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Agenda Agilent

Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . Irusted Answers

Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de

Alimentos, Materiales, Procesos...

Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un

largo camino para ayudar al investigador.. :

o

O

Datos segtin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS

Deconvolucion de datos y herramientas de visualizacion. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.

¢Necesito andlisis recursivo a través de iteracion? Por favor hdgamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.

Mass Profiler professional. Andlisis Diferencial a través de Interpretaciones, Clustering, PCA, PLRS, modelos de prediccion

Asi, ¢ Cuales son mis compuestos diferenciales de interés? ¢ Como puedo identificarlos? Librerias empiricas de espectros MS/MS. Agilent METLIN PCDL.
Andlisis de rutas Metabdlicas a través de “Pathways Analysis”. Biologia integrada e interpretacion biolégica de mis datos.Pathways Analysis.

¢Cudl es mi proximo experimento? La potencia del enfoque de la Biologia integrada.

Movilidad Iénica. Una nueva dimension para extraccion de datos mds selectiva en muestras complejas. Una nueva herramienta de identificacion

Fluxémica. Facil y rapida visualizacion de la incorporacion de sustratos marcados isotopicamente en una ruta metabdlica a través de “VistaFlux”.

Meétodo llave en mano para el andlisis Metaboldmico dirigido en rutina de los metabolitos del Ciclo Central de Carbono

Sinergias con la medida In-vivo del Metabolismo celular con “Seahorse”.
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Technical features and Analytical Approaches with LC High resolution Mass

Spectrometry.

From 54th ASMS
Conference on Mass
Spectrometry
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

HRMS is absolutely differential MS technology. It allows for :

« Untarget Screening

« Target Screening

« Confirm Suspect compounds
« Sensitive Full Scan analysis
 Structural elucidation
 ldentify Unknown Compounds A

« -Omics disciplines (Metabolomis, Proteomics, ..... )

» Profiling of samples

\T“
k
- Materials studies — .‘ Dﬂl‘!‘\% J
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

To work with HRMS is more than an instrument

Resolution, Accurate Mass, Isotopic
Hardware Fidelity, Speed, Sensitivity, Dynamic
Range....

Prli))%teass Acquisition Modes and
Algor Data Processing
Algorithms fit for purpose

Comprehensive ID Libraries with Exact
Mass & MS/MS Spectra... “CCS”

SW tools to identify
Unknowns by
Structure

"

Workflows to fast and easy
performance
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

Agilent HRMS is based on Time Of Flight technology (TOF)

TOF is just an stop watch measuring time ions take to arrive
to detector once they have been shot up at PULSER.

Lighter ions arrive before and the heaviest, later.

Reflectron optics provides larger flight path increasing
resolution.

Time of flight is calibrated with known compounds (Tuning
Mix) so time of ions contrasts with a calibration curve of t <-
>m / z. This allows to know m/z with High accuracy.

On top of that, Spectral Peak Width is very narrow so we
can differentiate very close spectral bands like Isotopic
Pattern with High Fidelity.

In general, accurate mass instruments are those who can provide an error mass of < 5ppm.
MS systems based on Quadrupoles have mass error measurements of about > 150ppm.

Agilent systems can provide Mass error <lppm or bellow
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

RESOLUTION vs Mass Error

Spectral Resolution allows to get low mass error, on top of other advantages.

Unfortunately Mass error is not proportional to Resolution :

Other Fourier T. systems Res. -~ 200.000 Mas error <1 ppm

QTOF systems Res. ~ 60.000 Mas error <0.8 ppm

To identify/confirm a compound through HRMS
we do not only use Mass error.
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

When we identify/confirm a compound through HRMS we do it by :

1. Mass error Spectral Resolution allows to get low mass error, on top of
other advantages. BUT we don’t identify with Resolution
2. Isotopic Pattern itself.

Isotope distribution = isotope ratio accuracy
3. MS/MS Spectra - Needs to be <5% even at good mass accuracy to reduce the
number of potential database hits or empirical formulae

Scoring based on
4. Rt
Monoisotopic mass : 7 B -
5 CCS (||V|S) d (variation in ppm) Al = et e .
205, 1205 : (¥} Search Database for Compounds ~| 7} | ¥ = (% - | Method Items ~ !
A
Search Criteria Database | Peak Limits | Positive lons

Negative lons Scoring Search Mode | Search Results

Realtive Abundance
(varies in %)
< > Mass scars 100.00
Spacing 287.0171
varies in ppm) |saotope sbundance score &0.00
286.0236 |sotope spacing score 50.00
L N L L L e 3 3
285 2855 286 2065 287 2875 Retention time score 100.00

Rezponze ws. Mazs-to-Charge [miz]

Contribution to overall score

4 Agilent
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Technical features and Analytical Approaches with LC High resolution Mass
Spectrometry.

SO everybody knows HRMS provides very low Mass error measurement BUT...

What other features are important on a HRMS and Why?

. Isotopic Fidelity. Better ID confidence Dynamic Range of > 100.000 allows for Better 1D
« Speed. UHPLC & MS/MS Coverage x10° I
2 §F19.28(),’%'7 )
e Sensitivity. | \ﬂ? o] e ™, DI
Resolution ~ 33,000 -100.00/100.00, 609.2807 609.2803  -0.51
« MS/MS. Better ID confidence, Diff. Modes §<ﬁ,22, e 122026 & 28
« Dynamic Range. Better ID confidence 1 B Wide Abund. Range
« All at the same time!!!
611287790
612/292649
N R S
607 608 609 611 612 613 614 615 616
Countsvs. Mass-to-Charge (m/z)
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In-spectrum Dynamic Range: >4 Orders
Stable label 13C, succinate (1uM) spiked into E. coli extract

13C, succinate (m/z 119.0259).

succinate (m/z 117.0191) ss : ; i Abundance ~ 3 x 108
3 ¥ 8 g

Abundance ~ 3 x 104 | ] 2 i,
5 $+15§ =

5 2 g S-é;; HEE S

S % i £g HEE EE

2 1st 52 i g 1

e s moe i L

magnification: 5000/ 5000x 100x

4 \ i 7 g 10 4
* N % 2 %
2 B ] x e P 8 E
g || = 3 23
o @ 5 S 2F £ & e £
. - . - . ; §
& = | & & S e § T Z e e
) =3 @ = B2 @ 73 a a
§ 4 a , g 4 £ 5 = s B ] g3
5 = E| 18 =1 ¥ £ i &
3 X | = 3t pay g/l EaN @ g
£ h#’ s = oo =8
= = 2= | o \ & -
2 = 2 5 . &N = = §
5 ] 5 \ B Qg a
[ 2 = | & J) ol 3 2
' AP RE | \E \ A W 2 g 5
U S _J A = i A
o= L . . : N . R LA A !
n"rm 17 o2 117.03 117 04 1Mros 1802 1808 11806 1%8.08 118 118.02 119.04 119.06 119.08
miz mwz mz
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HRMS QTOF Approaches

The Rumsfeld Conundrum

... ‘as we know, there are known knowns: there are
things we know that we know. There are known
unknowns; that is to say, there are things that we now
know we don't know. But there are also unknown

unknowns — there are things we do not know we don't
know. “

United States Secretary of Defense Donald Rumsfeld

11 03 Maig 2018 IDAEA-CSIC

5 Agilent



Screening Definitions

Target Screening. - Four Dimensions of Identification (4D-ID) QQQ Emulation
Compounds identified through Accurate Mass, Retention Time, Isotope Pattern and Fragment

:f ! g f;,'”“' Confirmation. The quant method is developed via MassHunter Qual and Libraries (PCDLSs). Acquisition
B " g [ﬂf is in All lons MS/MS. Standards Used.
- L
1

Suspect Screening - Propose and Identify. WIDEST Screening Approach
A Suspect List PCDL can be created from the encyclopaedic Master PCDLs. Compounds can be found
and proposed using Find-By-Formula. The proposed list becomes the target or preferred (directed) list

[ ”-’ﬁ”"""i\"’vf‘?" for target MS/MS or auto MS/MS. The resulting data can be searched against MS/MS spectra in the
Suspect PCDL or Structure Correlated using MSC against the same PCDL if no MS/MS spectra are
available.
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MassHunter QUAL : Find By Formula (MS)

Find by Formula (MS) analisis TARGET

x10 7 |+ESI TIC Scan Frag=120.0V 0Std_MS_05.d ' lon Foeruds Srundence
1 1 Y
144
Beut Fommds M| fon Forms Soce Cooes Score | Cakomz O poey) | Mass Malch | AdundMaict | SpacngMasich
124 ! GHISN 03] ClGHH e 1% 1 4 a7 =
14 oo Lo Sbure Sk 2oued S’ e [ D0 oo

() 2323 2343 24131 54 1558; o
0.8 21 15 [L‘i " "3“ X519% X515 | 18

il BG 15 266 202 e 23] o
064 al 13| 2] =708 7 205 | =
0.4-
0.2- 1\

12 3 4 5 6 7 8 9 10 1] 12 13 14 15 16 17 18 19 20 21 22 23 24 114 2601851
Counts vs. Acquisition Time (min) C16 HQg N 02

| “
¢,¢, C16H25N0O2 77 MassHunter

Masa= 263.1885Da Automatico

0.5+

x105 |Cpd 4: TrTwadol: +ESI Scan (6.85-7.02 min, 17 scans) Frag=120.0V 0Std_MS_05.d Subtract

0.7+

0.4

| 265.1995
03 C16 H26 N 02

lones posibles : m

262.1168 263.1535 268.1363 269:0775

jm —_

H* m/z = 263.1885 o 262 263 % 285 266 267 268 269 270 271 272
Counts vs. Mass-to-Charge (m/z)
Na*m/z = 264.1958

NH4*m/z = 286.1778 x105 |Cpd 4: Tramadol: +ESI E|60(2264.1958; 281.2224; 28...
Extraccion de Cromatograma de la Informacion MS j: Extraccion del espectro de
de todas las especies ionicas posibles : oo MS del compuesto
XIC : 263.1885 + 264.1958 + 286.1778 "

55 6 65 7 75 8 85

Counts vs. Acquisition Time (min)




MassHunter QUAL : Find By Formula (MS

0.8+

0.6+

0.4

0.2

+ESI TIC Scan Frag=120.0V 0Std_MS_05.d

1

[SRTR N VI
TAKAT Ruw
CAIGAT REQY
LML RN
LT

CYILIZ R

Cve s

8 9 10 1
Counts vs. /

\

5 6 7

2 INS Parer.
L dal) (e 12 0T
ENTeA N i Le
22 1508 TariTady 1o
VL ey e

FIERT DRI PO T
LIS hizprazd A

i

12 13 14 15 16 17 18 19 20 21 22 23 24

\cquisition Time (min)

LA HECIrO oS

U tiplw el

lones posibles : H*, Na*, NH4+*

TG TN
WA wmrrgente 2ed sty
LR PR L L Rl

A TN 10 e
TNUNEL Sevtatar imymrenize

MassHunter
Automatico

Extraccion de Cromatograma de la Informacion MS .. . .
de todas las especies ionicas posibles :

N

[STH L S
TAKAT R
CIGEAT MBS
LKA R

IR KA
CaiEe R
LXRAL R
TN T RNOD
CYILEI RS

e

9 INS Parer.

LAl Temaey r2 e
AN N s e a )
A 158 Tarilady bz dbzhc)
Ll Mgy VhAeTE L
4TI N LR
$7LI5T lissrard AN

1T e ol

SR O

B T

LA HECIrO oS
s

Tk 10D T :
I 1o e e
T R
T IR TN TS T S
B wmwrrgense 2od sren
LR PR L L Rl
NG i ainan 1t eavn
TNUNEL Sevtatar imymrenize

* Tt TEDRamTe Mep @ T Mt TEATYS o 7O M 76 Som Ve D
¥ lamws g nss s T ux
. FE T Tomrtwnmnirimnne Suindimns | -~ O »m “i
" (L3 Diud! scomen N x T
! e [y W W aidas [ e Wy
3 Vi iy % e tan G TNT Wk
i P T = Fhaghor] T2 FECIOIF T AR I |
il
# e VID TG Name Vo Fords Te Score’ 76 Scorm (AT) 7% AT A7 DF (rem 79 Soore VO Scorn (DB 7E Score INFOITE M
o Ui [ F&F  Ellmghen C2HEQI0 8438 415
‘ i )
= MEG)Y 70 Scors INFO. MSM3| 7@ xe IMSI Y T U S
" 7438
A Uy . T - - - -
| nnzns 130874 S0 737
r 5456 30883 51 5}
- 193¢ GTHE 43 M
i e 10062 2 0s
A_A Tow hoohe T ST ow 1] 44

0.94

0.8

0.74

0.6

0.5

0.4

0.3

0.2

Cpd 4: Tramadol: +ESI Scan (6.85-7.02 min, 17 scans) Frag=120.0V 0Std_MS_05.d Subtract

264 1p61
C16 Hag N 02
265.1995
C16 H26 N 02
266.2020
262.1168 263.1535 C1EH26N02 268.1363 269.0773
262 6 267 268 269 270 271 272

263 264 265 266
- . Counts vs. Mass-to-Charge (miz)

Extraccién del espectro de
MS de cada compuesto




Target & suspect Screening Untarget Acquisition
All lons Acquisition Target Process

x10 1 |+ESI Scan (3.893 min) Frag=150.0V 962_D_direkt...

QTOF o
ALL-IONS MS & MS/MS Mode

1.2
1 -
0.8+
0.6+
0.4+
0.2+ m
0
-0.2
i i i [} i
328 329 330 331 332
Counts (%) vs. Mass-to-Charge (m/z)
x102 |Cpd 82: Tiapride: +ESI Product lon (3.850 min) Frag=150.0V CID@19.5 (329.1533[z=1] -> **) 962_D_direkt_5yl.d
L . 1.2
l ctopole 2 1.14 256.0632
) Bl —h=- 0s]
S ] —
DC Quad g;
051
041
T’OUI:“gph Tu1l'b3 TU1 ] 1 Tuzrho gz 213.0187 329:508
0.1 740076  104.9931 148.0820 177.0712 ’ 2931516 }
04wt [ N

80 100 120 140 160 180 200 220 240 260 280 300 320 340
Counts (%) vs. Mass-to-Charge (m/z)

Quadrupole doesn’t isolate any Collision Cell alternates
ion. NO filtering Energies
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All lons MS/MS — Screening with MS & MS/MS Untarget Acquisition

Target Process

« All-lons Data Process Algorithm is at first stage looking for compounds in a PCDL according Accurate Mass and Isotopic
Pattern only at the LOW ENERGY Channel.

x10 5 |Cpd 9: Carbendazim: +ESI EIC(192.07675, 214.05870) Scan Frag=110.0V.. %10 5 |Cpd 9: Carbendazim: + FBF Spectrum (2.950-3.035 min) Comprehensive_...
1 3 192.07662
Score >90 ? +5| 3 = ey
4] i
35 1.75
37 1-57
254 1.254
24 14
159 0.751 193.07952
0.5 0.25 (M+H)+
2 22 24 26 28 3. 32 34 36 38 4 191 192 193 194 195 196
Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)

* Only if Score\(user setting) is high enough, it queries PCDL Library to list known fragments in MS/MS spectra of

compounds taextract their XIC at the HIGH ENERGY channel and compare elution profiles. |

Library spectrum v v 61 3 ooz oms 2ie
8 1107 132,05562  160.05054 5.5+ & e S
S 1004 99.25 100.00 | g ) ~ECFagii axee
‘g v 5 [T ~ECFegti6dess.
2 90 105.04472 45- ) ~exemamsis.

80 79.91 N T - oCrmenaoassy.

704 3.5

60 A 4 A 4 34

g g

40+ 24

117.04472

30 26.92 1.5

20+ 11

104 79.04165 0.5

P IS I | N | | e | | 0’

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 275 2.8 2.85 2.9 2.95 3 3.05 3.1 3.15 3.2 3.25
miz Counts vs. Acquisition Time (min)
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All lons MS/MS : Untarget Acquisition
Chromatografic Confirmation : Coelution Score Target Process

x10 6 |Cpd 25: Trazodone: +ESI EIC(372.1586, 374.1563, 394.1405, 396.1382) Scan Frag=150.0V Cal_09-r002.d
458

3 /71N
f / \

478 479 48 481 482 4.83 4.84 485 4.86 4.87 488 489 49 491 492 493 404 405 406 497 498 499 5 501

o & A T T ya
COUMS=VSTACTeSTUHOT=HrC=rmrTy

Overlay of LOW & HIGH
energies XIC

Cpd 25: Trazodone: +ESI EIC-Frag(119.0622) Scan Frag=275.0V Cal_09-r002.d
x10 1 |Noise (PeakToPeak) = 1723.60

1.4
1.3

Y Coelution curves
114 Precursor lons must
meet at their maximum

0.9+
0.8+
0.7
0.6
0.5+
0.4+
0.3
0.2+
0.1+

478 479 48 481 4.82 4.83 4.84 485 4.86 4.87 4.88 489 49 491 402 493 494 495 496 497 498 499 5 5.01
Ratio Fragment lon/Precursor lon vs. Acquisition Time (min)

03 Maig 2018 IDAEA-CSIC :::::: Agilent



All lons Screening
Curated or PCDL Libraries

PCDLs by Compounds & Spectra

Compounds

: Total
with AM Compounds
LC/MS PCDL Market PCDL MS/MS number of with RTs
Spectra
Spectra
Forensic Toxicology Forensic >9,200 >3,900 >13,500 0
Toxicology
Pesticides Food Safety / >1,700 >800 >2,700 0
Environmental
Veterinary Drugs Food Safety >2,100 >1,500 >5,200 >120
Mycotoxins Food Safety >450 >300 >1,300 0
Water Contaminants Environmental >1,400 >1,000 >3,900 >260
METLIN* Metabolomics / >79,600** >9,400 >32,000 >680
Lipidomics
NIST 2014 MS/MS General >9,300 >9,300 >234,000 0

*METLIN numbers exclude tri- and quatra- peptides in the online METLIN
** Plus 168k theoretical
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6546 LC/Q-TOF

y——




Improving the Agilent Workflows: Metabolomics

Sample

Features | Pathway

ACEUIETIEn Finding Mapping

Preparation \

72F e ey " Sawso 3 Tifi = —
[ e 7.7
6546 :
P By ey
LC/Q-TOF »
i’-—i ; Fut Omge
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Improving the Agilent Workflows: Food Safety

. Quantitation .0

Suspect/

Sample

Preparation ACEEe)

Target
Screening

-
A e e — :
Prrunee gy u w9 L it “ C ik SR
—— - - - — o — F——
- - ~ e - — '
- o - I -
|w=s

\ Bond Elut =3 s L ?- : —_ i 5—5 |
B RS e 11l |4
= &) 2280 = = Ei 2 E g WP Tls
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3/15/2019

Like the 6545...with a lot more muscle!

« Simultaneous Hi Resolution, Extended Dynamic Range (10Ghz)

« Higher resolution (>60k @2722m/z, >30k @118m/z)

DIA Quadrupole-resolved All-lons (Q-RAI)
« Capillary gate valve

« Same sensitivity, isotopic fidelity, robustness from the 6545

‘£~ Agilent



Tune Mix — Measured data

90,000
Jooe ° [T
O Y ®
................................ ° [
70’000 O
..................... A546
60,000 e (4+ orders linear dyn. range)
O
5 50 OOO ‘..“-. .............................................
B ’ .‘,-'- [ J . ....................... @ eereretrt T .. o .
N O |
& 40,000 A—— Current 6545 High Res Mode
’ e (3+ orders linear dyn. range)
30’000 ............ P WPTTTRRURPPPPPRRTREE: PSUSTUTIRRRN AR CYTERTTEEE P R ®
[ YRR PR TR PR
20,000 —— R Current 6545 Dual Gain Mode
& (4+ orders linear dyn. range)
10,000
0
0 500 1000 1500 2000 2500 3000

m/z

24+ Agilent




Resolution of 6546A Q-TOF System

Cpd 9: Zoxamide; C14 H16 C13 N O2; 12.391: +ESI Scan:1 (rt: 12.340, 12 443 min, 2 scans) Frag=125.0V Avo_Alllons_50ng-g-r001.d

(Y

= Blue: 6546 49K Resolution
£ Green:| 6545 19K Resolution

8]

] =
N on 1 = N s
I SR

[ =]
[T

oo
P fo e
N in oo
PRI

=)

i.J.‘-"'i.JI

[

[T .
P

=1 [=1

=1 =1
TLoEm
iy

= TR

=)
N Gn 1 a0 O gn N Ry CR (RO Lo On
PRI S T S S S S S S B S

(=

- e T T T T T T T T T T
336599 336 33601 33602 33603 336.04 33605 33606 33607 33608 33609 3361 33611
Counts (%) vs. Mass-to-Charge (m/z)
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Data Independent Analysis (DIA)

Current: All lons MS/MS Silhouette: Q-RAI cnlisia
(Quadrupole resolved All-lons) 7&;’

x10 4 |+ESI Scan:1 (rt: 8.134-12.776 min, 270 scans) Frag=... x10 4 |+ESI Scan:1 (rt: 8.134-12.776 min, 270 scans) Frag=135.0V PestMix_Avocado_AIM_4CE(0-10-20-40).d
242.1431
CE = OV 557 242.1431
4-1121.0507 o
451
5. 398.3277 922.0101 4]
| ‘ 3.5 121.0507
779.5445 | .
O, N l‘\.ﬂ‘\\\‘hlm MM L,L M_L.L.MLM_LM. N \\ . . [T - 3 .
25 398.3277
x104 +ESI Scan:3 (rt: 8.143-12.784 min, 270 scans) Frag=... 2 922.0101
922.0093 1.54 300.2014 531.4082
Fragment CE On 19
14 ions 0.5 ‘ ‘ \ ‘ ‘ ‘ ‘ 779.5445
ol by il . \M h’m 1 H‘M \J‘“M il Uw I ‘H‘L‘\Lu‘\m\‘\‘h.Mu“.‘u‘u‘\w R ‘\...HL hebe oo ‘\h.‘.n” -
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
0.5 401.2671 Counts vs. Mass-to-Charge (m/z)
797.5159
O, MJ“JH Ll HNL

, ) | 300 400 ‘ \ l \‘ ‘ ‘
100 200 300 400 500 600 700 800 900

Counts vs. Mass-to-Charge (m/z)

T h interf ) | tri Similar to All lons, but using the quadrupole to take

a??ovrcl;r? s 'theernerggcspgiggrg&?:g'l% fX sequential windows of the mass range to reduce
lexity of the MS/M :

lons MS/MS complexity of the MS/MS spectra
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Qualifier lon
Triclocarban [M+H]+ 314.9853 m/z

All lons Q-RAI (Quadrupole resolved All lons)

+ESI EIC(161.9867) Scan Frag=110.0V POS Alllons S9 Post CE20-r003.d +ESI EIC Product lon Frag=110.0V CID@20.0 (325.0000[z=1] -> 161.9867) POS QRAI S9 Post-r001.d
x10 2 |Noise (Peak-to-Peak) = 381.2654; SNR (10.187 min) =2.3 x10 3 |Noise (Peak-to-Peak) = 35.1250; SNR (13.056 min) = 27.7
2 10.187 2 14 13.056 2
7.5
51 05
0
. | l . . ,
+ESI EIC(161.9867) Scan Frag=110.0V POS Alllons S9 Non CE20-r003.d +ESI EIC Product lon Frag=110.0vV CID@20.0 (325.0000[z=1] -> 161.9867) POS QRAI S9 Non-r001.d
x10 3 |Noise (Peak-to-Peak) = 625.4949; SNR (13.078 min) =2.4 x10 3 |Noise (Peak-to-Peak) = 22.5000; SNR (13.058 min) =70.9
15412 13.078 2 15F 13.058 2

0.5+ 054
Joo | L1 lhlll Ll | . | . |

+ESI EIC(161.9867) Scan Frag=110.0V POS Alllons S9 Pre CE20-r001.d +ESI EIC Product lon Frag=110.0V CID@20.0 (325.0000[z=1] -> 161.9867) POS QRAI S9 Pre-r001.d
x10 3 |Noise (Peak-to-Peak) = 284.0103; SNR (13.069 min) = 5.3 x10 2 |Noise (Peak-to-Peak) = 28.1250; SNR (13.048 min) = 18.4
1542 13.069 2 p 13.048 2
4
14
0.5 4 24
. Lo 1 b Lol . . .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)
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New: Quant 10 — New viewing tool: LC-QTOF Screener
Ease of use: improving Qual/Quant approaches

Screering « [Reault Review]

A Previous Sample | Allons_CrganicBirocoali_10pphs v 2 Next Sample 15 y . 35 Toml 345
Szatus Campount Namn & CASH Farm RT RT D Mass Mwten Score Theget lon Mas Acomcy # of Quaified Jony -
Anunocarts (MeH) 2033559 CLIHIBNZOD 1780 am L r3-) 209285 03575 2
Atranns (MeHpe 1912-24-9 CRHIANG 6273 027 9g4 2162010 03472 4
Carbofuram (Met)e 1563-06-2 C1IM15N0Y 5119 Q10 2589 <0.1335 2
DRazince (Dimpytace) (Meile 333415 C12H2INJ02PS 10175 Qoe2 RS 00757 3
Dimethoate {MeHe 0-31-5 CSRIINOSPS2 3695 Q.12 973 0082 3
Imazabl (Exiconazsie) (MsH}+ 13554-220 CIAMLATIN2O sears Q222 938 297 05% n.2300 ']
Imaaagyr (MeH)e 133338 C13H15N303 3.a257 o 089 2621186 {0 4558 4
Mitattuon (Wiettie 121-755 C10n1808%2 1873 0356 992 351.0433 0.6536 3
Metazachicr (MeMjs 57129052 C144160M30 5183 0297 B82 2731085 0.3564 2
Neatondam (Meti)e 130538451 C1441300NS045 5037 0451 % 413013 13753 ] b
>
+ SM Scan (2.671-2.862 min 12 scany) Allizre_CrganicBrocgol_10ppbSpitedPestiodes o
g el g )
.ﬂ
~ %00
&0
0
200
Q1490 20n¢ 39%. 1024 e
3 %1108 1761915
i ] | ol L 409,110
o 50 100 150 200 250 300 350 400 450 500 550 500 €50 700 750 500 E%0 200 2t 1000 1050
Mass-1o-Charge (m/2)
« SM Scan (2.671.2.862 mun 12 scans) Alhors_OvgarscBroccod WppbSpicediestadesd (Target/Qualifier ans onty) Aminocart MeH)e
g 200,421 £ 200{i285
3 g 250000 (M-
v 00 —
200000
&0
150000
Ry
100000
%0 50000 —
111339 PARRETE] 13,1388 2141213
\ Ik [M<¥)+ M-~ Ma e Mere
o 120 200 300 00 500 &0 700 500 800 1000 09 005 nl ms 2 m2s 213 2135 2144 21as
Mass-to-Charge {m/z) Masz-to-Charge (m/z)
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Review by “Acceptance”

= Sereening - [Result Review] - nx Number of Verified lons |
VA X A Previous Sample | Allions_OrganicBroccoli_10ppbS v | 4 Next Sample 13 7 225 | Total:| 345
Status Compound Name & CASH Formula RT I R.T. Diff. Mass Match Score | Target lon Mass Accuracy # of Verified lons ]-"*-
Dimethoate (M+H)+ 60-51-5 C5H1ZNO3PS2 3.695 0.126 97.8 2300069 -0.0625 3 {:(-):} Target lon Mass Accuracy )
Imazalil {Enilconazole) (M 35554-44-0 C14H14CI2N20 5479 0222 986 257 0556 0.4900 4 J
Imazapyr (M+H}+ B1334-34-1 C13H15M303 3457 0.111 98.9 2621186 -0.4698 4
Malathion (M+H)+ 121-75-5 C10H1806P52 7.873 0.356 982 3310433 -0.6936 5 @ Mass Match Score
SANTE/11813/2017 Guidelines
MS detector/Characteristics Requirements for identification {:(-):} RT Difference
. Typical systems Acquisition minimum number other
Resolution .
(examples) of ions
S/N > 3di
. . . - Analyte peaks from
High resolution MS: | full scan, limited m/z range, SIM, . .
—— . . 2 ions with precursor and/or
(Q-JTOF fragmentation with or without e ————— . .
Accurate mass . ! . mass accuracy product ion(s) in the
(Q-)Orbitrap precursor-ion selection, or .
measurement L £5ppme.ebcl extracted ion
FT-ICR-MS combinations thereof
chromatograms must
sector MS

fully overlap.

lon ratfio: see D12

al preferably including the molecular ion, (de)protonated molecule or adduction
°l including at least one fragment ion

= <1 mDa for m/z < 200

4l in case noise is absent, a signal should be present in at least 5 subsequent scans
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Number of Verified lons Flowchart

Each extracted ion feature to be evaluated against custom outlier limits
(Requirement of two verified ions are hard coded for now).

Coelution
Score

Mass
Accuracy

Custom
Outlier
Limits

Custom
Outlier
Limits

For example (= 5ppm)

Agilent Confidential For Research Use Only. Not for use in diagnostic procedures.

Verified

Custom
Outlier
Limits
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Example Results of LC-QTOF Screener

A altong - Smoe_ Te_ Alboms_Rroccoll_Susn Screening - [Result Review) 2% 1
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Broccoli sample
(fortified)

14 cpds @ 10 ppb
=> all identified
Aminocarb
Diazinon
Dimethoate
Imazalil
Malathion
Metazachlor
Molinate

Pyraclostrobin

Thibendazole

Atrazine
Carbofuran
Imazapyr

Metosulam

Metoxuron
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Qualitative screening using All lons MS/MS Untarget Acquisition
Results overview of a Suspect Screening Target Process
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Quantitative screening using All lons MS/MS

Results overview of a Quant Screening with Standards

Untarget Acquisition
Target Process

Compound Information

1} L 8 19

.gﬁ bl“;!l 9 .

W 2

TR L i1 ,

+EIC (2580.1387) Scan 400-r002.d Smooth

2 x104
5
45
4]
3.5

3
(=]
[}

Target

4,477 min.
Quantifier ion
lon molecular

4 41 42 43 44 45 45 47 48 49
Acquisition Time (min)

+EIC (293.1575) Scan 400-rD02.d Smeoth

2 310 3
1.2

14
0.84
0.6
0.4

=
o
[&]

ISTD

0.2
0

4471 min.
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0.8
0.6
0.4
0.2
0

Relative Abundance (%]
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2341455
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Profile
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Untarget Acquisition
Target Process

Quantitative screening using All lons MS/MS
4D-1D Confianza en los resultados

1. Tiempo de retencién ' 4
2. Masa Exacta 2
3. Perfil Isotopico del compuesto ".’f
4. Fragmentos MSMS como lon Qualifiers

?““i

Samplel @] BZD CALS ~| 8] Sample Typer <All> ~ | Compound: [$=| Lorazepam v | |me) ST oG | || L Q_LN_\J
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Quantitative screening using All lons MS/MS Untarget Acquisition
Compounds at a glance Target Process

r -
Compounds at a Glance C=e

: File Edit View Layout Help
Cl.]._.lﬁ—.asi%‘h - = | Panes:| 5x4 v‘l_i_ﬂk ﬂnﬁﬁ_ﬁ_&ﬁ.&
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%104 [223.0- >12‘B1Areal 437 x102 i x104222.1 -> 165.1 Area=| 22207 x1044231.0- >B‘31Araa=4'5?5 x104 [229.1-» 1721 AraaDBDDB
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25 . 24
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0.754 1 154 0.6+ )
051 & 04 1 i
0254 054 0.5 02 0.5
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42 43 44 45 48 44 45 46 47 48 49 59 & 61 62 B3 6 61 62 63 64 6 616263646566 6768
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e ™ 1 05 14
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I " 42 43 44 45 46 44 45 45 47 4p 49 55 & &1 62 &3 § 61 62 62 64 " £ 616263646566 6768
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I Chamomile extract [A&cetamiprid] Chamomile extract [Cymaoxanil] Chamomile extract [Carbofuran] Chamomile extract [Demethon-5-Methyl] Chamomile extract [Tebuthiuron]
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Screening Definitions

Discovery Profiling - Find, Compare and Identify

Profiling uses Molecular Feature Extraction (MFE) which is a naive feature finding algorithm, in order to
find & characterize compounds in a data set. These compounds can then be compared to determine
the absence, presence or up- or down-regulation of the compounds from sample group to samples
group. Profiling can be performed in single sample comparisons, two sample groups or multiple sample
groups and conditions. Significant compounds can be imported into Acquisition in order to generate
MS/MS data which is priceless in further compounds identification by formula generation, library search
or structural correlation.
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Agenda 2.5 Agilent

° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details Irusted Answers

. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de

03 Maig 2018 IDAEA-CSIC




Chemometric strategy for Life Science -omics and Food Profiling.
Agilent proposal Workflows in different scenarios

Metabolomics, as a discipline to find a differential metabolite to correlate with one or multiple independent
variables on epidemiological studies has at least two major approaches :

« Holistic or Untarget Metabolomics : Top down approach with massive data to find differences, needs
advanced mathematical tools.

 Reductionist or Target Metabolomics : Easiest approach looking for differences in just a limited list of
compounds

Genomics/Transcriptomics was first of the —Omics discipline to use advanced Chemometric strategies to
resolve large data sets problems.

Untarget Metabolomics and furthermore other omics disciplines like Foodomics, Glycomics, Petrolomics,
etc......... leverages from the tools developed in different applications and scenarios.
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Chemometric strategy for Life Science -omics and Food Profiling.
Agilent proposal Workflows in different scenarios

Metabolomic Studies Introduction

» Classical Metabolomics objectives on research area are to find new Biomarkers for early diseases
diagnosis, classify patients,.... There are wo important phases :

 Biomarkers Discovery phase will require massive profiles of metabolites; hundreds/ thousands of metabolites to follow up.

» Biomarkers Validation & Diagnosis phase will require usually to follow up a reduced number of metabolites; a few ones/dozens of
metabolites to follow up.

* Following such Metabolomics Methodology or approach, other disciplines made progress :
» Exposomics : as study of the disease-causing effects of environmental factors.

« Foodomics : Food and Nutrition domains through the application of omics technologies including Nutrigenomics and
Nutrigenetics

» Profiling in general. Food, Materials, etc....
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Chemometric strategy for Life Science -omics and Food Profiling.
Agilent proposal Workflows in different scenarios

Metabolomic Studies Introduction

 Metabolomics analysis to get metabolites profiles are based on:

« Chromatography/Mass Spectrometry (LC/MS, GC/MS, CE/MS): for all kinds of metabolites (minoritarian & majoritarian
ones). LC/MS is also used for Proteomics.

* Nuclear Magnetic Resonance (NMR): only for majoritarian metabolites.

* LC/MS, GC/MS “versus” NMR

» Sensitivity: LC/MS, GC/MS are able to detect metabolites at much lower concentration than NMR.
« MS sensitivity is > 10° times better than NMR.
* MS requires typically > 1-100pg (102 g) metabolite NMR >200ug - 5mg

« Sample state:
» LC/MS requires liquid samples (or solid dissolved on aqueous or organic solvent). GC/MS also accepts gaseous samples.
* NMR accepts liquid & solid samples.

* Number of Spectras/sample:

» LC-GC/MS: thousands of MS spectra/sample NMR: 1 NMR spectra/sample
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A Comprehensive Metabolomics Workflow

MassHunter
Profinder

MassHunter Qu!|

MassHunter Quant

Agilent LCMS, CEMS and GCMS

CE-LC-TOF/QTOF
CE-LC-QQQ
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Multi-Omics Open Platform: Mass Profiler Professional
Expression changes represented directly on routes
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& Analysis Generic Import for
Entities neric ? p
é—----%ed[ﬂramwsm : : | € s non Agilent
5.0y 3 Sarifcnt Patways for AlE Joint Pathways experiment: | oo instruments: *.xls,
~ transcriptomics / "2 S 1A
. * CSV files
metabolomics

| Enrichment Analysis on curated pathways and computationally — derived networks
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Arginine
Ornitine
Citruline

Infected Blood
Cells

Urea Cycle

03 Maig 2018

IDAEA-CSIC

Differential Abundances of 3 Metabolites of Arginase Route (urea cycle) in
Malaria Infected Red Blood Cells (RBS/ erythrocytes).

Abstract RBS SAMPLE PREPARATION:

1. - Centrifuge blood at 4°C 2min (citrate
as anticoagulant) and remove on ice the
supernatant to get the erythrocytes.

2. - Wash with PBS (phosphate buffered
saline) to remove the external
erythrocytes metabolites.

3. - "Quench" (-25=»37°C) and lyse the
cell membrane to release the internal
erythrocytes metabolites.

4. - Add aqueous phase modifier
(methanol) at -20°C.
5.-Add organic phase (chloroform) -25°C.
6. — Do Liquid-liquid extraction at different
pH's.

7. - Evaporate in vacuum and do and
agueous extract reconstitution.

Agilent



Sake (Japanese liguor) deterioration test
PCA 2D Score Plot and Loading Plot

_ — _ Iransparent vial, 1 month

03 Maig 2018

c
f\'_,>
5"5
£ 8
S ¢
3
)

O E
(@)

S
Q
=
@©
)
c
(@]
(&)
(<b)
@
@©
S
(@)
)
92

IDAEA-CSIC

"\

% Reference
- g — ~
&I .f / / - \
E 4 ~ — 7 I | \
% 7 - i \
T 0 \ !
% /
o ||
2 -2 4 \ V|
s Brown vial, 1 montk = ~

B RS

o4 | mm \

S& - ’ICIJ 1I0 EIO

Component 1 (64,412

Component 1

Difference of storage
temperature

PCA Score Plot

Component 2
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Component 1

PCA Loading Plot

A point in the loading plot corresponds
to a compound
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Trusted Answers

Agilent
Omics approaches
examples
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Effect of two different drugs on Ca regulation pathway

« Baker’s Yeast is an Ideal Model Organism for
Studying Pathways

« Saccharomyces cerevisiae is a widely used
model organism

« Biochemistry and pathways are extensively
studied

« Fully sequenced genome

* |deal for “multi-omics” studies with the goal of
facilitating research for other organisms.

03 Maig 2018 IDAEA-CSIC Agilent



Yeast Metabolomics :

Experimental Design

40.8L

|ﬂ| (é::,l:::l:: | FKF|06 | |Cyclo|f|porinA| Tl’ea'[men'[S
i .
4mL of 90:10 opos | | AddamLof img/mL « Wild type (WT) - no treatment
EtOH:Tween 20 oo FK506 or CylA in 90:10
F1ORTween 20 « Calcium control (CC) - CaCl,
* FK - FK506 and CaCl,
1hr later add fraction to bring culture to
\/ v — c\‘/“" \/ * CA - Cyclosporin A and CacCl,
% g @ & Extraction :
(Wi ] [cc | [ 7K | Wet mill with 5:3:3 CHC|3:CH3OHZHZO. Only

the agqueous is analyzed

Spin down and PBS wash after 15min of Ca?*
exposure
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Metabolomics Workflow

* Analyze metabolomics samples
Use accurate mass LC/MS to analyze samples

Acquire
Data

Mine data using MassHunter
Analyze in Mass Profiler Professional

|dentify metabolites using ID Browser
ot ¢ Search METLIN to annotate metabolites

Compounds

« Map results to pathways using Pathway Architect

Pathway
EWSTS

| N 2 S N

48 03 Maig 2018 IDAEA-CSIC Agilent



TOF/Q-TOF For Discovery Metabolomics

Goal — Detect all metabolites
Data is acquired in Full Scan

Metabolite tracking uses retention time and mass or
mass fragments e Accurate mass
Statistical analysis is used to find differential » Good mass resolution
metabolites (features) 5 orders of dynamic range

Feature identification is required for biological
interpretation

Ideal for discovery metabolomics
Spectral quality

High isotope ratio fidelity

Maintains performance at high acquisition speeds
« Sensitive

Compound identification

« Accurate mass, isotope ratio

« MS/MS with accurate mass, isotope ratio (Q-TOF
only)

03 Maig 2018 IDAEA-CSIC 4.5 Agilent



LC/MS Analysis of Metabolites in Stressed Yeast

x107 |* TIC Scan CA_RP_pos_1.d

ESI (+) by RP o

Polar compounds elute close :
to the void volume

0.4{

1 2 3 4 5 6 7 8 ‘g 10 11 12 13 14 15 16 17 18
unts vs. Acal

n Time (min)
E S I (+) b y A N P <106 |G 593: 13.373: + ECC Scan CA_ANP_pos_1.d

ANP separates polar
compounds that were in the
void volume with RP

Using both ANP and RP yields
more comprehensive

/' | ¢
B hUl L A \ ‘\
coverage Y N Y IR OSSN N -
1 15 2 25 3 35 4 45 5 55 (é 7 ? 95 10 105 11 115 12 125 13 135 14
ssssssss Acqulsmon ime (min
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PCA Plots for Yeast Metabolites Using Different Analytical
Methodologies

Y-Axis _ Y-AXIS ‘ Y-Axis

Culture Condition

Wild Type
Calcium Control

FK506
ANP Pos ANP Neg Cyclosporin A

51 03 Maig 2018 IDAEA-CSIC 3% Agilent



Increasing Your Confidence in Compound Identification

03 Maig 2018

Confident compound identification is crucial for pathway visualization!

Increasing confidence in identification

L —

Compound identification data

AM
AM + MS/MS

Accurate + Retention MS/MS Library

Isotope Time : +
HEESH(A) Pattern (AMRT) =S AMRT

(IP) +
IP

IDAEA-CSIC
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Summary of Yeast Metabolomics Analyses
Differential Features with METLIN Database Annotation

j Polar
metabolites
Number of Features

« ANP chromatography

After METLIN p<0.05 METLIN

* ESI +/- QC  Matches Cutoff Matches
RP-ESI pos 300 112 158 79
_ RP-ESI neg 523 141 418 115
metabolites RP-APCI pos 364 48 333 37
e RP Chromatography ANP-ESI pos 492 155 145 113
e ES| +/- ANP-ESlneg 276 88 213 63

* APCI

53 03 Maig 2018 IDAEA-CSIC Agilent




MS/MS ldentification Using the Agilent METLIN PCDL Library

Hypoxanthine m/z 137.0458 (+) Inosine m/z 267.0740 (-)
10eV 83/99 10eV 99/99
20eV 56,99 20eV 96/96
40eV 63/99 40eV J 96/96

|

MS/MS spectra library matches:
 MS/MS spectra obtained at 10, 20 and 40eV collision energies
« Matched to METLIN PCDL library spectra

» Displayed as acquired spectra mirrored above library spectra

03 Maig 2018 IDAEA-CSIC :::f:: Agilent




Pathway Architect

Pathway Architect is an optional
module in MassProfiler Professional

T LIEE ;}_.3;‘31 Metabolite Data
[ Metabolomics ey o
 FEEEFRELE Overlay mmnm)
$H -
E] } hitase NAD-dependent isocitrate ';” 1
‘ I
é NAD = [
ﬂ | / NADH I
s.uxinyl-goA ligase deh;dmgen.ase c:‘:\plex
uccinate ’# succinyl-CoA ’7&\
—Z TR = ="
‘ | s o
C
/)i A Neafla alat A aan ® cousmon ke .
List of all pathway entities, dynamically [

linked to pathway selection

Map and visualize data from one or two
types of -omic data on pathways

Search, browse and filter pathways

Supports biological pathways from
publicly available databases

» WikiPathways
* BioCyc
« Supported pathway formats

 BioPAX 3 — Pathway Commons, Reactome, NCI
Nature Pathway

« GPML - PathVisio —custom drawing
« Export compound list from pathways

44 Agilent
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One of the Stress Activated Pathways in Yeast

adenosine kinase AMP Deaminase
e @
b= ["adenosine : —f AMP }— ;KT’ ™MP
h" | ATP H+  H20 ammonia
ADP
xanthine p.:::phodbosyl
tra rase .
rine nucleoside SURABREhS gamaine . [Calcium]
purine n s
- e e W [Cydosparin A]
- [} /ck‘ i . 508
phosphate AptrtD:viiompeds 0spho-Alphd~D-ribo diphosphate
e e B [wild Type]
Wﬁﬁdmndm

adenine
pi horibosyltransferase
®

5-phospho-Alpha-D-
ribose 1-diphosphate diphosphate

adenine aminohydrolase
[

-

ammonia

H20
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Introduction to Food Profiling

The questions contaminant testing won’t answer:
 Is this wine cabernet or pinot noir?

 Is this Olive Oil really “Extra Virgin™?

 Is this rice from Japan or from somewhere else?

 How did changing my growing or fermentation process affect my food product?

To answer these questions, we need
Food Profiling

03 Maig 2018 IDAEA-CSIC :::f::: Agilent



Authenticity: Food Type
Determining Wine Varietal by LC/MS

* 45 red wine
samples used to
create a prediction

model . PC 2 (22.00%)
« 15 Cabernet
¢ 2 o
« 16 Merlot ?H°
+ 14 Pinot Noir e Al
*  Wines sampled <Y LLLeT
variedin 0 "y
geographic origin KL 0g .o
and vintage /g/\o@\"
- _ _PCA15519
- 5 additional wines AT SALYIGHON \Pcawo.,.)
which were not part : MERLOT
of the original ® PINOT NOIR

sample set were
correctly classified

using model
Application note 5990-8451

03 Maig 2018 IDAEA-CSIC :::f::: Agilent



03 Maig 2018

* 45 Red wines
« 3 Varieties: Cabernet Sauvignon (15), Merlot (16), Pinot Noir (14)

11 different countries: Czech Republic, Slovakia, France,
Italy, Macedonia, Bulgaria, Hungary, Australia, Chile, Germany
EE.UU.

« Harvests: 2004 — 2008

SET OF VERY VARIED SAMPLES

-

......

IDAEA-CSIC
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Instruments used

MassHunter

Mass Profiler
Professional
Software

Jet Stream ESI source

= SP—
g1 >~
‘ . =
A =
sy \ 2

S —— Eclipse Plu;cﬂ(uxm_o, 1.8um)
Agilent Technologies Agilent Technologies
1200 RRLC system 6530 Accurate-Mass Q-TOF LC/MS

Micro-filtration is the only Sample Prep used

Ondrej Lacina?, Lukas Vaclavika, Jana Hajslova?, Jerry Zweigenbaum®
a |nstitute of Chemical Technology Prague, Czech Republic ° Agilent Technologies, Wilmington, DE, USA
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Data Processing:

x10 6 |+ESI Scan (9.590-9.787 min, 18 scans) Frag=125.0V ESI+_PN...

1.5
x10 7 |+ESI TIC Scan Frag=125.0V ESI+_Blank_01.d | 1-;’
2.8 . 12
27, TIC of Wine and Blank, LC-(ESI+) QTOFMS
64 .
2.5 0.9
2.4 0.8
2.3 0.7
zi r) g:g: 493.1353
0.4-
1.5: ? 8-2’ 257.1862 |
1.8 21
1.74 fﬁ) 7 o) 0'(1), u.“| ull .Ji Ll |
1.6 ? . 200 400 600 800 1000
1.5+ ') . ? Counts vs. Mass-to-Charge (m/z)
1.4 . o) 2 ?
1.3 7? H p, : ? x10 6 |+ESI Scan (6.248-6.387 min, 13 scans) Frag=125.0V ESI+_PN...
121 5] M) 134 +210.1133
1.1 7 'r) .- 37’)? o) 1?
ool 2l A ! 1 Spectra belong to
081 : P?A 0 | o multiple
0.7 ! ) 0.8
06 : 2N 071 compounds
05 ) 05 coeluting
0.4 0.5-

WINE BLANK ot

.1
0 11 12 13 14 15 16 17 18 19 20 21 22 23 0 L...I L l

Counts vs. Acquisition Time (min)

o
N
w
I
&
=2}
~
0
©

x1$§7 +ESI Scan (3.888-3.981 min, 9 scans) Frag=125.0V ESI+_PN_..| x10 6 |+ESI Scan (1.21’;-1.3:09 mlnnlI 9 sc‘an’;;‘Fr;g;Q‘S;.OV ESI+_PN_..
* Very complex data sets. -
* Masked minority compounds. 0s,
0_8: 358.1719 g:z:
A deconvolution software is needed to or
characterize all the ionized compounds. .| o
0- L‘ .l‘ - - - 0(1): 4].;I.| : ‘ | ‘ ‘
20 égl?nts vs. l?lggs-to-Ch:%Oe (m/z) 1900 20 ég\?nts vs. Sggs-to-ch:%[; (m/z) 1900
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Data Extraction: “Find By Molecular Feature”

ecorsion_01.m

| Senty Type

w Open Daea Fles
ESte_Blark_( d

= U O
B e

1= [viUsst Spactia
Flaly * Scan 458815479 bwey - ESIs_Blark 012
0
[}
O

EAATEOATO. CII Y

Fiod by Ao NSNS
Fnd by Tageled MSMS
| Find b Molecuby ¥ asnoe

I

Excort Lt

ASA Dphone

CEF Opiorn

Comgound Summasy CSV Dpbons
MGF Optons

veats Ophons

28
(11 ”»
" M.F.E. extracts 20.506 “features
2 from the total of samples
s
1£] (at the settings choice)
"
12
L}
[
3
04
(53 I
1 2 k) ‘ [ [ ? [ ] 10 " 12 ) 1" 1% % " 1% 1% E] a 2 2
Courts vz Acquistion Tere (mrd
" N PR T Y L; Ty e n ey
£15 Method Edlar Faul Laspaunds hy Morecs g ﬁg
A e e meefee] R I lEla oe . - [RIPE% AN
Eevecton | lon Saaces . Cheson Stste | Compound Flers | Mass Flers | Mass Detect | Flesuds | Advanced W08 oESH Scan (14753815 479, v, 78 scans) Frage125.0/ ESts_Blark 014
Eovacson pigoetan 164
Togeideladps | Srolmobecubes (chromatopachic] 17
Inped Seta serge :2:
(] Reatact retenton trve 0 Lo 144
[] Aeetice iz it 13
12
ok Mhety 11
NG Pt 2 vl )l (0 e e 14
wwechs k) [y
(&) Use vl Feagd - ICIiJ courks ned
[Probim wexsNgrrosd spachial =
054
2401281
220101
|
3|V

ll Jl.{ ——

A M o M e o 0 W0 w00 nw
Courts va MasetoChange invs)
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Data Processing with Agilent Mass Profiler Profesional:
Filtering By Frequencies

* Filtering by 50%
“features” would

iIncrease from 663
to 3600

03 Maig 2018

Skeps

1. Summary Repork
2, Experiment Grouping
3. Filter Flags
4Ry recency |
5, O on samples
6. Significance Analysis
7. Fold Change

8. IDBrowser Identifica. ..

Filter By Frequency

B\ Guided Workflow - Find Differential Expression (Step 4 of B)

Entities are filtered based on their Frequency values, Define the stringency of the filker by selecting the minimumn percentage of samples in which entity must pass the filker or by selecting the
minimurn percentage of samples within any x out of ¥ conditions in which the entity must pass the filker. To change the filker criteria, click on the "Re-run Filker" buttan,

Displaying 663 of 20506 entities where at least 100,0 percent of samples in any 1 out of 3 conditions have flags in ["P*]

Prafile Plat

=
Ln
1

—
o
1

Default Filter: “feature” must be present at 100%* of

samples of at least one Group.

ge intensity

Mormalized Infensity Values

Avera

]
—
Ln

663 “features” of 20.506

T
Jernet Sauvignon]

[Merlot] [Finot Mair]

Wariety

Re-run Filker

[ < Back ][ et == H Finish ][ Cancel ]

IDAEA-CSIC
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Data Processing with Agilent Mass Profiler Professiona
Filtering By Frequencies + PCA

PCA of the data PCA of

the data

Initial features (20506) Features filtered by Frequencies (3600)

PC 2 (22.53%)

@
| o,
| @
% %o o #
o o
@ %%
@

PC 2 {18.32%)

@ @
0@
Oe @

mJ\ : . y > |
e @ @
oSS —
Grrsuy @ PC 3 (20.40%) _PCA5498% @@

Q@

@ FILTRATION

® CABERNET SAUVIGNON
® MERLOT
® PINOT NOIR

03 Maig 2018 IDAEA-CSIC
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Data Processing with Agilent Mass Profiler Professional:
Filtering By Frequencies + PCA + ANOVA

PCA of Data:
Features after ANOVA (p<0.05) & Fold Change (22.0): 26

1 PC 2 (22.00%)

A good filter of

data is crucial for — |

a good FILTRATION
Classification fit

® CABERNET SAUVIGNON
® MERLOT
® PINOT NOIR

_PC 3 (11.70%)
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Professional

Class Prediction Model Validation R - ==

Number of samples used for model valiation: 45

mCIass Prediction (Step 3 of 5)

Vabkdation Algorithm Outputs
The vabdation Lables pravide the result of the modal validation step, The pradiction & comparad with the trus valuss of the
samples, If many mistakes are made in the prediction, press tha "Back”™ button to maka changss to the model,

S

.. Q\')O.” M' ~. -
rmmmmﬂ Accuracy
15 ) 100.000
' mumn..- _!._ _1:?1 1] __87.500
(True) [Pinot Noir} | 0 0| 14 100.000
1 !

« During model validation, 2 MERLOT samples were incorrectly classified.
* All the Cabernet Sauvignon & Pinot Noir were correctly classified.

* The prediction reliability of the model determined to be of 95.6%*
The model classified correctly 5 of the blind samples (2 CS, 1M, 2 PN).

* ANOVA used p=<0.05.
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Challenges in Food Authenticity Testing

* Meeting reqgulatory requirements
 Availability of authentic samples

* Speed of analysis

« Extensive method development required
« Extensive validation required




Agilent’s Food Authenticity Workflow

Sample Separate and

Separation Detect

Preparation Feature Finding

QUEChERS Infinity Il Series ‘
and Clean up 25DLC

materials @-

vliliee Fes Broad column LC/IMS | ' :
' » MassHunter
QUEChERS porth“O Mass Profiler

Profinder
concept

MassHunter
GC/MS Unknowns Analysis

Professional
(MPP)

Wl s akbbats il

5 Agilent



Food Authenticity Workflow

Workflow for Method Development

Profinder Mass Profiler Professional
Batch feature Data import and Model :
LC-TOF

GC/Q-TOF

Data acquisition Profinder Prediction
Method model

MassHunter Classifier

Sample and method Results _

Workflow for Automated Sample Classification

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Food Authenticity Workflow

Profinder
Batch feature
extraction
LC/Q-TOF
LC-TOF

GC/Q-TOF

Data acquisition

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Method Development in MassHunter Profinder
Batch Feature Extraction

Import sample files in Profinder

NS

Select Batch molecular feature extraction
or Batch recursive feature extraction for small molecules

NS

Build and save the method file

314 1516 17 18 19 2 21 22 23 24 25 26 27 28 29
Counts vs. Acguisition Time (min)

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Food Authenticity Workflow

LC/Q-TOF
LC-TOF

GC/Q-TOF /

March 15, 2019

N\

For Research Use Only. Not for use in diagnostic procedures

Data import and Model

processing

Mass Profiler Professional

building Reporting

,,r Agilent



Method Development in MPP
Method manager

Allows creation, running and
monitoring of a method

Drag and drop the tasks of choice In
the drawing area to create a method

Advanced features like normalization,
missing value imputation, etc. can
also be configured from the same
user interface

Method can be started as well as
exported from the tool

Exported method gets saved as .m
file and can be shared

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures

Select the Select the
experiment interpretation
|
v
Select the Select Class
filter(s) of Prediction
interest algorithm
|
v
Save the
Method

44 Agilent



Creating a Method

4 Achbe jobe ha "

= 3 P Pl St 2 | @, Pipeline -MassHunterQualLCMS.6 (Step 1 of 6)
s{reeni v ' .

< [t ody e Experiment Type

s Overmmstion 1

s wom Choose the experiment type based on the type of samples to be used.

4 Generx "
S Mt T e Experiment type

. Oz Interpatater . . { = k .
s _ identified
+ Ftwr By Froguency
Ftwr On Saopke Vasoity 2 ) .
5 fraskerun @ Unldentified
|, Ftwr By Abungaccs Fiwr By Promecy
4 Fwr On Nomralty . - o o .
; Ftw On Annszatoms (") Combined (Identified + Unldentified)
, Farrove Erttms NSEng Soma Vales
Lrdens
4 SSoEE o | y 1
s P& On Voigne Pt R i ] Pt O Sarpe Carntiny i |
e e Organism MNone %)
s Hegronc! Custamg
L KMaSns Cumaneg
s SHEDuganmng o Oustarmg g 3
+ Comsten ToEs T
s Pecps Component ATaves
4 Com Pedcon
L PLsDA

o £ Batwran

Select the tasks of choice and
connect them to create a method

Select advanced parameters

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Class Prediction Algorithms

Partial least Squares Discrimination

Support Vector Machine

Nailve Bayes

Decision Tree

Neural Network

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures _.:;:._ Agilent



Export Model to MassHunter Classifier

1ig New Experiment —l+ixl 3,000 -
-] Samples(54)
=23 Interpretations |
e ;;Samp‘ﬁ 2,750
% Tﬁ {Mon-averaged) % =gkl
=425 Analysis il
=-[= Al Entities = 2,250
EIE_!‘] Filter By Frequency with cut-off percentage: 100 E
=[=] Oneway ANOVA p (Corr) ( [Ataulfo] vs 'E 2,000 1
----- Soft Independent Modeling of Class Anal E
EI ] =1 Fen
I " avorites ns odel
Exported model is saved in method folder for yraverts e
further use in MassHunter Classifier ; | Export Model toMassthnter Casster | |
| Global Ttems T':AE.E Hese
@ My Lists Lhange owner
i i . @ My Reports Femove Model
For mango data, a prediction model using Random forest was created. Cony

Delete Model
TT IT

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Automated Sample Classification
MassHunter Classifier

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures 2 Agilent



Automated Sample Classification Workflow

_ MassHunter Classifier
Sample collection

Sample preparation

Detection

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Food Authenticity Workflow

LC/Q-TOF
LC-TOF
GC/Q-TOF

Data acquisition

MassHunter Classifier

Sample and method Results -

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent



Project Creation in MassHunter Classifier

Project Name
Samples Type
Profinder Method
MPP Model

Samples

March 15, 2019

New Project

Project
® (d) O (cef)
Select
Select

Select

| Submit || Cancel |

For Research Use Only. Not for use in diagnostic procedures

Import Method, Model and Samples

Profinder method is required when user is
working with .d files

At a time only one MPP model can be imported.
To run prediction with another model, a separate
project can be created.

One or more unknown samples can be imported
for prediction

44 Agilent




MassHunter Classifier
A simple tool for automated sample classification

« Simple, uncluttered user interface
for routine analysis

:}':”if_;.: T B ““ J— « Run batch feature extraction and
g o | - , class prediction on previously
created classification models

» The tool quickly processes the
samples to be classified and user is
presented with visualization options
such as Principal component
Analysis (PCA) to review the results

« User can interactively review the
sample classification results and
associated compound data before
choosing to save a PDF report

(AN L ESR R R N RN N RN NN R E N R NN N R RN RN NN N

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures ':': Agilent



MassHunter Classifier User interface

Agitent MassHunter (_Iasé-ﬁer 1.0.0 - Project ¥ N

Tool Bar

Sample Tabie Ataulfo_sample6_1 Compound Table: Ataulfo
Sape Cexs Comtoexe Max 4 Atyrasnce Fing Fite
Amufo sanges i W Amfo 032 4539402 8 19 (i) .
Atmifo_sampied ;. @ Atmifo saz 121 ® ‘.
Amufc sampies 3 ) At h! &0 18 B3 (=) .
ett_sampied_! " ken 807 1 (e} .
kem_sanpiesl @ Kem 193 1813 ® B
Car_sengles 3 N Xen 10.032 TR [0 v
Tomry_sanpies i @ Tommy 0 12,844 78 [ ] £
Smplen B Tommy, ) 54 o -
oy _sarmpied 8 Tommy . 1) 17 386 . Y
] 33 17.34 O .
1 17 @ °
E5)376 13E8 17 ® .
80 18 17,00 o -

Sample Table . 4 — oou v

&
' .‘s P 18 538 £ .
76 18 310 (s} -
x E+) .
& 18200 @ -
i 1€ @ a2
1 16,151 <@ B
1£156 @ &
LR 1 . .
524 18015 @ B
. w7 . »
O] i
2% ot o v
= v 00 18 E3e [=) .
b w4 2 ® °
55 @ -

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures




B5r Research Use Only. Not for use in diagnostic procedures

Sample Table

Sample Table

Sample Class Corfidence « Sample table shows the predicted
AtauFo samples 1 [ Ataufo 0,58 class to which unknown sample
PR p—— . belongs and the confidence score
Ataufo sample6 3 W AtauFo 0.98 » All the samples here are classified
fe api 1 | @ Kem - with higher than 95% confidence
Keitt_ samplet_2 B Keitt 0.97

Keitt_sampleb_3 B Keitt 0.98

Tommy_sampleé_1 | Tomnmy 0.96

Tommy_samplet_ 2 ] Tomnmy 0.95

Tommy_samplegé 3 | Tommy 0.98

arcAgilent o



B6r Research Use Only. Not for use in diagnostic procedures.

Compound Table

« Compound table shows the list of Compound Table: Ataulfo
metabolites used in classification Mass RT Abundance  Flag  Profik

+ Flag column provides information on if o ¥e == 9 -
a compound contributed to sample — o :
CIaSSIflcatlon 28530218 1.B07 18235 . i

« Additional information on Compound IS 828.4989 19193 18131 - -
seen in profile p|0t 470.2128 10832 18110 ® | »

« Red dot indicates the abundance of WGl [0 | DS o ‘o
the compound in the unknown sample ~ “®*¢ 7= 7= @ —
with respect to the abundance | |few |1 ® —e
distribution of the compound in the s R N ks O L
training Samp|es for the predicted 224.1414 10.852  17.303 ® .
class 465.2576 10.828  17.171 [ ] .

371.0380 1.805 17.087 . .

arcAgilent o



Bér Research Use Only. Not for use in diagnostic procedures

3D-PCA

« Confidence ellipses in the PCA are
drawn for model training data

* Dots on the PCA plot are training
samples used for model building

« Diamond structured sample is the
unknown Ataulfo sample in 3D PCA
plot

arcAgilent o




Report Generation

 Information on
classified samples can
be recorded in a report

Report

. Agilent
« Captured information
n Includes name of model
used, samples tested
as well as per sample
data in a PDF file

March 15, 2019 For Research Use Only. Not for use in diagnostic procedures :': Agilent




Summary

* One stop solution for food authenticity analysis

« Streamlined workflow for batch processing and model building

« Class prediction algorithms to support various applications

« Brand new simplified application for automated sample classification

« Separation in “Scientist” part and “Technician” part

« Standalone software which utilizes our already established platform
of Profinder and MPP
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° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details Irusted Answers
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de

Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un

largo camino para ayudar al investigador.. :

o  Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
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From experiment design to conclusions, a long way to help scientists.
Agilent Tools and workflows to better decisions making at Integrated Biology :

Complementing different analytical technologies LCMS, GCMS, CEMS, ICPMS. Data Acquisition
modes.

 For LC HRMS, at first stage, where ID is still not necessary, Full Scan Acquisition or No Data Dependent MS/MS such
All lons is generally the choice of acquisition mode. At second stage, where more ID confidence is needed, a Target
acquisition mode could be of interest to get reliable and pure MS/MS spectra of all differential compounds.

» ldentification of differential compounds is one of the biggest CHALLENGE, a real bottleneck. Use of analytical
technology with strong ID power is crucial to afford such challenge.

 For LCMS & CEMS where lonization sources are based basically on ESI, HRMS is key due to their Qualitative power.
(AM, IP, MSMS, CCS).

* For GC techniqgues where Electron Impact ionization (El) is such an universal technique with universal libraries, a
Single Quadrupole is a very robust and convenient technique. Recent developments of soft El allows to keep some
Molecular lon intact so GCQTOF is also an interesting technique combining El spectra and HRMS advantages.

* For ICPMS, due to the very low list of possible compounds (periodic table) it is feasible to perform Target Acquisition for
all the elements.
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From experiment design to conclusions, a long way to help scientists.
Agilent Tools and workflows to better decisions making at Integrated Biology :

Complementing different analytical technologies LCMS, GCMS, CEMS, ICPMS. Data Acquisition
modes.

« The choice of separation technique is biasing the kind of compounds we will find in terms of polarity.

» Volatile compounds would be difficult to get robust information on a LCMS system as well as other non-polar
compounds. GC is in this case the best choice.

* In the other hand, highly polar compounds would be difficult to retain on a regular RP column. An alternative is to use
HILIC columns or Capillary Electrophoresis (CE).

* For a comprehensive project considering different techniques it is interesting to have a Tool who can handle all these
different experiments on the same Data Treatment project pointing out same organism.
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Multi-Omics Open Platform: Mass Profiler Professional
Expression changes represented directly on routes

®
Project Navigator a |
IB Demo Project X o= 3
=3 Experiments Interpretation2: Tissue|
i B MAQC Agilent 880 1-color PP TRl e sinddodinirnse AZTOTTRRREERD T
Ll Metzbolomics |8 ool e Itm
:!'. Significant Pathways for Proj eCtS LMX1B ’ A
e e
] m 3 [ . ‘ _________
22 MAQC Agilent 8x50 1-color v 4

R . e
2 St k- Microarray-based, NGS, q-PCR

. &3] AlEntities

e Tretmeres o { i) Gene Expression/
3 vy e uchecping Genes nt Transcriptomics Experiments
4| — r.rr 3 5| Select Data Source
g —
- Interpretations |
Qe LC/MS, GC/MS, CE/MS, ICP/MS & NMR | « pissizis i
o CayFavetes N based Metabolite / Protein Ly
MassHunter Qual {GC scan data)
Abundance Measurements * MassHunter 1CPH5
(" Chemstation
i%, Significant Pathwaysfo - |+ x|  AMDIS
& Analysis Generic Import for
Entities neric ? p
é—----%ed[ﬂramwsm : : | € s non Agilent
5.0y 3 Sarifcnt Patways for AlE Joint Pathways experiment: | oo instruments: *.xls,
~ transcriptomics / "2 S 1A
. * CSV files
metabolomics

| Enrichment Analysis on curated pathways and computationally — derived networks
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Agenda ~4.= Agilent
°
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details : lrusted Answers
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS

o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
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Deconvoluting Data and visualization tools
How does Agilent algorithms get compounds/features lists from a FullScan acquisition.

Due Full Scan acquisition, a deconvolution technique is needed in order to characterize all possible
compounds eluted and ionized on the source.

Different lonization sources (ESI for LC/CE & EI for GC) need different type of algorithms to extract and characterize
compounds (features).

Electron Impact (GCMS) is a destructive ionization technique so Deconvolution is based on El fragments.

Mass Hunter Qual & Quant have a dedicated Deconvolution Algorithm
for this type of data, an improved AMDIS version.

The black TIC has three
components underneath it.
If you take a spectrum at
the apex of the black TIC
peak, you will see a

mixture of three chromatogram. So after

components, as the “Deconvolution” deconvolution, we can get clean A-

Deconvoluted peaks & Spectra
Compound 1

can pull out these individual
components from the total ion

The MassHunter Deconvolution ( n

und 2
shpec_trl;m S.T]OV\:In Eere on spectra of the matrix, the
the right with all the green, interference, and the target

|
Compo
compound as shown on the right J' 4 A

‘ side of the slide. Compound 3

red, and blue colors.
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Deconvoluting Data and visualization tools
How does Agilent algorithms get compounds/features lists from a FullScan acquisition.

Due Full Scan acquisition, a deconvolution technique is needed in order to characterize all possible
compounds eluted and ionized on the source.

For LC HRMS Agilent developed Molecular Feature Extraction (MFE).
MFE is an advanced deconvolution algorithm working at both spectra and chromatographic level.

Lo
| o e 3 02 [ alal O C ¢ = [l A oI %
wo* "

miz
$§ 8 8 52 8 8 ¥ 8 8 B &
) DY el LU ML R D R s GO ORI

T T el | B T, O A L |
1 1) & 5 & ) 3¢ 9 10on o B WM N

Retention Time {min}

First step is to remove all the m/z which are present along the full chromatogram. This is fix background.

4 Agilent
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Deconvoluting Data and visualization tools
How does Agilent algorithms get compounds/features lists from a FullScan acquisition.

Molecular Feature Extraction (MFE).
MFE is an advanced deconvolution algorithm working at both spectra and chromatographic level.

- Extraction Works in 3 dimensions :

L Ee R s Abundance, RT, m/z
Groups ionic species of same compound
based on accurate mass.

miz
E M ¥ B BE S @ 8B E
A A A A A L A A A

SRR L UL ,L L Combines signals with chemical
AT SN AN TMMENa)" pelationship (isotopes, adducts, multiple
/) N\ Cs(MeNa) charges, dimers) and “molecular features”
CEAMHH) /[ cosmaNa)s  orgmena) (= compounds)
C13(M+H)* C'37(M:Na)+ | |
C14(M+H)* Creates a list of mass intra spectra.

—_

This process is done spectrum by spectrum, only those mass who show a gaussian peak
along the time are considered as possible compounds (features)

Different smart settings are used for data mining and noise discrimination.

zj

;
;

B9 il &l Sl
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g
£
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i
:
g
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N
™
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w
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Deconvoluting Data and visualization tools
How does Agilent algorithms get compounds/features lists from a FullScan acquisition.

Molecular Feature Extraction (MFE).
MFE is an advanced deconvolution algorithm working at both spectra and chromatographic level.

MFE creates a list of possible compounds (features) characterized by
Rt, Abundance, Acc.Mass & Isotopic Pattern.

This data is ready for Chemometric processing among different groups.

-1
Rl AU\ —
: T » CH(M+Na)"
SI(M+Na)*
c12 \+ - "

(M+H) CRSMHNa),  eiznsNa)t

c13 . ¢

CIH{M+H) ) Ca7(M+Na)*

C?J(Q_‘*H)‘ 2 .
+ i Compound List
i Lebel Polarty ' Cpd

Cpd 461 365 | Posiive | 461
Tpd 462 37, | Posten | 462 512 4048
Tpd 463 357 | Poative| 463 aanBn|
Cpd 46t 357 | Postive| 464 aaima|
Cpd 465 357. | Poslive| 465 4343555
Cpd 465 357, | Pouve| 466 Hanun
Tpd 267 357, W 55 438
Cpd 462 357 10 €00 457
Tpd 63 |7 [ 638 5006

Cpd 470 358

3

7765608

Cpa a7l M8

-
=

800 %633

Cpd472 358,

-
=5
"o

123182

Cpd 473 356,

7735658

3

CpdA7¢ 358

700495

Cpd4ms 358

-
=

aann

Cpd47s 359

-
=3
Gl

4233807

Tpdd477. 359

3

EEE R

Cpd 478 359.

3

205,958

Cpd 473 353

-
|

I_ME

Cpd 480 259

]2978

Cpd 481 360,

857.0671

Cpd 482 360,

4030415

Cpd 483 360

616 462

Cpd 484 360

g131217

Cpd 485 380

4031747

Cpd 4BE 361

614 8837

Cpd 487. 36 1.

38583439

m@m@mgn@nm@mm@s@mmad&@a@@nmsi
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T—
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Agenda ~4.= Agilent
°
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . lrusted Answers
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.

o  Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacién, “Baselining” con “Mass Hunter ProFinder”.
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Data prepare for Statistical Analysis.
Alignment, Normalization, Baselining with Mass Hunter ProFinder.

Statistical analysis requires for multiple replicates, both technical and natural

This statistical test requires to prepare data before tests.

Alignment of Rt and Mass along the different replicates is mandatory to avoid to skip possible compounds due
to some instrumental deviation.

Momalization and RT comection

Alignment parameters Abundance nomalization Intemal standard definitions
RTtolerance = =z(gp %+ pgg min) Apply No. of intemal standards |3 |+
(7 Without standard
- oL standars RT{min) Mass(Da) Nom.Cor.
Masstolerance = =(100 ppm + 20 mDa) @ With standards

5.1 293 568
152 502823
RT comection 373 145 251

Apply
(71 Without standards

i@ With standards

Diisplay

But also Normalization and Rt correction can be P
performed using Standards or Not. ——

4 Agilent
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Data prepare for Statistical Analysis.
Alignment, Normalization, Baselining with Mass Hunter ProFinder.

Statistical analysis requires for multiple replicates, both technical and natural

Mass Hunter Profinder is a NEW advanced smart tool combining Deconvolution, Data prepare and Recursive
Analysis for Small or Large Molecules. It is a Wizard assisted program

Wizards v | & L= nd 10 -~ G Automatically Deconvolutes with the right
. technique depending on Data loaded :
Batch Molecular Feature Extraction
Batch Recursive Feature Extraction (small molecules / peptides)  Fragments deconvolution for GCMS
Batch Recursive Feature Extraction (large molecules)  MFE for LCQTOF

Batch Targeted Feature Extraction _ _ _
If desired Aligns, Corrects, Normalize and

Batch Isct | Extracti ) )
aLCh setopologle Bxtraction S makes a recursive Analysis.

03 Maig 2018 IDAEA-CSIC
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Four Profinder Windows:

Compound centric visualization and editing of results
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Agenda

Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details

Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de

Alimentos, Materiales, Procesos...

Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un

largo camino para ayudar al investigador.. :

o

Datos segtin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
Deconvolucion de datos y herramientas de visualizacion. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.

é¢Necesito andlisis recursivo a través de iteracion? Por favor hdgamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.

03 Maig 2018 IDAEA-CSIC
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Do | need recursive Analysis?
Please, make it easy ... Comprehensive Data treatment to avoid missing compounds.

Why should | perform Recursive Analysis?
MFE extracts many possible compounds (features) using some filter settings to avoid noise and artifacts.

It could be possible some minor compounds would skip MFE on any replicate due to interference or any other
reason.

Recursive allows to go deeper in the data and extract without noise filters from data on other replicates.

» Feature extraction using MFE (works on 3D data set)
finds targeted AND untargeted OR unknowns

» Alingment & Data prepare
features found across ALL samples, but might be missing in some

» Feature extraction Find by lons (works EIC based)
finds targeted metabolites only (all or significant only), finds lower level missing features

03 Maig 2018 IDAEA-CSIC :::::: Agilent



Recursive data extraction in Pro Finder

_ Unbiased feature detection will always

‘ ‘ ‘ ‘ ‘ ‘ find different numbers of compounds

2010 2036 1989 2011 1992 2008

2300 uniqgue compounds

66 600 ==
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Agenda -<.= Agilent
°
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . lrusted Answer:
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
o  Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.
o  ¢éNecesito andlisis recursivo a través de iteracion? Por favor hagamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.

o  Mass Profiler professional. Andlisis Diferencial a través de Interpretaciones, Clustering, PCA, PLRS, modelos de prediccion
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A Comprehensive Metabolomics Workflow

MassHunter

Profinder
LA | = s
xO | _ L
;Q’r;

e [ ﬁ
MassHunter Qu
MassHunter Quant

Agilent LCMS, CEMS and GCMS

CE-LC-TOF/QTOF
CE-LC-QQQ
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Mass Profiler professional.

Differential Analysis using Interpretations, clustering, PCA, PLRS, model of prediction
« Agilent Mass Profiler Professional (MPP) software is a powerful chemometrics platform

« Designed to exploit the high information content of mass spectra (MS) data

« Can be used in any MS-based differential analysis to determine relationships among two or more sample
groups and variables.

* Provides advanced statistical analysis and visualization tools for GC/MS, LC/MS, CE/MS, and ICP-MS data
analysis.

« Also integrates smoothly with Agilent MassHunter Workstation, Profinder, Spectrum Mill, and ChemStation
software.

» Is the only platform that provides integrated identification/ annotation of compounds and integrated pathway
analysis for metabolomic and proteomic studies.

03 Maig 2018 IDAEA-CSIC : Agilent



Mass Profiler Professional e Car
MPP Terminology [ém\ ki

Project — Workspace, container of Experiments

Experiment — Collection of samples acquired under same instrument method.

Parameter — Variable in the experiment (p.e. Time, Temp, Infected)

Condition — One or more samples representing a common biologic status (p.e. Time 14h)

Interpretation — Samples grouping based on Conditions. (p.e. Time vs Temp)

Entity — Molecular Entity from which we know Rt, Mass and Abundance. It can be
“Identified” or “Not Identified”.

Technology — Registry or container of all data acquired under a simple Technology:
Metabolomics, Transcriptomics, Proteomics....

109 03 Maig 2018 IDAEA-CSIC :::f::: Agilent



Mass Profiler Professional
MPP Terminology

Sample |Grape Country of Origin
1 Cabernet Sauvignon |USA

2 Cabernet Sauvignon |USA

3 Cabernet Sauvignon |France

4 Cabernet Sauvignon |France

5 Merlot USA

6 Merlot USA ‘
7 Merlot France

3 Merlot France

9 Pinot Noir USA

10 Pinot Noir USA

11 Pinot Noir France

12 Pinot Noir France

03 Maig 2018
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% MassProfilerPro | . 7

Interpretation 1: Define samples by

parameter Grape

Conditionl: Cabernet Sauvignon (samples 1-4)
Condition2: Merlot (samples 5-8)
Condition3: Pinot Noir (samples 9-12)

Interpretation 2: Define samples by

parameter Country

Condition1: USA (samples 1,2,5,6,9,10)
Condition2: France (samples 3,4,7,8,11,12)

Interpretation 3: Define samples by

parameter Grape and Country

Conditionl: Cabernet Sauvignon-USA (samples 1,2)
Condition2: Cabernet Sauvignon-France (samples 3,4)
Condition3: Merlot-USA (samples 5,6)

Condition4: Merlot-France (samples 7,8)

Condition5: Pinot Noir-USA (samples 9,10)
Condition6: Pinot Noir-France (samples 11,12)

4 Agilent



Mass Profiler Professional TR mesprtierrs
MPP Interface %ED\

Desktop area with
views

SIS EEAD

Project s Tool & Menu
Navigator bar
— Workflow
P Pt Browser
Experiment i prerssien
Navigator H
10
S b , ' Legend
R e Window

[ gm0, (WD S 1y
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Mass Profiler Professional

Experiment Creation

X, Mew Experiment

Experiment description

Enter a name, analysis type, experiment type |

I ‘4 MS Experiment Creation Wizard (Step 1 of 11) I

There are different choices
when creating an experiment
including Wizard for novel
users or easy tasks.

a statistical significance test and fold change ai
creation only. "Class Prediction™ will guide you 1

imported training data.

Experiment name
Analysis type
Experiment type
Workflow type

Experiment notes

03 Maig 2018 IDAEA-CSIC
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Select Source, Organism and Data to Import

Choose the data source and organism that will be used for the experiment. Data may be imported from files or samples from previous

experiments.

i@ MassHunter Profinder Archive {.PFA)
(") MassHunter Qual/Profinder Mass Profiler {,CEF)

Scientist can use several kind of
Data process origin including
Generic from other vendors out of
AGILENT (with limited software
features).

(") MassHunter ICP-MS

) AMDIS

(™) Generic

Organism |Hmm sapiens - |
[Mone

Type

[, |

‘Mus musculus

Rattus norveagicus
Anopheles gambiae
Arabidopsis thaliana
Badillus subtilis

Bos taurus -
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Mass Profiler Professional

Guided Workflow Analysis — Step 1 : Summary Report

m(.mdﬁd Workflow - Find Differential Expression (ﬂtnp 1 of #)

“haps Summary Report

Tre dstribution of norralead intensty values actoss all sampls & deplayad in e Frefla PIE, EntEes with inersty values biyond 1.5 Cmes the interquartie range ate
_ shewn nted. IF there aie more then 20 sampies in the sxperiment, a tabie with al s2mnies vl be shown instead of the Frofie Ploz,

2. Expadinent Groupng
3. Ak Flos ANDLS, GBS JDENTIPIED_COMPCUNDS sxpariment, No, of samgle(sh: ¢

Summary Report R E ¢

%, QC on samplss

Experiment Grouping b B i
Filter on Flags -
Filter by Frequency
QC on Samples —
Significance Analysis ;T

Fold Change

ID Browser identification

201

NG RWNE

104

taormalized Imensity Yaue:

0
2.005: Mormalzation 010408-006: Normalization 010408-007: Norrnalization 010408-008: Normalizati

Al Samples

-m < li4 Next x> || Fish -Canml

If < 30 Samples then Profile Plot (shown above) is Generated Baseline
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Mass Profiler Professional

Guided Workflow Analysis — Step 2: Grouping

Rl Guided Workflow - Find Differential Expression (Step 2 of B)

Steps Experiment Grouping
Experiment parameters define the grouping or replicate structure of your experiment. Enter experiment
1. Summary Report parameters by clicking on the "Add Parameter" button. You may enter as many parameters as you like,
_ but only the first two parameters will be used for analysis in the guided workflow. Other parameters can
be used in the advanced analysis. You can also edit and re-order parameters and parameter values here.

3. Filter Flags
4, Filter By Frequency Displaying 26 sample(s) with 1 experiment parameter(s). To change, use the button controls below.
5. QC on samples
6. Significance Analysis |
7. Fold Change “Samples
8. IDBrowser Identifica... |[|ESI+_CS_Calif_1

ESI+ _CS_Calif_1_FK USA

ESI+ _CS_Calif_2 USA

ESI+ _CS_Calif_2 USA

ESl+_CS_Fran_1 FRA

ESl+_CS_Fran_2 FRA

ESI+ _CS_Italy_1 ITA

ESI+ _M _Calif_1 USA

ESI+ _M _Calif_2 USA

ESI+_M_Fran_1 FRA

ESI+_M_Fran_2 FRA

ESI+_M_Fran_3 FRA

ESI+_M_Fran_4 FRA

ESI+ _M _ltaly_1 ITA

ESI+ _PN_Calif_1 USA

ESI+ _PN_Fran_1_01 FRA

ESI+ _PN_Fran_2 FRA

ESI+ _PN_Fran_3 FRA

ESI+_PN_Fran_4 FRA

ESI+_PN_Fran_5 FRA

ESI+ _PMN_Fran_6 FRA

ESI+ _PN_Fran_7 FRA

ESI+ _PN_ltaky_ 1 ITA

ESI+ _PN_ltaky_2 ITA

ESI+ _PN_ltaly_3 ITA

ESI+ _PN_ltaky_4 ITA

[ Add Parameter... ][ Edit Parameter... ][ Delete Parameter ]

03 Maig 2018 [ <« Back ][ Next > ][ Finish ][ Cancel ] . Agilent




Mass Profiler Professional %m\

Guided Workflow Analysis — Step 3: Filter on Flags

m Guided Workflow - Find Differential Expression (Siep 3 of 8)

Steps Filter Flags
If flag values are present, entities are filtered based on their flag values. Otherwise, entities are filtered
1. Summary Report based on their signal intensity values. To change the filter criteria, click on the "Re-run Filter" button.
2. Experiment Grouping
_ Displafying 14502 out of 14502 entitigs where atleast 1 out of 26 samples have flags in [P, M]. _ Can be used tO fllter Out entltleS WhICh are
4, Filter By Frequency | w E— B .
——— rarely detected, therefore not very reliable
6, Significance Analysis
204
7. Fold Change
: dentifica... 1 1 1
- Similar to filter by frequency
10 1

14502 entities retained out of 14502

z

<

£ 0

§ B Filter Parameters

§ Acceptable Flags

s Present

Marginal
R [[] Absent
Retain Entities in which-
() at least out of 26 samples have acceptable values
20 () at least % of the values in any out of 3 conditions have acceptable values
[FRA] [ITA] [USA]
Country

[ << Back ][ Mext > ][ Finish ][ Cancel ]
Filter on “Present” and “Marginal” (saturated entity)
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Guided Workflow Analysis — Step 4: Filter by Frequency

\Guided Workflow - Find Differential Expression {Step 4 of §)

Steps Fiter By Frequency \
Entities are Flered based on their Frequency vales. Define the siringency of the fiter oy seledting the minmum percentage of samples nowhich
1. Summary Report entity must pass the fer or by selecting the minimum percentags of samples within 3y x 0wt of v conditions inwhich the entiy must pass the

fker Tochange the fik . Re-run Fier” dutton

EEmmpe— e e
Bfleri, - -

S. QC on sampies
& Spfanc s 1547 entities retained
7. Fold Charge 201
3. DBrowser Iderkfca. T Out Of 14502
104
E / A Filter Parameters @
E M Fiter Parameters Filtering Conditions:
£ 0 = Fhering Condbions
= kg?fiww Retain entities that appear in at least 100.0 %
§ ) of samples in cely one condd]
0 ousmnzemeell () OF 8l samples
) of samples vithin each condd
() of samples in only one condition
= , ™~ \ (%) of samples in at least one condition
[FRA} ra] [usA]
- () of samples within each condition
Re-nun Fkter
[ <<oak | [ next>> |[ Fnsh | [ concel | | QK Cancel
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Mass Profiler Professional

ﬁ MassProfilerPro A
41 3 .-: .

Guided Workflow Analysis — Step 5. QC on Samples

» By default, each sample is plotted according to its
values for the first three Principal Components

»Principal Components are vectors that capture the
most variance in the data.

» Assumption: samples within an experimental
condition should be more similar to each other than
to those from different conditions.

» Expect to see samples from the same experimental
condition to group closer to each other than to
samples of a different condition

03 Maig 2018 IDAEA-CSIC

Qc on samples

Sample quality can be assessed by examining the values in the PCA plot and other experiment specific quality plots.

Displaying 26 out of 26 samples retained in the analysis.

3D PCA Scores

<Axis

Y-Axis lComponent 200 |

£l
Color by Country

Y-Axi

_J .

°e
-5

% @0

@
@ @

@
@
: . L-Axis

Z-Bxis _Component £ P v

~ Samples Country
|ESI+ _CS_Calif_1 LUSA ~
ESl+_CS_Calif_1_FK USA B
ESl+_CS_Calif_2 USA &
ESl+_CS_Calif_3 USA
ESI+_CS_Fran_1 FRA
ESI+ _CS_Fran_2 FRA
ESl+_CS_Italy_1 ITA
ESl+_M_Calif_1 LUSA =

Lege

B FRA
| ITA

W Usa

Description

Algorithm: Princ

Parameters:
Column indices
Pruning option
Mean centeres
Scale = true
3-Dscores =t
PCA on = Colu
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Mass Profiler Professional

PCA is a variable reduction Method

GDSBZ Soﬂbd GSM1 1 79 (raw)
TT T T a8 ek
10 100 1 UUO

An eigenvalue-eigenvector decomposition is performed on the covariance matrix

of the entity expression values around zero

The eigenvector corresponding to the largest eigenvalue is called the first
principal component

Successive principal components are eigenvectors corresponding to each
smaller eigenvalue

IDAEA-CSIC
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MassProfilerPro

Guided Workflow Analysis — Step 6: Significance Analysis

88 Guided Workflow - Find Differential Expression (Step 6 of B)

Steps

1. Summary Report
2. Experiment Grouping
3. Filter Flags
4, Filter By Frequency
S. QC on samples
& saniicsncs Andyss
7. Fold Change

8. IDBrowser Identifica...

Significance Analysis

Entities are filtered based on their p-values calculated from statistical analysis. To apply a new p-value cut-off, click on
“Re-run Analysis" button. You will not be able to proceed to the next step if no entities pass the filter.

Displaying 530 out of 1547 entities satisfying corrected p-value cut-off 0.05. To change, use the "Re-run Analysis” button below.

_Differentialgg— ession'Analyzis-Re'pg'b‘ 5

Test Description

Selected Test :
p-value computation:
Multiple Testing Correction:

Result Summary

s

Oneway ANOVA
Asymptotic

Benjamini-Hochberg

Fal
Corrected p-va... |

1547|

P <0.05
530|

P <0.02

P <0.01
394|

343|

P <0.0050 P <0.0010
233 140

Expected by ch...|

26|

7l

3

1] 0

# Entities by Chance False Discovery Rate

i

gnmpﬁun‘d

p-value

_Corrected p-value

313.9968@0.7160694

1.3533638E-4

0.0013595155| A

457.1805@0.89390373

5.532001E-4

0.0037047642|—

369.1633@0.9154259

0.0011521976

0.0058633215

342.1169@0.93180096

0.0055246614

0.021473998

259.1059@0.96792954

0.0068118055

0.025515407

277.1169@0.9682527

0.014392788

0.044177864

240.1479@0.9680382

0.004107683

0.01663504

189.1007@1.0129546

6.9314125E-4

0.0042267763

129.3197@1.0502836

0.007812585

0.028101565

190.0157@1.058558

0.0040005837

0.016372759

260.0303@1.1603673

0.0032870115

0.014203929

122.0742@1.1728247

0.011550421

0.03746017

122.0405@1.1932591

8.423912E-4

0.004704618

200.0797@1.2358472

0.0012501734

0.0061789723

A7 O0ACAH) IADIACILO

N 0O1AIINT2

N NOA2TQI0IE

Re-run Analysis

[ << Back ” Next = ][ Finish ][ Cancel ]

¥ Guided Workflow

Steps

1. Sumesary Report

Depending upon the experimental grouping, Mass Profiler
Professional performs either T-test or Analysis of Variance

(ANOVA) based on the samples.

Find Differential Expression (Step 5 of 8)

Significance Analysis

2. Bxperrmant Grougang

Disployng 4762 nk of 13555 entities satisfyng coerectad p-value ar-off 0.05. To chargs, use the Re-run Analysis™ button below,

Entbos are fiRtered based on ther povalues calodsted from statutical analyss, To aoply & new pvalus 0<ff, deck on Reeun Analyss” button, You vl not be able to
proceed Lo the et step ¥ 1o erkies pass the flter.

3. Q€ on samples
4. Fltes Probesets Dfocerkial Expeossion Analysis Report, By Mokanofit. B
T
Selected Test @ T Test unpared
&, Fold Change prvalue computation: Asymptotic 41
.60 Mutiphe Testing Correction: BerjamineHochberg
8. Find Sigrificent Path. .. Reo® Sureary
Il ®
Pl P<00S P<002 P<00! P<l.. Pel.. - -
rCol 13558, 4762 081 2004 1326 4 i
RO i sl was| wes izt om| o #
FOSIS | awi| iz w0 ww e aW  §
FC>20 1257, §13| 398 346 28] 172 S
FC>30 | 617, 219 160, 139 12z 85 =1 o ™
Toaded.. | E<] 31| @ () ol & ¢
9 g
A22 P2 1001133 1003673.. |148991 down -~
A23 Pl 000164 001055124533  down
A23 FS. |0.00237. |0.01324.|2.62815 |up
A.23.P2. |577787.|0.00554_| 111680 _down
A23 P2 (000222001268, (129388 Jup | — v
A23.P3. |294803.]0.00375. |162866 down 8 -6 &
|A.23 P1_|8.36640. | 0.00688. 147925 |down
A23.P3. 289185, 1000105 |156118 |up
A23 PG, | 0.00762..10.02779 | 1.112479.down log2{Foid change)
A2z Pl 1000967 003289 .| 9713094/ a0wn |
a3 A0 1€ ariAR Lo OnEis LA A0 e b Select par | [Expersraneal] ¥s [Cortrel) v
Re-run Analyss

03 Maig 2018
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Mass Profiler Professional [5@\

Guided Workflow Analysis — Statistical Tests

One-way Tests: Compare conditions defined by a single parameter (i.e Grape)

Merlot < Pinot Noir Merlot < Pinot Noir < Caber

N-way Tests: Compare conditions defined by 2 or more parameters

2-way ANOVA 3-way ANOVA

Grape Country Grape Country Vintage
Merlot USA Merlot USA  x 2004

Pinot Noir France Pinot Noir France 2006

03 Maig 2018 IDAEA-CSIC :::f::: Agilent
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Mass Profiler Professional

Guided Workflow Analysis — Step 7: Fold Change / Volcano

Find Differential Expressian (Step 7 of B)

tepa Fold Change
Compounds that satisty a fold changs out-off of 2.0 in at least one condition par are cipiayed by defa . To change the Foild change ot-off,
L. Sunmary Repart ik the "Ra-run Fitee™ button, sntar the regured ot-off s renn

4. Miter By Frequency Jfoldshange, : : S PrefiePot by Gow. L
5. Q€ on sampies Compou..| Fold cha..| Regulati.. | Fold cha... Regulat..

213.996 .| 16 Oldown | 16 Oldown ~
& Sonficance Anatyas 457.180...

I
342.116. .. |
6. I0Crowser Idertfica, ., 2532 105
277116
240,147 |
1183 100...
(129319,
150015 |
260.030
133.074 .
122 040
200,079
|187.084. .

145.120...
157.074, .
337.138.|

|

Normahized Imtansity Values

218126,
187 084. .
284 046
294.158
174.100.
233.126.. | 1. g
< S Country

[(<cms | [Weess | [ Freh | [ ol |

Filter Sets Fold Change > 2.0.. To more

IDAEA-CSIC
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Mass Profiler Professional

MassProfilerPro

Guided Workflow Analysis — Step 8: ID Browser

Once we have a list of differential features, we
need to Identify them by any library at the first
attempt.

GCMS data is more easy due to available
universal El libraries.

For LCHRMS Vendor or user should create
their own libraries for a confident and reliable
ID.

Entities will be annotated upon return to MPP Program

03 Maig 2018

IDAEA-CSIC

er ID Bro L]
© Fle Edit View Identfication Method,
: 1l1 MS Spectium Resuls < ||: alsM X ||: & Structure Viewer: [+]-Limonene x
l-’ Do 3 4 | Q E ! |JIL J _om/z Abund Charge Sat ‘Stucture | MOL Te;ttg
«104 |Cpd 253: (+)-Limonene 12.166: + MFE Spectrum (12... 2 Sr1as 15281 ! CH3
1381358 1947 1
1.5
1.254 g
14 P
0.75 |
05 s 4
0.25 : >
ol , | , ___| !
137. 137.4 1376 137.8 138
- Counts vs. Mass-to-Charge (m/2) HZC/\CHB
I M5 Spectrum| Results | ‘Spectral Difference Results Cpd 25..| | _I £l >
Compound List x
i Label Name Formula Notes Cas Owerall Score Mass Mas:?f
& Cpd 106: 2,6-nonadienal 6.2... 2 B-nonadienal CIH140 a5 138.1045 i
@ Cpd 113: 2 B-nonadienal 6.5... 2 B-nonadienal CIH140 86.12 138.1044
@ Cpd 354: Salicylic acid; 7.41... Salicylic acid C7HEO3| Analgesic, Anti-Inflammatory, &.. B9-72-7 76.94 138.0323
[ » Cpd Limonene 12.16.. [+}-Limonene CI0H1E
# Cpd 206: p-Cymene 10.073;.. p-Cymene C10H14 75.29 134.1095 =
é-] Cpd 268: p-Cymene 12.758;.. p-Cymene C10H14 91.31 134.1096
é Cpd 146: Glutaric acid; 7.580... Glutaric acid C5HB804 Endogenous Metabolite 110-34-1 86.8 132.0424
@ Cpd 32: 2-oxoisocaproic acid... 2-oxoisocaproic acid CEH1003 Geigy vol.3 p.103 816-66-0 8312 130.0631
Li:] Cpd 120: 2-oxoisocaproic aci... 2-oxoisocaproic acid CEH1003 Geigy vol.3 p.103 816-66-0 79.97 130.0631
[Q Cpd 213: 2-oxoisocaproic aci... 2-oxoisocaproic acid CEH1003 Geigy vol.3 p.103 816-66-0 85.01 130.0624
1+ Cpd 34: Mesaconic acid; 2.8... Mesaconic acid C5HE 04 Citraconic acid, Methylfumaric... 458-24-8 93.83 130,027
@ Cpd B0: B-hydroxy-2-hexynoi.. E-hydroxy-2-hexynoic acid CEHBO3 71.35 128.0474
- Cpd 417: 3-octenal 12.657; C.. 3-octenal CaH140 85.36 126.1047
& Cpd 83: Hydroxyhydroguinon... Hydroxyhydroguinone CEHEO03 Metabolite of quinal 533-73-3 86.77 126.0318
@ Cpd 382: Hydroxyhydroguino... Hydroxyhydroguinone CEHEO3 Metabolite of quinal 533733 B5.41 126.0316 ~
R ) >




Mass Profiler Professional T

Guided Workflow Analysis — Step 8: ID Browser - Return

m Guided Workllow - Find Differential Expression (Step 8 of 8)

Sheps IDBrowser Identification
To wdant fy the Entities that passed th fokd changs cut-off with 30Brovser dick on the “I0Erowser Tderntifcation” button,

2. Lxperment Groupng 1 £ E PR o m Guided Workflow . Find Differential Expression (Step 8 of B)
3. Pter Mogs Stepe IDBrowser Identification
4. Piter By PMequercy To entsfy the Enttaes that passad the fold changs out-off with 108roawser chck on the “ID8romser Sdenbification” button,

1. Summary Report

2 S0k U0 | (engy gt vith Kbroveer

£69.163380.915... ‘ 3, Fiter Flags
7. Fold Change 342.116980.931 1 4. Fiter By Fraquercy

5. QC on zampies 343 9968@0.716
&. Signficance Analyss

)
277.116960.968... | 5,0C on sples 16 ﬂ'dm
240147960 966... | &. Sgrficance Anslyss ! L 10lup
189100781 012 i His val Asp [ 3 48up
(b iuniv el Sucrose &.0| |down
[{CILHI7 N 06
i Quewine

4281172, H2ONZ 03\ 1% Ojdown
12; 0405 @1, 183 [CB H15 N 04 \ | 4 62lup
200075791235 | 1.56up _ ! [1293137@1.050 [ 16 0/down ]
1187 0B4B@1 242 ‘ ICAHENA 035 I §
43295 7,4_{17“357 | noshol phosphate {
290 147@1.2468 | | 5 HI1IN 03 |
145 1208@1.274.. | C4H10025 | ,:
157074281262 Barbaurc acid, S-e ‘ =3
337.1383@1 401 N-(35-trydrory-but.
208 094991 387, IC3OHION2 S ‘ ]

103 121 35B8464
323.15B84%1 465
442 242281 689

IC1E H22 1 g
[ |lcersmzo |

Ehosuximice ¥ 7

+
1
1
1
|
{
4
4
4

226.095681 706 C14H27N 0452 | 16 0]

218.126981.768... C8 H16 06 1 431up

187 0B4561 814.. CSHIINO l 11 28/down I
284 046701 874 s Pro His : 1

N (s ]

294 158491907 . | [C15 38 011 ] | 1
174100362 0179 | Porphotiinogen |
232 126582156 Ser lle ] 16 Ojdown
20 063192 650, /| N-(35-hydcoxy-but. ‘ 2 430up
. 06BEE2. 769 1 CIIHIZN2 055 | 422jup_
] 027@2 BOGY B‘ | T lie | 16 l‘ndown
48N\ 22 0182 Bk N2-Acety-L-omith |
CLOHII N OS [

2 - 0X0IS0CHDIOIC 4G

- lsopropramalic o
., %{i%%“{%:{’;g;# ! I 160w,
Entities annotated return to MPP Program e ] " wot>> | (o] (e ]
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w
Agenda -<.= Agilent
°
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . frusted Answer:
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
o  Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.
o  ¢éNecesito andlisis recursivo a través de iteracion? Por favor hagamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.
o  Mass Profiler professional. Andlisis Diferencial a través de Interpretaciones, Clustering, PCA, PLRS, modelos de prediccion

o  Asi, éCuales son mis compuestos diferenciales de interés? ¢ Como puedo identificarlos? Librerias empiricas de espectros MS/MS. Agilent METLIN PCDL.
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So, what are my compounds of interest.... Where can ldentify them?
Curated or Free MS/MS Libraries. Agilent METLIN PCDL.

PCDLs by Compounds & Spectra

Compounds Total
with AM Compounds
LC/MS PCDL Market PCDL MS/MS number of with RTs
Spectra
Spectra
Forensic Toxicology Forensic >9,200 >3,900 >13,500 0
Toxicology
Pesticides Food Safety / >1,700 >800 >2,700 0
Environmental
Veterinary Drugs Food Safety >2,100 >1,500 >5,200 >120
Mycotoxins Food Safety >450 >300 >1,300 0
Water Contaminants Environmental >1,400 >1,000 >3,900 >260
METLIN* Metabolomics / >79,600** >9,400 >32,000 >680
Lipidomics
NIST 2014 MS/MS General >9,300 >9,300 >234,000 0

*METLIN numbers exclude tri- and quatra- peptides in the online METLIN
** Plus 168k theoretical
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Why Is Curation Important?
More isn’t Always Better

An open-source database may contain over a million spectra

But how many of those spectra are:

Relevant to your application? _ _
Not all Databases and Libraries are Created Equal
Duplicates, triplicates...?

Collected under questionable conditions?
Contain inaccurate metadata?

Non curated or poorly curated databases and libraries costs you time, money and uncertatinty

Questions Laboratories don’t want to ask:

*  Which of these entries is my molecule?

* Are my identification match scores meaningful?

e Can | trust this source?

* There must be valuable information here.., but where?
* Is this even relevant to my application?
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How to Identify the Right Database and Library

Agilent made a huge effort to create Databases and Libraries to ensure results are reliable

Advantages include:

* Developed by experts

« Designed to high standards
« Turn-Key and fully integrated

The PCDL Curation Process

There are four primary steps in the _
development of an Agilent database or 1. ldentify the target compound list in collaboration with leading

library: experts

2. Create the compound database with verified information for each
target entry

3. Collect mass spectral data using high purity reference standards

4. Create the library with spectra curated according to Agilent’s
rigorous quality control curation process
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Collaborations with Leading Experts
What’s Relevant — the Importance of Targeted Compound Lists

When searching for trace compounds... ...do you really look everywhere?

Designer
Drug Flame
Retardant

Environmental
Contaminant

Plast|C|zer

Anabolic
agent
Bacterial
Metabolite

Food
Additive
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Curation — Building the Compound Database

Sl Yew JOIL  Confgwation Links  Hele
PhintComgrenh i 4 WS4 T W
P —— [ |
Componds swmcy et Mt eve oot " seeth reee T~y
¥ e rmten Vagn 03 ® o ria
Nost ret cotan il Wk onind " o' -
T a9 ne
@ Sawch oy vable shares Sewcn o coleww O pecs W OC8
B [ . Somp [ Pk Con e A Dwsiow wETUN =3 e e PR [
TAS Tttt ybogtew s ety CTREOOF s sy "_7 uy Iy rsticatan/irwriion &
FADCA / A Dctiarswien CRCON 162 57 1) a0 x4 Claemy FADHcowdre 0
24w s CTHIOND 138 0 . 17 dn s g ¥ty | Jewowetone 0
2EDdmber o o CTRIO02 158 15 25 o LA bt 000 0
- - R ] CE0 T onNT breet ~2 ] 2534 ) AT g 0
Chemical List - F et A
CEMI00 122876 IRETR mmn o 0
CRrend 18502  r243 ] h L e (n i) 1ADx il
CEHN A 180G HSca] () L dortrore i
G 20000 | %t ' o 148l oy donpuyipred )
CIMRIO4 20N Ris2 is | Mmtyh 2 4 Srtmbwrsene ]
Common Name - 1006 hits
& ~  Fomula Mass Hﬁqﬁ’n‘g"” Cation  Anion CAS ChemSpider METLIN
Compou nd Information shosphinic acid ethy... C18HZ103FP 31612283 24434117 10710138
2 4-DCA / 2 4-Dichloroaniline CEH5CIZN 160.57591 554-00-7 13860817 70047
e 2 A-Diamincaniscle C7HIONZO 138.07931 §15-05-4 11481 72941
2 4-Dichlorobenzoic acid C7HACI202 189.95883 50-24-0 EEE3
2 A-Dichlorobenzylalcohol CTHECIZO 175.97957 1777-82-8 14918
b | 2.4-Diethylthioxarthone C17H1605 268.09219 82733-44-8 109489
2 4-Dimethylphenal (2 4-¥ylenal) CEH100 12207316 105-67-9 13835123
2 A-Dinitroaniine CEHENI04 182.02801 57029 7045 70252
2 A-Dinitrophencl CEHANZO5 184.01202 51-28-5 1448
2 A-Ditert-butylphenol C14H220 20616707 96-76-4 7037
2 ADNT / 2 4-Dinitrotoluene CTHENZ04 182.03276 121-14-2 8150
2 4-¥ylidine (2.4-Dimethylaniline) CEHT1N 121.08915 55-58-1 13865462
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Curation — Building the Compound Database

S Yew FOIL Confgustion Lok Hels
’Vvvd(on‘-um JT S efiah T ow
Comparty [P — v it
Componrats eemcy tats Mt ane coten o seeth rede Tolorarces
¥ ek rmten Van 03 ® o ria
St sation & ek ovre a7 o -
¥ route e L n»
@ Sawch ony vable chares Sewn o citurww Wekapecs | W OCS
] - - vae - i Comn Awe  CAS Do weTuN =56 e e PA [
hoow 1% 123 11 iy v etk baphervtion . §
Structure and | wm g S o :
s [ Lo ] E e Ldn e ti g ety | Jewow et 0

. Notes Area

E&L compound; Paint additive; Coating additive; Photoinitiator; Printing ink componernt

Synoryms: 2.4-— 7 ZEEMEE A28 | &5 DETX, Chemcure JETX: DETX; 2 4-Diethythicxanthen-3-one; Esacure DETHK; Genocure DETHX; JRCure DETX; Kayacure DETHK; Speedoure DETH
SWISS Ordinance (SR 817.023.21)

Deleted CAS: 153859-04-2; 162774-734; 676327-53-6

Nerae

TAL comgaurst Pert addtve T Py e

Syronpms 24 =2 2PN f3 MM DETX Owecun 11X DETX 3 $Ostutrcrtwe-3ore, Daacios DETX Cecocs DETX J0us DETX Kapacow DETX Soeadosn OETX

W55 Ondnerea (SR D700 370
Debens CAS SUS9042 WIS T34 DN 084

Bt | MOL Ten

O3
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Collection and Curation of MS/MS Spectra
Carefully designed experiments and curation protocols

Data collection Curation
* Flow Injection Analysis (FIA) of pure standards or « Correction to Theoretical accurate mass
purified isolates _ _ _ _
+ Inclusion of commonly analyzed adduct species » Filtered for signal intensity and curated for spectrum

: - . noise and chemical impurities
» Collected at multiple collisions energies, ion modes,

and ion species

+ES| MS2 QTOF F\-":WI CE=10 (M+H)+ I
g 1004 268,
3 751 100.00
R 241.06816
2 | .
23 424
50 60 70 80 S0 100 110 120 130 140D 150 180 1¥0 180 190 200 210 220 230 240 250 260 270 280 290
miz
+ES| MS2 QTOF F\.f—sml CE=20 (M+H)+ I
2 1004 269,
R 24106816 10,00
T . 53.93
| 1 213.03687
= 25 1061 ‘ 2532;%?15
0= T r r r T T T T T T T T r T T - —— } i T r T
50 60 70 80 80 100 110 120 130 10 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
miz
+ES| MS2 QTOF F\-":WI CE=40 (M+H)+ I
g 1004 184.03412 21303687
= 754 7362 .00
2
S 50 24106816
2 ] 77.03857 9105423 109.01065 137.00557 165.0638 278 269.03948
04 3_118 4".‘6 .4'?3 4'?9 1 5'?6 \ 1 b | | |||| 1 118
50 60 70 80 S0 100 110 120 130 140D 150 180 1¥0 180 190 200 210 220 230 240 250 260 270 280 290
miz

03 Maig 2018 IDAEA-CSIC 4.5 Agilent



Mass Profiler Professional
After Guided Worklfow

m Mass Profiler Frotessional - ES] + Guided

|| €31 + Guided

S}l =8 profile Plot

| (i) Clasificacion Yinos
=4 Experiments
|| ESI + Guided

N Experiment Setup
3-Choose Plot ‘ J Quick Start Guide

Experiment Grouping

Create Interpretation

Quality Control }

i, ESI + Guided =l lx] fnalysis }
| & (] Samples
(=3 Interpretations Class Prediction

Qlil Al Samples 1-Choose Interpretation

~a w

gl_ﬂ‘ Country (Non-averaged) ~ El Results Interpretations
“-l)| Country rd g
(=i Analysis =

@ E] o Utilities
= =
(=44 Filtered on Flags {accCalls=[P, M), filterCondision=[samples, [1]]} .“E' 0-
=-/=" Filtered by frequency ['conditiops', [100.0, 1]] =
~1=] Oneway ANOVA, p<0.0S N
“--[=" Fold change >=2.0 T
{3 My Favorites g
v 2
2-Choose Analysis Legend 2
Legend - Profile Plat
Color By [FRA]
204!
; ; I -9.4 0.9 11.5
[FRA] [ITA] [USA] Description
Launched on interpretation: Country
Country
[ | Displaying 14502; 0 selected \ \ | 192Mof 216M | i
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Mass Profiler Professional

Listing Entities

1l EST + Guided = ltix &2\ Entitylist Inspector @
&[] Samples
E}@ Interpretations Marne I Fold change »>= 2.0 ]
?I‘!“‘ All samples Motes | Created from guided workflow step :Fold change analysis A
@il Country (Non-averaged) EntityList :Oneway ANOVA, p<0.05 23
@Iu} Country Interpretation :Country =
=5 Analysis Experiment :ESI + Guided
=24 all Entities Fold-Change cut-off :2.0 [
i=-{= Fiered on Flags {accCalls=[P, M}, filterCondition=[samples, [1]]} Creation date | Thu Oct 28 18:15:06 CEST 2010 |
EJEj Filtered by frequency ['conditions', [100.0, 1]] o
== Oneway ANOVA, p<0.05 Last modified date | Thu Oct 28 18:15:06 CEST 2010 ]
B ealrold change »= 20 Owner [ gxuser |
..... 3 My Favorites Highlight List
= Technology | MassHunterQual.LCMS_UNIDENTIFIED_COMPOUNDS.ESI ]
| Inspect List -.I.
i \ Mumber of entities | 511 |
xport Lis ;
Translate list [:Inspe:]ct L Expetiments |ESI + Guided
Copy
Remove List
Delete List Entities | Attributes |
Share List Compound| Fold chan..|Regulatio...| Fold chan..| Regulatic...| Annotatio..| Mass |
e C18 HE N... 16.0[down 16.0{down [C18H6...|313.99680 A
- C17 H31 ... 1.10{up 2.71jup [C17 H3...|457.18051
His val Asp 2.48/up 16, 0/down His Val As...| 369.162320
Sucrose 16.0/down 16, Ojdown Sucrose [ ... | 342.11691
C11 H17 ... 5.59\up 16.0{up [C11H1...|25%.10590
Queuine 1.68up 16, 0jup Queuine [ ...| 277.11691
C12 H20 ... 1.23up 16, 0|down [C12 H2...|240.14730
C8 H15 N... 1.58/up 4.62/up [ C8B H15...| 189.10069%9
129.3197... 2.47\up 16.0/down | 129.31970%
<l i ] ' | >
Find: [ I () Find Next (2 Find Previous [ ] Match Case
I Configure Columns I
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Mass Profiler Professional

Exporting Entities

e Export Inclusion List {Step 2 of 2)

Filtering Parameters for Inclusion List

Filtering Parameters for Inclusion List Quality Control on Samples

Filter by Frequency
Inclusion list creation Filter on Sample Yariability
Retention time window: + 0.0 |% + I 0.25 Imin Filter by Flags
Filter by aAbundance
[] Limit number of precursor ions per compound ta [: ion(s) Filter by Annotations
[] Minimurm ion abundance O | counts Analysis
Exported mjz value Statistical Analysis
! ; Filter on Yolcano Plot
(%) Export monoisotopic mjz Fold Change
() Export highest abundance mjz Clustering
Positive ions Charge state preference Find Similar Entities
+H () Prefer highest abundance charge state(s) Praxinel Compoosnl de..
[]+Na Find Minimal Masses
C]+k (%) Specify charge state preference order
[ +nH4 Inactive Hetiie Class Prediction
2 1 Build Prediction Model
g3 | ) Run Prediction
o (=]
Megative ions Unknown @ L= R lts Int tabe (v)
esults Interpretat... ¥
Cl+c Pathway analysis
[]+Br Find Similar Entity Lists
[[]+HCOO Find Significant Pathways
[] +CH3coo Extract Relations via NLP
[[]+cFacoo
Export for Recursion
IDBrowser Identification
Export for Identification
Ten Export Inclusion List

Inclusion list for Target MS/MS on QTOF
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Mass Profiler Professional

MPP Advanced Workflow

« Use of Experiment Browser

Experiment Setup
Quick Start Guide
Experiment Grouping:

‘User defined Interpretations
‘User defined Analysis

Create Interpretation

Quality Control

*Free use of Advanced
tools & Utilities

Quality Control on Samples
Filter by Frequency

Filter on Sample Yariability
Filter by Flags

Filter by Abundance

Filter by Annotations

) T 7 A e s S T
o o) s

s fremie 0ms

Analysis
Statistical Analysis
Filter on Yolcano Plat
Fold Change
Clustering

Find Similar Entities
Principal Component &nalysis
Find Minimal Masses

03 Maig 2018 IDAEA-CSIC

@ MassProfilerPro Ny
| 5 ,'.- .

Experiment
Browser is
designed

following usual
workflow
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Mass Profiler Professional %m\

Analysis- Parametric Test
Parametric test Non- Parametric test

A
Does not assume normal distribution
A Does not assume equal variances

Ranks the order of normalized data across
s g P T Y o Ol conditions for analyses
Expression of Entity X

Frequency

With small number of replicates, non-

Bell shaped |dist3tribUtir10n parametric tests have less statistical power
Symmetrr']fg‘aﬁ out the than the corresponding parametric tests

MPP assume that you
have sampled from
populations where

expression of Entity X

follows a normal / P-value Calculation Methods

distribution

Asymptotic Method Permutation Method
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Mass Profiler Professional N—
Multiple Testing Correction . P-value Cut-off [gm\ E

5HT1c 0.002364
NFL 0.002649

What type of error you are more b o

comfortable with — B 2. . p.yalue=0.05

5HT2 0.106591
Brm 0.137903
SOD 0.147089
mGIluR2  0.174708

Type | Error (false positive): GFI 022050

Calling entities differentially meues st

expressed when they really are not sEr00, 0 30

Type Il Error (false negative): .

Not calling entities differentially

MK2 0.630177

expressed when they really are mors 058100

PDGFa 0.659352
IGF.II 0.683554
CNTF 0.690512
nAChRe  0.701041
IGFR2 0.728141

Choice of cut-off trades off e vem o

NT3 0.78811

between type | and type Il errors oo differentially

mMGIuR5 0.8305 eXp I’ESSEd

cjun 0.839991

Ins2 0.841945

MAP2  0.851833 unc hang ed
neno 0.879299

GRbl  0.888485 between
TCP 0.892361

GRb2  0.900601 pop ulations

S100beta 0.930265
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Mass Profiler Professional %m\

Multiple Testing Correction

1 entity = 1 individual test

* 10000 entities = 10000 tests
With p-value = 0.05 and analyzing 10000 entities: 500 entities (0.05 x 10000) likely to appear significant by

chance
— Number of false positives increases proportionally to number of tests being performed

Performing multiple testing correction further decreases the number of false positives

More false

= negatives

Bonferonni FWER
Bonferonni Holm FWER
Benjamini Hochberg FDR

No Correction

More false
positives

> Family-wise Error Rate (FWER) - Very conservative and does not tolerate any false positives
> False Discovery Rate (FDR) - False positives a percentage of called entities

> None - False positives a percentage of entities being tested

44+ Agilent
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Mass Profiler Professional gm\

Multiple Testing Correction . Post Hoc Tests

Decreases rate of false positives, only available in MPP for one-way ANOVA tests
MPP test options:

Tukey’s Honestly Significant Difference (HSD) test
Student-Newman-Keuls (SNK) test

Test Description

SME Post Hoc test, Entities Found ko be differentially expressed
in the blue boxes, while entities Found not to be differentially e
represented in the orange boxes, To save entities of interest as
seleck one or mulkiple boxes and click on the "Union” or "Intersec

Pink boxes contain Result Summary

entities YVhOSG Group Mame [Pinok Moir] [Cab 5av] [Merlot] Blue boxes contain

e?(]c?res.5|onf.doesl not Finct Noir] |3 2 s entities whose

differ S|gn}: icantly [Cabsav] |t 39 25 expression differs

betwggnt e two [Merlat] |27 14 39 significantly between

conditions the two conditions
Umion Inkersection

44+ Agilent
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Mass Profiler Professional

CLUSTERING

Clustering is an unsupervised method for identifying patterns within
datasets.

1) What do you want to cluster together?
2) What similarity metric to select?

3) What clustering algorithm will be applied?
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Mass Profiler Professional gm\

Hierarchical CLUSTERING

11l 11 ]

N " .

N . Overview:

0 o
£-==- —  Hierarchical clustering algorithm can be
e used to group entities and conditions
| e : based on the similarity of their expression

[ | = -

1 S profiles
[EEEEE - -E « Performing Hierarchical clustering on
f-=== .- B both entities and conditions result in a 2-

_E ====@ dimensional dendrogram

- S » Most similar profiles are joined together
[E B Into a group and groups are further joined
= N in a tree structure until all data forms a

o i B - single group

I . - I I

= I

; S-S

i e IIII

=
Ao bd_S
P _ 800, cml
Y
AL
AL
2
FY

A
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Mass Profiler Professional

K-means CLUSTERING

1 7 MassProfilerPro :
41
[ém\ ;

Groups of Compounds that behave similarly

Overview:

Cluster - Cluster D

Cluster - Cluster 1

* User chooses K, the
number of clusters to
partition selected entities
or conditions into

* Algorithm attempts to
minimize intra-cluster
variability and maximize

-10 4

[Infected] [Uninfected]

inter-cluster variability

Cluster - Cluster 2

104

-10 4

L] T
[Infected] [Uninfected)

101
5
0 %—é
-5 -
-10 4
[Infelcted] [Uninflected]

03 Maig 2018 IDAEA-CSIC
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Mass Profiler Professional

Patways Analysis

e Export Inclusion List {Step 2 of 2)

Filtering Parameters for Inclusion List
Filtering Parameters for Inclusion List Quality Control on Samples

Filter by Frequency
Inclusion list creation Filter on Sample Yariability

Retention time window: % 0.0 |% + I 0.25 Imin Filter by Flags
Filter by aAbundance
[] Limit number of precursor ions per compound ta [: ion(s) Filter by Annotations

[ Minimurm ion abundance 0 | counts Analysis
Exported mjz value Statistical Analysis
; : Filter on Yolcano Plot

(%) Export monoisotopic mjz Fold Change
() Export highest abundance mjz Clustering
Positive ions Charge state preference Find Similar Entities
+H () Prefer highest abundance charge state(s) Brodesl Canpaneit Are
[]+Na Find Minimal Masses
C]+k (%) Specify charge state preference order
[ +nHa naction Hetiie Class Prediction

2 1 Build Prediction Model

!3;3 | (5] Run Prediction

V"]

Megative ions Unknawn e i K—’j -
-H n : ey <
[+l Pathway analysis
[]+Br Find Similar Entity Lists
[J+Hcoo Find Significant Pathways
g :g::ggg Extract Relations via NLP

Export for Recursion
IDBrowser Identification
Export for Identification
Export Inclusion List

Import Annotations

Inclusion list for Target MS/MS on QTOF
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M
Agenda -<.= Agilent
-
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . frusted Answer:
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
o  Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.
o  ¢éNecesito andlisis recursivo a través de iteracion? Por favor hagamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.
o  Mass Profiler professional. Andlisis Diferencial a través de Interpretaciones, Clustering, PCA, PLRS, modelos de prediccion
o  Asi, éCuales son mis compuestos diferenciales de interés? ¢ Como puedo identificarlos? Librerias empiricas de espectros MS/MS. Agilent METLIN PCDL.

o Andlisis de rutas Metabdlicas a través de “Pathways Analysis”. Biologia integrada e interpretacion biolégica de mis datos.Pathways Analysis.
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Mass Profiler Professional

EEVYAEWAIE

Pathway Anaylsis allows for Finding Biological Relevance of
differencial entities

]
i)

‘s PE i Pme
* QB @ ol w5 o
Two types of pathway analysis in MPP: SRR 9.0
' R rrr R AT
. . g O B/ e VR = S
1. Find Significant Pathways: e .-;;gf-g ” f
e{fgg{;ftgi}:kb‘“e--e <
Is there a significant enrichment of my entities of #4” = s i+ ®» =
- : : e -0 & B e
interest in a particular pathway? N i R

2. Pathway Analysis:

How do my entities of interest interact in a biochemical network?

44 Agilent
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Mass Profiler Professional

EEVYAEWAIE

BioPAX (Biological Pathway Exchange) is a standard pathway data exchange format.
Pathways in the biopax format will have the extension .owl

MPP users can import pathway data standard pathway sites in BioPAX level 1 or 2 format
www.pathguide.org is a useful website which list repositories of pathways

Patha uicle o iy vesoncss 1
4

Databases for any organism of interest can be created using the Biopax files- Rice, zebra fish,
chimpanzee, dog
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http://www.pathguide.org/

Mass Profiler Professional v

Pathway Analysis — Find Significant Pathway

T Nhe ek snger
= 2 Cxperwanes
i V197 = | P oomind o
‘ vl ShgriSc vt Pothwigs Rouss
Poltwaoms shuming sorduard rverkan with ecdios & S Dty |84 sebociad b onayos a0e dngboned betom. Ty modéy (e evd o s mrae,
L

0 Do S D el arene 3 i (rrium o 1. T nont sk At (ol vy W0 1 g inerd, (A The Frh o 0
e w0 e ) St st T (K SR Sy M Ty D Mg €N

Dugharnrg § L2 C0oocta satf i) coowoded - alee 0.0 ALOS. Te change, Lam e rarsol burtons hebw
3 Aoneptont Mateen §

3. raee0s | I = IF: |
I B e 14 1) otvanted wirbfne PP
it e AN
:? w S Mepestent
)& E Al S
Fract ! L ! Tlawue - Treatment

Faieade dupraden i a | 18 TR
\3t QU8 Timtm - Troatrmend (o vwr ageat)
B SRS L
5
13 - QC erites
(] o M Ty e m wnatyen cunbore snkattnn
8 o W Lk T i Treatment enly
5 o B FoM changm s 20
3 W Mt Patbearpn, o0 08
& % Ntnort Reguntins
1% 3 b sctivation by vty hoamoghda frcen
it 94
- 3% dwianatn iweodeleg by hesalicd s desendent (ovgies o
:» A I i nxeostor wf ity rbasonel tigstmin

Ix o e et
5% becal deperaant (b kg ity
% 1f bots g pethmay
] Dy WOVA Gl 0
| )My Favorted

Is there a significant enrichment of my entities of interest in a particular pathway?

Analysis will be performed on every pathway that has been imported into MPP for the
matching organism and every pathway created in MPP
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Mass Profiler Professional g@\

Pathway Viewer

Layout of entities can be changed — 6 options including cellular view

IDAEA-CSIC
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Mass Profiler Professional %m\

Pathway Viewer

I O I PEPEVE RS LY G

Arginine Q Urea Cycle
rnitine ode-Legen - )
Ornit Node-Legend Edges-Legend Relation-Legend
Citruline
Mg - i E Relations {1 ﬁ
2 [ —
Q Process 3 % ] |]
+&—————— (HCatayt —— Expresdon 7
[§ S NS ] o gL
O Famiy [] <4-———— (+Reguatr —_— Binding g
—&Pp— HTagal 3
“ Complex e ((—));at:::ﬂ —— Requiation 4
-4-&—— (JReguhator n 1 Bindi =
% b Funcion - é:;:;g: ._-'.... e E
Infected Blood A —_— T
Cel I S { : - () Protin — :ar:c:p:m —_— Merrber
@‘ a : f 0 Small Molecule Reactant e RO
\ ——— Regulmor
‘ \ Citrul. (-3 - - :E':;;t ——— Protei Wodification
1300 él “‘ = B Urknawn
& - . ‘l
i & | ®
ul £ &
= v » Non infectected |
| S entes =] et | = idges |
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M
Agenda -<.= Agilent
-
° Enfoques y estrategias analiticas que nos permiten las ultimas tecnologias de LC Mass Spectrometry de alta resolucion. UHPLC QTOF technical details . frusted Answer:
. Agilent proposal Workflows in different scenarios. Diferentes estrategias inherentes a investigacion en el dmbito de Ciencias de la Vida, asi como para el perfilado de
Alimentos, Materiales, Procesos...
° Herramientas de Agilent y flujos de Trabajo para tomar mejores decisiones en un entorno de Biologia integrada. Del disefio experimental a las conclusiones, un
largo camino para ayudar al investigador.. :
o Datos segiin modos de Adquisicion. Complementariedad de las diferentes tecnologias LCMS, GCMS, CEMS, ICPMS
o  Deconvolucion de datos y herramientas de visualizacién. Como funcionan los algoritmos de Agilent para extraer informacion de compuestos de un Full Scan.
o  Preparacion de datos previa al Andlisis Estadistico diferencial. Alineamiento, Normalizacion, “Baselining” con “Mass Hunter ProFinder”.
o  ¢éNecesito andlisis recursivo a través de iteracion? Por favor hagamelo fdcil.... Exhaustivo tratamiento de datos para evitar la Perdida de compuestos.
o  Mass Profiler professional. Andlisis Diferencial a través de Interpretaciones, Clustering, PCA, PLRS, modelos de prediccion
o  Asi, éCuales son mis compuestos diferenciales de interés? ¢ Como puedo identificarlos? Librerias empiricas de espectros MS/MS. Agilent METLIN PCDL.
o  Andlisis de rutas Metabdlicas a través de “Pathways Analysis”. Biologia integrada e interpretacion biolégica de mis datos.Pathways Analysis.

o  ¢éCudl es mi proximo experimento? La potencia del enfoque de la Biologia integrada.
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Classical Biology Process
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The Biology Challenge

“-Omics” Biological Processes

“Classical Biology” approach “Integrated Biology” approach




IBS
Data Integration

2

@

R g e NN £ @@{t@ﬂﬂﬁ{t@ @@{t@

3 i 4. 00k e H ' (AT
vdmitrr , o NN S ”; €. d L.-.--

= - R e ! % 2 . - .:3 'an l' o '. e 1 =
e e S e aER e |
p Losking at r@ﬁs erm @erpretlve value comes from

individuahaisciplines El?i\&cr‘bes sm‘n'scglgg‘ratmg diverse measurements
LaeeONTy partiofithe-pietgre T s within their biological context

.......

5 Agilent
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Workflow Strategy to Address Integrated Biology Studies

UNTARGET TARGET UNTARGET
Genomics | Transcriptomics jProteomics | Metabolomics

oy ST —
aF eTiies 2
*‘- LA -'&..*
'y " - Al X3 m. )
R e el ==
it g

Multi-omics approaches helps a lot to reduce “biological samples noise” and
IMPROVES RELIABILITY OF FINDINGS.

155 03 Maig 2018 IDAEA-CSIC
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http://userpage.chemie.fu-berlin.de/~pleiss/bild1.html

Metabolic Pathways: the Key Link for multi -omics Studies

Iegrat@e View

|ldentify which paths are active.
Reduce biological noise (due to bio-variability).
Suggest New Target Follow up Experiments

156 03 Maig 2018 156 IDAEA-CSIC Agilent



Integrating Biological Analysis Using Pathways

O
e
=




Agilent-BridgeDB
Resolving the Mapping Problem Between Databases

Solves the translation problem of
Identification names to pathway
database names

: H c d List Path Datab
Automatic — does not require user RN o
intervention o

Dextrose «******+., > Pyruvate

- e Hypoxanthing ve; (§)-Lactite

* Metabolites Identifiers Agilent-
I(i!ul.nmzu-.qe B"dgeDB l‘hn:phnennlny'm'.rme

«  KEGG, MetaCyc, PubChem. LMP, e i
HMDB, ChEBI, and CAS boctrae =~ 0202090909090 2 P e » D-Glucose

Xanthing 3-Phoepho-0 . glycsrate

2:-Phoapho.D-glycerate

* Proteins ldentifiers: o T e
e Swiss-Prot, UniProt, and UniProt/TrEMBL

« (Genes ldentifiers:

« Entrez Gene, GenBank, Ensembl, EC
Number, RefSeq, UniGene, HUGO,
HGNC, and EMBL
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Biology-directed Workflows to Targeted Proteomics

Targeted Proteomics

Transforming target proteins to target peptides

Spectrum Mill and/or Skyline

List of target proteins

Pathway Architect

MassProfiler Professional GeneSpring I

Spectrum Mill .
| |
- Discovery : :
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Biology-directed Workflows to Targeted Proteomics

Targeted Proteomics

Transforming target proteins to target peptides

Spectrum Mill and/or Skyline

List of target proteins

Pathway Architect

MassProfiler Professional GeneSpring
. Spectrum Mill .
| |
- Discovery : :
Metabolomics Proteomics Genomics
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What is the Next Experiment?

From a metabolic

. M pathway I've
Missense or identified. ..
nonsense
mutation?

o 2| o " Differenta

« Transcription / abundances
al regulation” « Targeted
« Splice analyses

variants?
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Pathway Directed Experiment Creation

Propose new experiments based on
pathway analysis

* Re-examine acquired untargeted
metabolomics data based on — —_——
pathway analysis : =

-~ -

—
Build custom metabolite database PCDL

—— —— - P

- Design new experiments —m— e - _cl
(metabolite, protein or genes) based - Custom microarray or NGS design ! eArray
on pathway results interpretation — —

BT Aas v U0 BEREERES
—— " S o, 8t -
V— . b -
P— - - Yo So—

Targeted MS/MS Spectrum Mill

— T e
4 \ =T ey
— [V — ¢ J\M\I\ Generate inciusen or MAM it S
R ._/’ 1 - .
Digest: Trypee T Maximum ¥ missed cleavages: 0~ 7' Show Prosect lon Massas
— [ | o 8 o
- Mt dckl e o etee. 5 = . Max. # basic resitues (RNKE 2 * PepOne saciuscn criwne Protein Poamse Fivenng
f—== et ags {r3i- R Lyt " - Peptioe MICMin. 000  pax. 20000 M neachy clesvage sae withis T © residues um:l‘wmnnlm
e — = LA = —— AA Casiposttion Fillarmg ¥ Contains peptide N-terminal Gin to ppredGiu POSILIOAS 4 the procein
T —— ’ % enter 1 posmon
——— ARs Reguires : K Disaliowed: M % ; x =
. - Hinded gheoey e -
— —
-— s SR - .- — -—

. Contaims no Vanasie modmcanon
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Pathways to PCDL: Create custom databases

Select an Organism 2 Select Pathway(s) 3 Create new subset KEGG
.cdb

Settings Tools Help

Pathway Data Prefer Compound Names from
Source KEGG - @ KEGG
Rl ") METLIN
Y M— ~ )
668 Unique Resolved Compounds];l 121 Unresolved Compounds
| Organism Mode e Neme ‘c’-o:ad
v EETES e | <o00010|Gheoyss / Gueoneogeness |
2 [Mowrm [rumey | o oo cch (ko) '
T [Pattway | Ko00030 | Pertose phosphate pathway |
e <l [Pattway | k000040  Pertose and gcuronate rterconversons
5 | pattay k000051 | Fructose and mannose metabolsm
3 [Pamay | I |
7 iP@muy
8 | Pattway
3 |Patrmay |

esis and degradation of ketone bodies

hé&ﬂ Fatty acid metabolsm
k000072 | Synthesis and degradation of ketone bodies
k000073 | Cutin, subenne and wax biosyrthesis

. subedne and wax biogyrth

| ko00100| Seodbonrthess
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Targeted Proteomics: Using Pathway-Directed Information to Inform
the Next Experiment

Pathway Architect

 Select perturbed pathway
» Export protein accession numbers

* Visualize targeted results

Mass Profiler Professional Spectrum Mill and Skyline

* Filter for quality data * Export results from Spectrum Mill
» Perform statistical analysis * Predict peptides and MRMs for

* Visualize differential results new proteins
* Refine using SRM Atlas

QQQ

» Optimize best transitions
* Perform DMRM analysis
* Export areas to MPP
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Targeted Proteomics: Agilent 6495 QQQ with iIFunnel Technologies

ERE Skyline workflow manuals
Outstanding sensitivity with iFunnel - ————
e e || e

il

Excellent standard flow performance
with AJS + 1290

Routine, robust nano LC with HPLC-
Chip/QQQ

tMRM mode
Skyline workflow manuals

" e ot

R ——

C.l

New Skyline Automation tool

44 Agilent
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Skyline — MPP Data Exchange
Importing Targeted Results

Skylne

Mart Pags
Skyline Targeted Proteomics Environment

MassHunter

Mass Profiler
Professional
—— , Software
.:1..-.,. ;i "l S:! .In -f\ -'_
e L LR TR

MPP 12

e § S

Version B.12.00
"...u-lll-.....-..lll‘lllulu““lll‘lll”
HTRitERRNdE: SIS R AR AR R R 0000000
Mepsive

© Agilent Technologies, inc. 2012

wwwagilent.comichem
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Export results to MPP

Pathway visualization in Pathway Architect
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Exporting Protein Areas From Skyline to MPP

Review and process QQQ
results in Skyline
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Yeast Metabolomics :

Experimental Design

40.8L

|ﬂ| (é::,l:::l:: | FKF|06 | |Cyclo|f|porinA| Tl’ea'[men'[S
i .
4mL of 90:10 opos | | AddamLof img/mL « Wild type (WT) - no treatment
EtOH:Tween 20 oo FK506 or CylA in 90:10
F1ORTween 20 « Calcium control (CC) - CaCl,
* FK - FK506 and CaCl,
1hr later add fraction to bring culture to
\/ v — c\‘/“" \/ * CA - Cyclosporin A and CacCl,
% g @ & Extraction :
(Wi ] [cc | [ 7K | Wet mill with 5:3:3 CHC|3:CH3OHZHZO. Only

the agqueous is analyzed

Spin down and PBS wash after 15min of Ca?*
exposure
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Metabolomics Workflow

* Analyze metabolomics samples
Use accurate mass LC/MS to analyze samples

Acquire
Data

Mine data using MassHunter
Analyze in Mass Profiler Professional

|dentify metabolites using ID Browser
ot ¢ Search METLIN to annotate metabolites

Compounds

« Map results to pathways using Pathway Architect

Pathway
EWSTS

| N 2 S N
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Metabolomics Workflow

* Analyze metabolomics samples
Use accurate mass LC/MS to analyze samples

Acquire
Data

Mine data using MassHunter
Analyze in Mass Profiler Professional

|dentify metabolites using ID Browser
Search METLIN to annotate metabolites

Identify
Compounds

Map results to pathways using Pathway Architect
Export protein list for next experiment

Pathway
EWSTS

| N 2 S N
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Pathway Architect

Pathway Architect is an optional
module in MassProfiler Professional

Project Search View Tools Annotations .

T 1 FIEEIEICTE T Metabolite Data

[ Metabolomics ey @

 FEEEFRELE Overlay mmnm)

1l &

E ‘ bicess NAD-dependent isocitrate ';” a

B i
0|

2 ale
dehydrogenase complex

L]
uccinate ’# succinyl-CoA ’7&\
ATP hosphate CO. Coenzyme A
K e

succinyl-CoA ligase

®
2
Coenzyme A ADP NADH NAD
_—

C

J/ A o
s A Deafla alas 0 & coh snon

& . ’ . : L
List of all pathway entities, dynamically a
linked to pathway selection

Map and visualize data from one or two
types of -omic data on pathways

Search, browse and filter pathways

Supports biological pathways from publicly
available databases

» WikiPathways
* BioCyc
« Supported pathway formats

 BioPAX 3 — Pathway Commons, Reactome, NCI
Nature Pathway

« GPML - PathVisio —custom drawing
« Export compound list from pathways
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