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Raw LC-MS data
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Goals of pre-processing

Extract qualitative and quantitative information of possible
metabolites

— Determine the identity
— Estimate the relative abundance

Align samples to correct retention time shifts

Produce a table of possible metabolites with their
quantitative information for subsequent statistical analysis



Work flow

raw MS data) feature feature | feature
detection filtering grouping

: fegture' <« stats <€<— alignment [€— featurfz
identification annotation

* Feature: a 3D signal induced by a single ion species (e.g. [M+H]* or
[M-H]- of a compound)
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Feature detection

* Achieves suppression of noise, metabolite ID and
quantification

 Two steps
— Separation of mass traces

* Binning
* Region of interest (ROI)
— Detection of chromatographic features
* Binning
— Partition the mass-vs-RT map into bins of fixed width
— Difficult to estimate optimal bin width
Too small = split features
Too wide = possible feature merging



Binning
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Tautenhahn, R.; Bottcher, C.; Neumann, S., Highly sensitive feature 10
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Detect chromatographic peaks

 [Use wavelet transform

Scale
8 10 12

6

o
wn =
10
|

—— Chromatogram
——- QGaussian Fit

s (1)
00 02 04 06 08

-04

Intensity * 10°

2850 2900 2950 3000 3050 3100 3150

Seconds

12



Feature filtering and grouping

* Feature quality measures
— S/N
— Feature width
— Abundance
* Feature grouping
— Similarity measure: normalized dot product

13



Feature annotation

m/z = (N*compound mass+mass shift)/CS

™~

Formula N Mass shift
id mz rt isotopes adduct pc
IEE] - 1 L2 65 | 176.04 280.00 4
[M+2H]+ 1 2.014552 76 | 136.05 280.43 | [14][M+1]1+ 5
77 | 135.05 280.43 | [14][M]1+ 5
[M+3H]+ ! 3.021828 74 153.06 280.43 [M4+H]+ 152.05437 |5
[M+Na]+ 1 22.98977 75  175.04 280.43 [M+Na]+ 152.05437 | 5
73 197.02 280.76 [M+2Na-H]+ 152.05437 | 5
[M+K]+ 1 38.963708 / 78 | 37774 28615 5
[M-C,H,N]+ 1 -59.073499 79 | 732.5 286.49 6
83 488.32 286.82 [M+Na]+ 465.33205 |7
+2Na-H]+ :
[M+2Na-H] ! 4496563 82  466.34 286.82 [M+H]+ 465.33205 | 7
[2M+Na]+ 2 22.98977 . |
[M+H-NH,]+ 1 -16.01872
[2M+H]+ 2 1.007276
[M-OH]+ 1 -17.0028

» using the R package CAMERA
* http://bioconductor.org/packages/devel/bioc/

html/CAMERA .html

Ralf Tautenhahn, Christoph Bottcher and Steffen Neumann. Annotation of LC/ESI-MS Mass Signals. Bioinformatics Research and Development, Springer LNBI 4414, 2007.
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Alignment

 Goal: Correct retention time shift from run to run

Retention Time Deviation vs. Retention Time
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Smith, C. A.; Want, E. J.; O'Malille, G.; Abagyan, R.; Siuzdak, G., XCMS: processing mass spectrometry data for

metabolite profiling using nonlinear peak alignment, matching, and identification. Analytical chemistry 2006, 78 (3),
779-87.
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Alignment

* Alignment method in XCMS

Use “well-behaved” peak groups

For each well-behaved group, calculate the median retention time
and, for every sample, a deviation from that median

Within a sample, the deviation generally changes over time in a
nonlinear fashion.

Those changes are approximated using a local polynomial
regression (loess).

16
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Software tools

* Proprietary

Agilent d

AB Sciex  .wiff

Waters .raw

Bruker .d, YEP, BAF, FID
Thermo raw

* Freely available
— XCMS -- MAVEN
— MZmine -- MetAlign

MassHunter

MassLynx
Compass

Xcalibur

Mass Profiler Pro
MarkerView

MarkerLynx
Metabolic Profiler



File format conversion

* Convert files to mzXMUL using MSConvert
E5) MSRanvert FB&X

(@) Listof Files O File of file names
File: l J [B rrrrr ]
Filters
MS Level v
Levels:
-]
Filter Parameters
Output Directory:
| [B rrrrr ]
Options
Output format: Extension:
Binary encoding precision: (&) 64-bit (O 32-bit
Wite index: Use zlib compression: []
Use config file: [] Package in gzip: []
Start

http://proteowizard.sourceforge.net/
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XCMS

* Free and open source
e Written in R

Raw
LC/MS
Data
NetCDF

mzXML
mzData

Filter and
Identify Peaks

xcmsSet ()

v

\_

Match Peaks
Across Samples
group() )

v

Smith, C. A.; Want, E. J.; O'Maille, G.; Abagyan, R.; Siuzdak,
G., XCMS: processing mass spectrometry data for metabolite
profiling using nonlinear peak alignment, matching, and
identification. Analytical chemistry 2006, 78 (3), 779-87.

Tautenhahn, R.; Bottcher, C.; Neumann, S., Highly sensitive
feature detection for high resolution LC/MS. BMC
bioinformatics 2008, 9, 504.

\_

Fill in Missing |
Peak Data

\/w Retention Time

Correction
retcor()

fillPeaks ()

J

v
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Statistically
Analyze Results
difffreport()
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\_

Visualize
Important Peaks

getEIC() )




XCMS Online

https://xcmsonline.scripps.edu

Scripps Center "
For Metabolomics — Public Shares FAQ
XCMS Online
= g /da\ New to XCMS Online?
:‘:'I;S.’ i ) = iz Simple mass spectrometry data
A pcae s ' processing.
Register >

Current Users:

E-mail:

(e.g. researcher@scripps.edu)

Password:

Forgot your password?

' DOWNLOAD USER MANUAL |

Demo login (read-only) for testing:
mo Dataset that can be used for
testing

Click here to view the new Interactive Cloud Plot!

XCMS Online is a cloud-based metabolomic data processing platform that provides high-quality metabolomic analysis in a

Tautenhahn, R.; Patti, G. J.; Rinehart, D.; Siuzdak, G., XCMS Online: a web-based platform to
process untargeted metabolomic data. Analytical chemistry 2012, 84 (11), 5035-9.



XCMS Online

Workflow

Upload Data ‘

Select Parameters ‘

View/Download Results ‘

Data is compressed and encrypted on the client side and
uploaded through a secure SSL connection.

Predefined parameter sets for different instrument setups
are available and can be customized.

An email notification is sent once the job is complete.
Results can be browsed online, shared with other users, or
downloaded for import into other programs (e.g. Excel).

23



XCMS Online

Create Job View Results Stored Datasets Account Contact
Job ID: 109981 Joh Name: SHAM vs. TNT Create Date: 2012-04-06 17:14:17
Parameter (ID%) HPLC /Q-TOF (2583 Log: View Log Finish Date: 2012-04-06 17:28:03
Status: joh complete Total Aligned Features: 8514
T SHAM(ID#2831) [control]
Datasets Used: TNT(D#2830)
BROWSE RESULT TABLE
Y— — ™
a Total lon Chromatograms (original) Time vs. Time ' c Total lon Chromatograms (corrected)
SCIPSLSHAM M SCIPSLSHAM M) SCIPS_SHAM_ M
© —— SCIPSI S=AM M ~—— SCIPSI_SHAM M © —— SCIPSI SHAM M
eJd SCIPSI S=AM M = BCIPSI S=AM M eJd SCIPSI S=HAM M
8 SCIPS|_SHAM_M = ° SCIPS|_SHAM_M 2 SCIPS|_SHAM_M
SCIPS| SHAM M g SCIPS| SHAM M SCIPS| SHAM M
SCIPS| SHAM M 2 SCIPS| SHAM M SCIPSI SHAM M
8 SCIPSI_SHAM M £ a SCIPSI_SHAM M 2 SCIPSI_SHAM M
t SCIPSI_TNT Mat = ° SCIPSI_TRT_\at: 2 SCIPSI_TRT_\tax:
= SCIPSUTRT_Mak. 2 SCIPSLTRT_Mek: = SCIPSLTNT_ Mek:
=== SCIPSI TNT \W¥ -S «==+ BCIPSI INT \mf; === SCIPSI TNT ¥
,9 - -- SCIPS! TRT \Ma¥ &g a == SCIPSI TNT Atk ,‘3 - -~ SCIPSI TNT \mc;
s SCIPSL_TNT_\ : 2] SCIPS_TNT et 2 ] SCIPSLTNT_Mat.
2 - SCIPS_TNT_Mak & - SCIPS_TNT_\Mak 2 - SCIPS_TNT_Mak
H
8 7 8
& é E
g 3 ‘ g
g - - - - g - -
0 20 40 0 ) 20 40 50 ) 20 40 50
Raston Tima (minutes) Rasaton Tima (minutes) Raston Tima (minutes)
PNG PDF o PNG PDF 0 PNG PDF 0
d Misror Plot (277 featuras with pvalue = 0.001, fold change > 1.5) e Multidimensional Scaling f Principal Component Analysis {Scores)
-
. . =" T SCIPLTHT NMOKE
a Y g SR THT N2
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= - ®, e o« E- ¥
g 4 X ‘. . :' s Y * u fq" N u.u S SCIPS_TNT Nuie2 B SUPS_INT WM
2 ° I A I 3 & - . | s wace ¢
| < .g. e 0 &S|° %o e it e SHIN_WoHe STPS_TNT W *
s Se JeLe ‘e 3 IR TCAMD SHAN NetDtsd e P SCIPEL_SHIN NS IPELSUN NGO 90181 INT_ Meron
€ °4 “ g © SR SHAM A0 TET IR Aot o T o * .
| P 1 § : SIS MO wrf o BCira My
2 . o ° 3 A 2 . g
3 ® @ . -g . LI AU et
.
e ° 3 “cira mun o 5
R e .
= i 1 R S i s
A g T T I. s 5 T T = T
o o i P 00 = o 50 100 = 0 50
Fmanton jrma(mauten Dmansea 1 =C1
PNG PDF (i) PNG PDF (i) PNG PDF (i)
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XCMS Online

Home Create Job View Results Stored Datasets Account Contact

Job#102778 : SHAM vs. TNT Please click on a row to view feature details
Feature #37

£ & & Columns @ Show isotopic peaks 1« <« Page 1 of 64 »> »1 100. View 1 - 100 of 6 302 r_n/z:'525.3940
Feavl‘clxre-. .....'E".'fv fold eha:ng p-value d:n’t.z““ retemiont‘ilt‘v::“ Max:l: . SH‘.“:Q.. Tm«‘i’w isotopes o atdu‘c‘ts - r:?unn Note! b ExtF{:-::g.:gl;:.ITg I-E:‘::ia i2§:am
M365T24_1 35101128 3651374 2377 2577  14191| 50192 320 1 A
_a M151T26 3.0[114560e( 1511124 26.03 8.040| 42005 127804 [2M+2Na+K)3+ 18196 21 —
14 |M260T44 21(153363e  260.2503 44.48 1575 23331 11245 [M+2Na-HJ+ 215.3236 =
15 |M849T29 25(1.97112e  649.4621 28.99 1142]  4092] 10050/329M+  |[2M+2Na-HJ+ 302[13 g2
17 |m755Te8 48240615 7554356 67.52 377 o4 3339 2 2 g |
18 |M480T42 20333177 480.3685 42.32 545| 3024|5910 [M+NH4]+ 462.33|18 ¢ ]
19 |M405T18 433437246 405.0074 18.07 324 438 1,883 [M+K]+ 366.134 362 TR S e .}
20 |M204T20 153038336 2041417 28.04 1.244]  11150] 16728 13 o 1T 11— 1]
21 |M746Te8 344416360  746.4956 67.54 1416]  3078] 13443 [M+Na+K]2+ 143121 w0 ?e.fent;‘:ﬁoﬂ::-(smi:uzjs) o7e e
22 |m428Ts 10.8/4.50028e-(  428.3552 50.92 2260 2834 30584 76
23 |M734T70 31[512120e  733.5041 60.08 1144 3565 11473 [M+Na+NaCOOH] 392 c Spectrum
26 |M207T26 3.0(581910e 2071755 26.04 9.652| 47250 142,503|[1148]M+ |[M+Nal+ 184.19 {196 - SCIPSI_SHAM_MetOH 12 (65.91 min)
28 |M393T20 18638174 3932241 28.05 2084]  14675| 25.803|319M+  |M+Na*NaCOOH] 13 3
20 |MB23TT4 2.7(6.49237e-( 6225545 7437 450 4037 1485 [M+H-CH4J+ 637471 g
32 [M187T5 8.8[8.13620e-(  187.0770 50.92 2907 4640) 40658 [M+H]+ 186.066 |76 z< E5.2045
34 |M1269T50 7.1(8.93163e-( 1,260.4214 50.11 430 1472]  8,334|(1093]M+ 170 g 2
35 |M4TTTE_ 2.7|8.08636e-(  477.3203 50.63 1070] 5084 13874 [M+Na+NaCOOH] 84 g
37 M525T66 20 000001 5253940 6627 13284 160432 82,654 [T41]M+  [M+Nal+ 502.405 58 o "
38 |M707T7O 20| 000001 707.4880 69.74 1,725 6729 19,389 [M+Na+NaCOOH] 33 5;5 5;6 5;7 5;3 5;9
39 |M452T36 33| 000001 4523369 36.27 376]  1.222] 4,003 195 g
40 |M354T36_1 21| 0.00001| 3535067 3618 28,080 104104 402.640|[46IM+  |(+Naj+ 330500 |2 T e
41 |M289T49 22| 0.00001| 289.2519 49.18 7821 112388 245613|[923]M+  |[M+Nal+ 266.263 |95
42 |M1371Te8 3.8) 0.00001| 1,370.9600 67.57 200 2,904 783|480 |M+KI+ 1332 |20 J LI i Wetis e
43 |M225Ts2 24| 0.00001| 2252578 5151 2000] 31418] 14,636 [M+H-HCOOH]* 2,76 i 2 250 e oy bl 4352
44 |M381T43 20| 0.00002] 3812095 4347  632,018| 8.412,030/16.061 2531 1M+ |(M+Na]+ 358.311 1 s 1209)-10.25.0{M NNu s
45 |M185T36_1 14| 000002 1851204 35.98 5451 51.360] 73140 35 - el bl dadid
46 |M1024T42 3.9 000002 1.024.4198 42.44 280 3813 976 "7 ) 2327 dIn 48 S 42498
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48 |M261T13_1 16| 000002 2611114 1324 2833  14162| 22,065 174
50 |M220T43_1 14| 000002 2201488 43.28 3410] 40040] 55070 234 :
= 25 )
P & 4 Columns @ Export 1« <« Page 1 of 64 s> »1 100- View 1-100 of 6 302




Feature identification

* Current bottleneck of metabolomics
* Use three pieces of information

— molecular mass

— retention time
— MS/MS spectra

 Match with metabolites in databases

26



Feature identification

F I ow Ch ar t Search feature mass in database. Hits?
summary of ID s / N
method
Obtain MS/MS and RT for Identification requires
feature of interest. non-traditional method.
Are there MS/MS data for the putative
candidate in the database?
yes / no
Do MS/MS data
match sample?
no / \yes
No ID. Try Purchase standard
another hit. and obtain MS/MS
and RT. Match?
no / \ yes
No ID. Ti
Courtesy of ASMS 2013 short | NeID-Try D confirmed!
. another
course on metabolomics :

27



Databases

* Spectral databases

NIST

HMDB

Metlin

Fiehn GC-MS Database
BMRB

MMCD

MassBank

Golm Metabolome Database

* Compound databases

PubChem
ChEBI
ChemSpider
KEGG Glycan
LIPID MAPS

http://masspec.scripps.edu/metabo_science/metadbase.php

« Pathway databases

KEGG
MetaCyc
HumanCyc
BioCyc
Reactome

* Drug databases

DrugBank
PharmGKB
SuperTarget
Therapeutic Target DB
STITCH

http://www.hmdb.ca/databases



HMDB

* http://www.hmdb.ca

« HMDB i1s a freely available electronic database containing
detailed information about small molecule metabolite
found in the human body.

29



HMDB: metabolite statistics
Doscipton — |eam

Total Number of Metabolite Synonyms 333,434
Total Number of Non-redundant Metabolites with Spectra 1,343
Total Number of Metabolites Having Associated Proteins (Enzymes and Transporters) 22,139
Total Number of Metabolite in the Human Metabolome Library (HML) 1,027
Total Number of Metabolites with Synthesis Records 1,622
Total Number of Detected and Quantified Metabolites 5,044
Total Number of Detected and Not Quantified Metabolites 15,846
Total Number of Expected Metabolites 19,674
Total Number of Metabolites 40,564
Total Number of Endogenous Metabolites 29,331
Total Number of Food Metabolites 32,513
Total Number of Microbial Metabolites 171
Total Number of Drug Metabolites 1,921
Total Number of Plant Metabolites 149
Total Number of Toxin/Pollutant Metabolites 164

Total Number of Cosmetic Metabolites 17
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Total Number of Metabolite Synonyms 333,434
Total Number of Non-redundant Metabolites with Spectra 1,343
Total Number of Metabolites Having Associated Proteins (Enzymes and Transporters) 22,139
I Total Number of Metabolite in the Human Metabolome Library (HML) 1,027 I
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Total Number of Expected Metabolites 19,674
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HMDB: spectra statistics

Total Number Compounds with GC-EI-TOF MS/MS Spectra
Total Number Compounds with GC-MS Spectra

Total Number Compounds with LC-APPI-QQ MS/MS Spectra
Total Number Compounds with LC-ESI-IT MS/MS Spectra
Total Number Compounds with LC-ESI-ITFT MS/MS Spectra
Total Number Compounds with LC-ESI-ITTOF MS/MS Spectra
Total Number Compounds with LC-ESI-QIT MS/MS Spectra
Total Number Compounds with LC-ESI-QQ MS/MS Spectra

Total Number Compounds with LC-ESI-QTOF MS/MS Spectra

808
1,220
13
158

1,058

2177

529
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HMDB: search

Human Metabolome Database versions.s

Home Browse »

) The Humar

ity database ¢
}m found in the
metabolom

p The databa

data, 2) clir
database (\

water-soluble and lipid soluble me
abundant (> 1 uM) or relatively rar
linked to these metabolite entries.
2/3 of the information being devot

Search »
Chem Query
Text Query
Sequence Search
Advanced Search
MS Search
MS/MS Search
GC/MS Search
1D NMR Search

2D NMR Search

About » Downloads

{ ) for | Metabolites * | &

MDB) is a freely available electronic

ion about small molecule metabolites

d to be used for applications in

narker discovery and general education.
ir link three kinds of data: 1) chemical

r biology/biochemistry data. The

4 metabolite entries including both

dlites that would be regarded as either
388 protein (and DNA) sequences are
ontains more than 110 data fields with

a and the other 1/3 devoted to enzymatic

or biochemical data. Many data fields are hyperlinked to other databases (KEGG, PubChem,
MetaCyc, ChEBI, PDB, UniProt, and GenBank) and a variety of structure and pathway viewing
applets. The HMDB database supports extensive text, sequence, chemical structure and relational

Metabolomics Toolbox

Contact Us

advanced search
Tweets L 4
Wishart Lab 4h
@WishartLab
New Wishartlab blog entry on the newly
released HMDB 3.5:

wishartlab.com/blog/posts/hmd... Check
out what's new! #HMDB #metabolomics

Expand

Wishart Lab
@WishartLab

HMDB performance issue now fixed. If you
are going to hit us with 1000 hits/second
please let us know beforehand! Maybe we
can advise! #HMDB

14 Jun
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HMDB: MS search

(" search HMDB ) for [ Metabolites | Q advanced search

} ‘ MS Search MS/MS Search GC/MS Search 1D NMR Search 2D NMR Search

Mass Spectrum Search
Query Masses (Da)
Molecular Weight Tolerance + |0.1 Da
Enter one mass per line ( maximum 150 query
masses per request ) Molecular Species | Positive Mode  + |

200.1

Example | Search |




HMDB: MS search result

| Download Results As CSV |

MS search for 200.1 m/z Delta = abs( query mass - adduct mass )

Show [ 10 ¢ | entries Search: |

= —
HMDB30454 Macrophorin A M+H+K 200.100247 0.000247
HMDB31848 Butylated hydroxyanisole M+H+K 200.100247  360.23006 0.000247
HMDBO03689 Neuroprotectin D1 M+H+K 200.100247  360.23006 0.000247
HMDB04038 Resolvin DS M+H+K 200.100247  360.23006 0.000247
HMDB39510 7-Hydroxy-2',3',4'-trimethoxyisoflavan M+2ACN+2H 200.09936 316.131074 0.00064
HMDB38323 Verimol B M+2ACN+2H 200.09936  316.131074 0.00064
HMDB40534 5'-Hydroxy-3',4',7-trimethoxyflavan M+2ACN+2H 200.09936 316.131074 0.00064
HMDB38780 7-Hydroxy-2',4',5'-trimethoxyisoflavan M+2ACN+2H 200.09936  316.131074 0.00064
HMDB39607 Sorgolactone M+2ACN+2H 200.09936  316.131074 0.00064
HMDB38324 Verimol A M+2ACN+2H 200.09936  316.131074 0.00064

Showing 1 to 10 of 862 entries 4 Previous Next b



Metlin

« All data acquired on Agilent Q-TOF
» Search by MS, MS/MS, fragment,
and neutral loss

5 HOSPHOCHOUNE ACYLCARNTNE Tktinnt
Cue
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1 AARATE TS
- E
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“\-,,v'/\N pHO h

Statistics Functionality

« # Metabolites: 76,420 + Single & Batch
Precursor lon (m/z) searching
« # High Resolution MS/MS Spectra: 56,612
+ Single & Multiple
« # Metabolites w/ High Resolution MS/MS: 11,208 Fragment lon (m/z) searching

example | details... + Neutral Loss searching

« De Novo Fragment Characterization
36



Metlin search

METLIN: Metabolite Search
Simple

Simple | Advanced | Batch | Fragment | Neutral Loss | MS/MS Spectrum Match | Unknowns

Mass: 1200.1 . Tolerance (%) 01 | | Da

Charge: [Neutral M+H
Positive M+NH4
Negative M+Na
M+H-2H20
M+H-H20
M+K
M+ACN+H
M+ACN+Na
M+2Na-H
M+2H
M+3H
M+H+Na
M+2H+Na *To select multiple Adducts:
M+2Na
M+2Na+H ’
M-+Li . Hit Command + Adducts
M+CH3OH+H Select: all | none

My
M7 - Hit Ctrl + Adducts

| Find Metabolites || Reset |




Metlin search result

METLIN
Metabolites

Mass 200.1 with 0.1 Da mass accuracy

| Change Query |

Total: 77 Metabolites

werin| wAss Taopr|  wawe  wows] _ sucrune

63620 [M+H]+ 14 ||y-Glutamyl-B-aminopropiononitrile | NO
m/z Formula: CBH13N303 »
200.1030 CAS: ) A,
M N N A OH
199.0957 I\ \ﬂ/\/\”/
0 o
0
2955 [M+H]+ 21 ||D-Camphorsulfonic acid NO HO_ //
m/z Formula: C10H1604S //S
200.1043 CAS: 3144-16-9 & \'
M
199.0970
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MassBank

* http://www.massbank.jp
* Public repository of mass spectral data

* Data from different platforms
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MassBank: data sources

Last updated May 31, 2013 | Total Number of Spectra: " 39,293 new

Research Groups Prefix Analysis Equipment Nu rof | Number
(Contact Name) of ID (Analysis Method) Compounds

LC-ESI-QTOF (MS2) %2839
0O1. |IAB, Keio U c 5 26 672
(¢ Dr. Tomoyoshi Soga) KO LC-ESHQQ (MS2) 4,265
LC-ESKIT (MS2 MS3,MS4) 515
GC-EITOF (MS) 241
02. PSC. RIKEN LC-ESI-QTOF (MS,MS2) 1,371 -
PR 5
(¢ Dr. Masanori Arita) LC-ESI-QQ (MS2) 87
CE-ESI-TOF (MS) 20
i LC-ESI-Q (MS) 2,719
03. Nihon Waters KK WA 575
(¥ Dr. Katsutoshi Nagase) LC-ESIFQQ (MS2) 273
04. Grad Sch Pharm Sci, Kyoto U FAB-EBEB (MS2) 173
& Res Inst Prod l?ev ‘ CA 174
(¥ Dr. Naoshige Akimoto & EI-EBEB (MS) 12
¢ Dr. Takashi Maoka)
05. College Life Health Sci, SEm AT EE 378
Chubu U uT LC-ESKITFT (MS2,MS3) 2,121 478

(# Dr. Ryo Taguchi) LC-ESFQTOF (MS) 64



MassBank: database services
£ Database Service

5 Spectrum 5 Quick  Peak 5 Substructure § . Metabolite
Search Search Search Search Predlctlon
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Identification, again

Expected by

Target Library Analyst

Identified
by Library

Known Knowns
Expectedand found

“...there are known unknowns;
that 1s to say we know there are
some things we do not know.
But there are also unknown

Known Unknowns

Not Identified Ex
: pecteqdbubtin
unknowns — the ones we don't I by Library found 2
know we don't know.” R
ConcentratiOn
too Low, not in
Library,,__

Stein, S., Mass spectral reference libraries:
an ever-expanding resource for chemical

identification. Analytical chemistry 2012, 84
(17), 7274-82.

Unexpected

by Analyst Comprehensive

Library
Unknown Knowns
INotiexpected but
found
Unknown Unknowns
Not expected and
notfound
Recurrent
S.pectral
leraries
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Thank you!



