12C13C with no_atoms: 16 31411371 834350 951 485 32534Swithno atoms: 1 | 31510638 231
25704806 | 5030401 523 | 213[12C13C with no. atoms: 10 256.05129 559062 523 569 32S-MSwithno. atoms: 1 | 25904399 197

30916161 | 4650541 176 | 134[12C-13Cwthno atoms 16 31015483 09966 176| 566 325345 with no. atoms: 1 | 31114755 148
199.0431 | 4542238 603 | 268 603] 554 325-MSwithoo aloms. 1 | 20103893 203
23276295 | 4213266 104 | 20 35CI37CIwithno atoms: 2 234.76027 2983098 1.04

Do your own reality checks before you jump into a non-target identification!

Detecting Isotopes and Adducts

R-Package “nontarget” (M. Loos et al., in prep.)

Non-target “peaks” => Components
0O Isotopes: 13C, 15N 180 345 37C),

348 in 1 sample, negative (avg. 123 detects)

squatic

o Adducts: H*, Na*,K*, NH,* (pos)
Fa-H- Cl K-2H (neg) =
o Charge: z=1,2and3
8000 158 °
7000 0 oo g
6000 A g
798 1125 i
5000 3
4000 mlso & Add
3000 wAddOnly ©
2000 Iso Only
1000 =Cmpts 3
0
Positive Negative

mz
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Practice Session

Background Removal, Target & Suspect Screening

Peak Grouping — R-package “nontarget”’

- e — e
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Methods - Grouping
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M. Loos et al. in prep.

eaw
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Results - Grouping

Homologous Series Detection
R-Package “nontarget” (M. Loos et al., in prep.)

e

. 8

Search for consistent mass &

differences across sample a cH,
p Al g I

0 mzy; = [6,60] & o w2 }

0 797 homologous series on average for positive <=

0 184 homologous series on average for negative ;.

[

o Mass differences 14.02 (CH,), 44.03 (C,H,O) and ::
58.04 (CH,+C,H,0) very common i

0 5 10 15 20 25 30

Retention time




