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About MZmine 2

L.C-MS metabolomics data processing, analysis, and
visualization

Supported open data formats
- mzXML

- mzML

- mzData

- NetCDF



Workflow

Raw data import

Mass detection

Chromatogram building
Deconvolution / Feature detection
Feature alignment

Feature identification

Export



Data import

- MZmine 2 Project JIENIEICRNEUTLLEN Peak list methods  Visualization  Windows Help

LT @ )T 9%

| BN

Raw data import MZmine 2.21: MZmine analysis

L Raw data files Order raw data files 4 Peak lists
Filtering >
Peak detection >
asks in progress...
Item Priority 'Status ‘% done

[10:56:36 PM]: Processing of task Detecting masses in PosMode_NR3.mzXML done, status FINISHED

@5595MB free



Data import

|l Raw data files

[ﬂt Peak lists

® 0 Open
[ fromBarnes
Name  Date Modified
ﬂ: L 2016 8:28 PM
= . 016 12:25 PM
";‘é : f ViO L ' ( -20 | |
[ Pos_Workshop for upload to Metaboanalyst Saturday, July 16,2016 4:01 PM
[ | Pos_Workshop_Metaboanalyst_output Saturday, July 16,2016 5:47 PM
[ | Pos_Workshop_XCMS Saturday, July 16,2016 5:48 PM

| PosMode_IR1.mzXML
| PosMode_IR2.mzXML

=

PosMode_IR3.mzXML
PosMode_NR1.mzXML
[ | PosMode_NR2.mzXML
[ | PosMode_NR3.mzXML

=

&

R

[

Thursday, June 25,2015 3:50 PM
Thursday, June 25,2015 3:49 PM
Thursday, June 25,2015 3:51 PM
Thursday, June 25, 2015 3:52 PM
Thursday, June 25,2015 3:53 PM
Thursday, June 25, 2015 3:54 PM

File Format:

All raw data files

A
v

asks in progress...
Item

Cancel

% done

[10:56:36 PM]: Processing of task Detecting masses in PosMode_NR3.mzXML done, status FINISHED

“ “4947MB free H



Mass detection

Mass detection: detect masses from mass spectra
- Centroid

- Exact mass

- Local maxima

- Recursive threshold

- Wavelet transform



Mass detection

e Mass detection: detect masses from mass spectra

- Exact mass

- Wavelet transform



‘MZmineZ Project B
| NON

|L. Raw data files
PosMode_IR3.mzXI
PosMode_IR2.mzXI
PosMode_NR1.mzXML
PosMode_IR1.mzXML
PosMode_NR3.mzXML

PosMode_NR2.mzXML

YyVvVVvYy
OF OF OF OF OF O

Mass detection

Peak list methods Visualization Windows Help

F @ ) T 100% @)

Raw data import MZmine 2.21: MZmine analysis

Order raw data files
Filtering >
Peak detection

[ﬂt Peak lists

This module detects individual ions in each
scan and builds a mass list for each scan.

Mass detection
FTMS shoulder peaks filter
Chromatogram builder
GridMass - 2D peak detection
MS/MS peaklist builder
Targeted peak detection

asks in progress...

Item

Priority Status

‘% done

[12:37:51 AM]: Processing of task Updating TIC visualizer of PosMode_IR2.mzXML done, status FINISHED

@5461MB free ”




Mass detection

MZmine 2 L3 @ ) = 100% B
MZmine 2.21: MZmine analysis

|l Raw data files |_t|_t Peak lists

[l PosMode_IR3.mzXML

PosMode_IR2.mzXML
PosMode_NR1.mzXML

PosMode_IR1.mzXML
PosMode_NR3.mzXML
PosMode_NR2.mzXML

0 0 O 0 0 0

vvVvyyvyy

[ NON ) Please set the parameters

©

Raw data files 6 selected As selected in main window

Centroid

Mass detector
Local maxima

Mass list name Recursive threshold
Wavelet transform

OK Cancel Help

asks in progress...
Item Priority Status ‘% done

| [12:37:51 AM]: Processing of task Updating TIC visualizer of PosMode_IR2.mzXML done, status FINISHED ‘ “5078MB free




Mass detection

e Exact mass method

100.0+

90.0 -

80.0 =
20.0- RP = midm
RP = 500/500.05-499.95)

<A dm RP = 500/0.1
50.0- )

40.0- RP(FVWHM) = 5000
30.0-
20.0- m

10.0- l

0.0- 1 I I I I I
499 90 499 95 500.00 500.05 500.10 500.15

http://fiehnlab.ucdavis.edu/projects/Seven_Golden Rules/Mass Resolution



Mass detection

MZmine 2

S @ ) = 100% @

MZmine 2.21: MZmine analysis

|l Raw data files |_t|_t Peak lists
PosMode_IR3.mzXML

PosMode_IR2.mzXML
PosMode_NR1.mzXML

PosMode_IR1.mzXML
PosMode_NR3.mzXML
PosMode_NR2.mzXML

vyYyVvYVYyy
0 G 0p O6F 0p 0

® 0 Please set the parameters

Raw data files 6 selected As selected in main window

o)

Centroid

Mass detector
Local maxima
Recursive threshold
Wavelet transform

Mass list nhame

OK Cancel Help

asks in progress... é

‘% done

Item Priority * tatus

| [12:37:51 AM]: Processing of task Updating TIC visualizer of PosMode_IR2.mzXML done, status FINISHED
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Mass detection

[ NON Please set the parameters

Noise level 1.0E2 [PosMode_IR3.mzXML] scan #2415
MS51, RT 12.36, base peak: 438.2378 m/z (1.6E5)

Show preview

Data file PosMode_IR3.mzXML

Scan number - 2415 B

200.0000 400.0000 £00.0000 £00.0000 1000.0(

m/z

ancel
C — Scan #2415 W Detected peaks

12



Mass detection

| NON ) MZmine 2.21: MZmine analysis

FL4UU (W LL.5U VIDZ (4538.£5/71) P + .
Wl @ P [ peak lists
|lu| #2401 @12.30 MS2 (681.1628) p +

> |fLl #2402 @12.31 MS1 p +
|[| #2403 @12.32 MS2 (147.0418) p +
|J| #2404 @12.32 MS2 (209.0781) p +
|1 #2405 @12.32 MS2 (339.1152) p +

E?

ILL| #2406 @12.33 Ms2 @33.1127) p + | NON Spectrum: [PosMode_IR3.mzXML; scan #2415]
Llh.l #2407 @12.33 MS2 (681.1641) p + PosMode_IR3.mzXML scan#2415 @12.36 M51 p +, base peak: 438.2378 m/z (1.6E5)
> ||l #2408 @12.34 MS1p + Scan definition: Full

L1 #2409 @12.35 MS2 (125.9851) ¢ + 7 5E3 |

|l #2410 @12.35 MS2 (147.04300 p+ W _ || e
] #2411 @12.35 MS2 (219.6225) p +
L] #2412 @12.35 M2 (433.1113) p +
|lu] #2413 @12.36 MS2 (565.1556) p + ‘ X | S oo

|l #2414 @12.36 MS2 (579.1645) p + 5.5E3 \J

v ||| #2415 @12.36 MS1p + 50E3¢} I
£ 2 4.5E3 ’ |
|1 #2416 @12.37 MS2 (122.0575) p + - -
|1 #2417 @12.37 MS2 (177.0545) ¢ + 8 3563
|| #2418 @12.37 MS2 (219.6214) p + =
|1 #2419 @12.38 MS2 (339.1144) p +

7.0E3 1 4400, 2464 EE

L
=2
m
Lad

2.5E3
|1 #2420 @12.38 MS2 (454.2271) ¢ + . O3
|1 #2421 @12.38 MS2 (493.2792) p + '

1.5E3 -

|1 #2422 @12.38 MS2 (565.1556) p +

L1 #2423 @12.39 MS2 (579.1641) p + 1.0E3 { ,
> |fu] #2424 @12.39 MS1 p + 5.0E2 440.1546 , .
0.0EQ | A—D—A AN A

|1 #2425 @12.40 MS2 (81.5202) ¢ + : - - -
440.1000 440.2000 440.3000 440.4000

asks in progress...
Item

m/z
— Scan #2415 B Mass list masses

Peak list:

[2:28:34 AM]: Processing of task Detecting masses in PosMode_NR2.mzXML done, status FINISHED
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Mass detection

® 0 Please set the parameters

Raw data files 6 selected As selected in main window

Scans MS level: 1 Set filters Clear filters

Mass detector @velet tm
e

Mass list name masses

Cancel

K JoX | Please set the parameters

Noise level 1.0E2

Scale level 15

Wavelet window size (%) %

| Show preview

Cancel




Mass detection

[ NON | Spectrum: [PosMode_IR3.mzXML; scan #2415]
PosMode_IR3.mzXML scan#2415 @12.36 M51 p +, base peak: 438.2378 m/z (1.6E5)

Scan definition: Full e

F

8.0E3

7.0E3

6.0E3

5.0E3

B

4.0E3
3.0E3

2.0E3

1.0E3
A_AM
0.0E0 e —

440.0000 440.1000 440.2000 440.3000 440.4000

m/z

— Scan #2415 W Peaks in PosMode_IR3.mzXML chromatograms deconvoluted B Mass list masses

Peak list: PosMode_IR3.mzXML chromatograms deconvoluted

15



Chromatogram builder

MZmine 2 Project [EIGEIENNEIGELEN Peak list methods  Visualization Windows  Help 3 @ ) = 100% @
| NON Raw data import MZmine 2.21: MZmine analysis

|\ Raw data files Order raw data files 44 Peak lists
S 4 PosMode_IR3.mzx ALCALL) > -

Fe 4 PosMode_IR2.mzX! Peak detection Mass detection

e PosMode_NR1.mzXML FTMS shoulder peaks filter
E 4 PosMode_IR1.mzXML Chromatogram builder

e PosMode_NR3.mzXML GridMass - 2D peak detection
e PosMode_NR2.mzXML MS/MS peaklist builder
Targeted peak detection

vvVvyyvVvyy

Tasks in progress...

Item Priority Status ‘% done

’ [3:04:02 AM]: Processing of task Detecting masses in PosMode_NR2.mzXML done, status FINISHED ‘ “3487MB free



Chromatogram builder

® 0 Please set the parameters

Raw data files 6 selected As selected in main window

Scans MS level: 1 Set filters Clear filters

Mass list masses Choose...

Min time span (min) 0.3

Min height 2.5E2

m/z tolerance 0.05 m/z or

Suffix chromatograms

Cancel

In progress, be patient......

17



Chromatogram builder

| NON ) MZmine 2.21: MZmine analysis

|\ Raw data files [ peak lists
[l PosMode_IR3.mzXML > E PosMode_IR2.mzXML chromatograms
(=4 PosMode_IR2.mzXML > E] PosMode_NR1.mzXML chromatograms
| PosMode_NR1.mzXML > E| PosMode_IR1.mzXML chromatograms
ﬁ PosMode_IR1.mzXML > E PosMode_IR3.mzXML chromatograms
>
>

e PosMode_NR3.mzXML D PosMode_NR3.mzXML chromatograms
=4 PosMode_NR2.mzXML E PosMode_NR2.mzXML chromatograms

vvYVvyyvVyy

asks in progress...
Item Priority Status ‘% done

[3:24:49 AM]: Processing of task Detecting chromatograms in PosMode_NR2.mzXML done, status FINISHED




| NON )

MZmine 2.21: MZmine analysis

Chromatogram builder

|\ Raw data files

(= PosMode_IR3.mzXML
(=4 PosMode_IR2.mzXML
| PosMode_NR1.mzXML
(e PosMode_IR1.mzXML
=l PosMode_NR3.mzXML
= PosMode_NR2.mzXML

v

vVvVvyyvyy

[ﬂj‘_ Peak lists
> E PosMode_IR2.mzXML chromatograms
| 4 E PosMode_NR1.mzXML chromatograms
> EJ PosMode_IR1.mzXML chromatograms
v E PosMode_IR3.mzXML chromatograms

_L #1 53.0045 m/z @17.68

A #253.0048 m/z @3.31

_L #3 55.0435 m/z @18.56

_L #4 56.0513 m/z @18.89

A #556.9667 m/z @2.81

_L #6 57.0553 m/z @19.45

_L #7 59.0510 m/z @6.07

A #859.0511 m/z @29.10

A #960.0458 m/z @25.2

_L #10 61.0086 m/z @2.01

_L #11 62.0257 m/z @3.30

A #1262.5081 m/z @2.89

A #1363.0450 m/z @0.00

_L #14 63.5253 m/z @3.31

_L #15 64.0170 m/z @3.67

_L #16 65.0612 m/z @3.80

A #1767.0296 m/z @3.31

A #1869.0341 m/z @6.32

A #1970.0133 m/z @0.06

_L #20 70.0663 m/z @4.55

_L #2171.5129 m/z @0.06

A_#22 72,0810 m/7z @6.07

[

'wp/eak list
- #1ID
-+ m/z value

!
I
I

- @ re

tentio

n tim

asks in progress...

Item

Priority Status

‘% done

| [3:24:49 AM]: Processing of task Detecting chromatograms in PosMode_NR2.mzXML done, status FINISHED

5!
l(

\|
|

14e]



romatogram builder

[ NON MZmine 2.21: MZmine analysis
LA Raw data files | #185151.1105 m/z @3.37
[l PosMode_IR3.mzXML

A #186151.6244 m/z @3.97
_A #187152.0363 m/z @7.44
_A #188 152.0666 m/z @12.64
A #189152.4769 m/z @26.88
A #190153.0127 m/z @25.16
_A #191153.0128 m/z @3.31

_A #192153.0898 m/z @14.55
_A #193153.0898 m/z @12.13
A #194154.0042 m/z @25.16
A #195154.0571 m/z @14.52
A #196 154.9656 m/z @9.61

7197 154.9660 m/z @
#198 155.1062 m/z @17.71

1 s k _A #200156.0761 m/z @3.89
C ]. C A #201156.1012 m/z @17.74
_A #202156.9660 m/z @6.29
_A #203157.0851 m/z @13.95
_A #204158.0022 m/z @3.31
A #205158.1160 m/z @6.16
A #206 158.1533 m/z @21.94
_A #207 158.9603 m/z @0.36
_A #208 159.0678 m/z @10.02
_A #209159.9652 m/z @0.00
A #210159.9656 m/z @25.38

i UAAA 1cn nAr ‘ 10 ~a

(=4 PosMode_IR2.mzXML
| PosMode_NR1.mzXML
(e PosMode_IR1.mzXML
=l PosMode_NR3.mzXML
= PosMode_NR2.mzXML

vVvVvyyvyy

asks in progress...
Item Priority Status ‘% done

[3:31:18 AM]: Processing of task Updating TIC visualizer of PosMode_IR3.mzXML done, status FINISHED




Chromatogram builder

| JON

#198 1565.1062 m/z @17.71

#198 155.1062 m/z @17.71

first click

Jos

then click

A. .M,A,MA
RT

'Height

xnatog ram
Show

Change
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Chromatogram builder

® 0

Chromatogram: [PosMode_IR3.mzXML; 155.0324 - 155.1576 m/z]

[
c
@
!
=
x
9
o
:

XIC (base peak), m/z: 155.0324 - 155.1576

3.4E4 |
3.2E4 |
3.0E4 -
2.8E4 |
2.6E4 |
2.4E4 |
2.2E4 |
2.0E4 |
1.8E4 |
1.6E4 |
1.4E4 |
1.2E4 |
1.0E4 |
8.0E3 1
6.0E3 1
4.0E3 1
2.0E3 |

155.1048

155.1062

155.0800 155.0698 155.0589

155.0411
A_ '

0.0ED *}
0.00

2.00

400 6.00 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
Retention time

Chromatogram 155.1062 m/z — PosMode_IR3.mzXML

22



Deconvolution

MZmine 2 Project Raw data methods BRI dSRnGaecM Visualization Windows Help 3 @ ) = 100% B
| NON ) J Order peak lists .21: MZmine analysis

Peak detection

|, Raw data files Smoothing

Data analysis
Export/Import

>
Y705 Mode IR3.mzxML Gap filling (2 Chromatogram deconvolutin ;‘;Lé'farsnef’ni;aitﬁjsm’;f‘g;‘;its‘fd
S 4PosMode_IR2.mzXML Isotopes > Peak shape modeler (experimental) iyrer=s
[ 4 PosMode_NR1.mzXML Filtering > Peak extender
(R -l PosMode_IR1.mzXML Alignment > > PosMode_IR3.mzXML chromatograms
(K . PosMode_NR3.mzXML Normalization > LRl PosMode_NR3.mzXML chromatograms
(K PosMode_NR2.mzXML Identification > LRl PosMode_NR2.mzXML chromatograms
>
>

separation of individual peaks in the EIC

Tasks in progress...

Item Priority ‘Status ‘% done

[3:38:10 AM]: Processing of task Updating TIC visualizer of PosMode_IR3.mzXML done, status FINISHED “3075MB free H

23



Deconvolution

® 0 Please set the parameters

Peak lists Baseline cut-off ain window
Noise amplitude L

Suffix Savitzky-Golay
Local minimum search

Algorithm v Wavelets (XCMS)

Remove original peak list

OK Cancel Help

[ NON ) Please set the parameters
S/N threshold 10

Wavelet scales 0.25 - 5.00
Peak duration range 0.00 - 10.00

Peak integration method Use smoothed data

| Show preview

OK Cancel Help




Deconvolution

MZmine 2.21: MZmine ana S |

|l Raw data files [ﬂt Peak lists

[ PosMode_IR3.mzXML LRl PosMode_IR2.mzXML chromatograms
(| PosMode_IR2.mzXML R PosMode_NR1.mzXML chromatograms
(K PosMode_NR1.mzXML LRl PosMode_IR1.mzXML chromatograms
> @ PosMode_IR1.mzXML MR PosMode_IR3.mzXML chromatograms
| PosMode_NR3.mzXML LR PosMode_NR3.mzXML chromatograms
[ PosMode_NR2.mzXML = PosMode_NR2.mzXML chromatograms

el
® Error of task Peak recognition on PosMode_IR1.mzXML chromatograms

'R computing error' during CentWave detection.
The "Wavelets (XCMS)" requires the "xcms" R package, which couldn't be loaded - is it installed in R?

asks in progress...

Item Priority Status % done

Peak recognition on PosMode_IR2.mzXML chromatograms NORMAL ERROR 0%
Peak recognition on PosMode_NR1.mzXML chromatograms NORMAL ERROR 0%
Peak recognition on PosMode_IR1.mzXML chromatograms NORMAL ERROR 0%
Peak recognition on PosMode_IR3.mzXML chromatograms NORMAL ERROR 0%
Peak recognition on PosMode_NR3.mzXML chromatograms NORMAL WAITING 0%
Peak recognition on PosMode_NR2.mzXML chromatograms NORMAL WAITING 0%

[3:46:06 AM]: Error of task Peak recognition on PosMode_IR3.mzXML chromatograms: 'R computing error' during CentWave detection. The "Wavelet... “ - 2141MB free H
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Deconvolution

e Tnstall XCMS inR

1 source("https://bioconductor.org/biocLite.R")
2 biocLite("xcms") # install the xcms package
3 library(xcms) # load the xcms packagel

e Start deconvolution again

26



Deconvolution

[ NON MZmine 2.21: MZmine analysis
|\ Raw data files [ peak lists

v

(= PosMode_IR3.mzXML
(=4 PosMode_IR2.mzXML
| PosMode_NR1.mzXML
=4 PosMode_IR1.mzXML
=l PosMode_NR3.mzXML
= PosMode_NR2.mzXML

> D PosMode_IR2.mzXML chromatograms

PosMode_NR1.mzXML chromatograms
EJ PosMode_IR1.mzXML chromatograms
E PosMode_IR3.mzXML chromatograms
PosMode_NR3.mzXML chromatograms

vVvVvyyvyy
vVvVvyyvyy

PosMode_NR2.mzXML chromatograms

In progress, be patient......

asks in progress...

Item Priority Status ‘% done

Peak recognition on PosMode_IR2.mzXML chromatograms NORMAL PROCESSING | 6%
Peak recognition on PosMode_NR1.mzXML chromatograms NORMAL PROCESSING L | 6%
Peak recognition on PosMode_IR1.mzXML chromatograms NORMAL PROCESSING | 6%
Peak recognition on PosMode_IR3.mzXML chromatograms NORMAL PROCESSING - 6%
Peak recognition on PosMode_NR3.mzXML chromatograms NORMAL WAITING 0%
Peak recognition on PosMode_NR2.mzXML chromatograms NORMAL WAITING 0%

| [3:58:11 AM]: Started peak deconvolution on PosMode_IR3.mzXML chromatograms




Deconvolution

[ NON MZmine 2.21: MZmine analysis

|\ Raw data files [ peak lists

[l PosMode_IR3.mzXML » E PosMode_IR2.mzXML chromatograms

[l PosMode_IR2.mzXML > E PosMode_NR1.mzXML chromatograms

[ PosMode_NR1.mzXML » EJ PosMode_IR1.mzXML chromatograms

> @ PosMode_IR1.mzXML > El PosMode_IR3.mzXML chromatograms

(K | PosMode_NR3.mzXML Rl PosMode_NR3.mzXML chromatograms

[ PosMode_NR2.mzXML > E PosMode_NR2.mzXML chromatograms
> E PosMode_IR2.mzXML chromatograms deconvoluted
> E] PosMode_IR1.mzXML chromatograms deconvoluted
> E PosMode_NR1.mzXML chromatograms deconvoluted
> E PosMode_IR3.mzXML chromatograms deconvoluted
> E PosMode_NR3.mzXML chromatograms deconvoluted
> E PosMode_NR2.mzXML chromatograms deconvoluted

asks in progress...

Item Priority Status ‘% done

| [4:11:54 AM]: Processing of task Peak recognition on PosMode_NR2.mzXML chromatograms done, status FINISHED




Deconvolution

| NON ) MZmine 2.21: MZmine analysis

L&_ Raw data files A 7499 153.0898 m/z @12.13
e dlPosMode_IR3.mzXML L #500 154.0043 m/z @26.08
[F4PosMode_IR2.mzXML L #501154.0042 m/z @25.16
e PosMode_NR1.mzXML A #502 154.0571 m/z @14.52
e PosMode_IR1.mzXML _A #503155.0692 m/z @9.61
(= @PosMode_NR3.mzXML _A #504155.0695 m/z @11.51

_ v— L #505 155.0696 m/z @14.93
L #506 154.9657 m/z @6.16

A #507 154.9886 m/z @25.85
_L #508 155.0706 m/z @12.69
5505 155 1064z 01771
_A #510155.1062 m/z @19.87
_L #511 155.1047 m/z @21.83
_L #512 155.1064 m/z @18.56
_‘L #513 155.1065 m/z @14.38
| | A #514156.0761 m/z @3.89
| [ NON ) Chromatogram: [PosMode_IR3.mzXML; 155.1046 - 155.1065 m/z] 1
XIC (base peak), m/z: 155.1046 - 155.1065

v

vVvVvyyvyy

a

3.4E4 | 155.1048 Lﬁk

3.2E4 | o
3.0E4 | il

2.8E4 |

2.6E4 | 1551062 |
2.4E4 |
2.2E4 |
2.0E4 |
1.8E4
1.6E4
1.4E4
1.2E4 1
1.0E4
B.0E3 1
6.0E3 |
4.0E3 1

2.0E3 1 155. 106}
1063 155.1061  155.1062 155.1043 ) Mo A
0.0ED - abfiyreta -

0.00 200 4.00 6.00 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.0(
Retention time

A

asks in progress...
Item

lone

Base peak intensity

[4:20:42 AM]: Processing

155.1064 m/z @17.71 [PosMode_IR3.mzXML] — PosMode_IR3.mzXML




Deconvolution

| NON ) MZmine 2.21: MZmine analysis

L&_ Raw data files A #499 153.0898 m/z @12.13
e dlPosMode_IR3.mzXML L #500 154.0043 m/z @26.08
[F4PosMode_IR2.mzXML L #501154.0042 m/z @25.16
e PosMode_NR1.mzXML A #502 154.0571 m/z @14.52
e PosMode_IR1.mzXML _A #503155.0692 m/z @9.61
(= @PosMode_NR3.mzXML _A #504155.0695 m/z @11.51

5o Mode_NR2.maxML L #505 155.0696 m/z @14.93
L #506 154.9657 m/z @6.16

_A #507 154.9886 m/z @25.85
__L #508 155.0706 m/z @12.69
_L #509 155.1064 m/z @17.71
_A #510155.1062 m/z @19.87
_L #511 155.1047 m/z @21.83
JW 512155 1064z o3850
_L #513 155.1065 m/z @14.38
_L #514 156.0761 m/z @3.89
00 @ Chromatogram: [PosMode_IR3.mzXML; 155.1046 - 155.1065 m/z] |
XIC (base peak), m/z: 155.1046 - 155.1065

v

vVvVvyyvyy

a

3.4E4 - 155.1048
3.2E4 |
3.0E4 |
2.BE4
2.6E4 | 155.1062
2.4E4 |
2.2E4 |
2.0E4 |
1.8E4
1.6E4
1.4E4
1.2E4 1
1.0E4 1
B.0E3 1
6.0E3 |
4.0E3 1

2.0E3 1 155. 106}
1063 155.1061  155.1062 155.1043 ) Ao vy
0.0ED i

[4:20:42 AM]: Processing 0.00 2.00 4.00 600 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.0(
Retention time

asks in progress...
Item

lone

Base peak intensity

155.1064 m/z @18.56 [PosMode_IR3.mzXML] — PosMode_IR3.mzXML




Deconvolution

| NON ) MZmine 2.21: MZmine analysis

L&_ Raw data files A 7499 153.0898 m/z @12.13
e dlPosMode_IR3.mzXML L #500 154.0043 m/z @26.08
[F4PosMode_IR2.mzXML L #501154.0042 m/z @25.16
e PosMode_NR1.mzXML A #502 154.0571 m/z @14.52
e PosMode_IR1.mzXML _A #503155.0692 m/z @9.61
(= @PosMode_NR3.mzXML _A #504155.0695 m/z @11.51

_ v— L #505 155.0696 m/z @14.93
L #506 154.9657 m/z @6.16

_A #507 154.9886 m/z @25.85
__L #508 155.0706 m/z @12.69
_L #509 155.1064 m/z @17.71
PN 51055 1062 vz o107
_L #511 155.1047 m/z @21.83
_L #512 155.1064 m/z @18.56
_L #513 155.1065 m/z @14.38
_L #514 156.0761 m/z @3.89
00 @ Chromatogram: [PosMode_IR3.mzXML; 155.1047 - 155.1064 m/z] |
XIC (base peak), m/z: 155.1047 - 155.1064

v

vVvVvyyvyy

a

3.4E4 | 155.1048
3.2E4 1
3.0E4 |
2.BE4 1
2 6E4 | 155.1062
2.4E4 |
2.2E4 1

2.0E4 1
1.BE4 - IF5.1064

1.6E4
1.4E4
1.2E4 1
1.0E4 1
B.0E3 1
6.0E3 |
4.0E3 1

2.0E3 1 155. 106}
1063 155.1061  155.1062 155.1043 ) Ao e
0.0ED e

[4:20:42 AM]: Processing 0.00 2.00 4.00 600 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.0(
Retention time

asks in progress...
Item

lone

Base peak intensity

155.1062 m/z @19.87 [PosMode_IR3.mzXML] — PosMode_IR3.mzXML




Deconvolution

| NON ) MZmine 2.21: MZmine analysis

L&_ Raw data files _A 7499 153.0898 m/z @12.13
[l PosMode_IR3.mzXML _A #500154.0043 m/z @26.08
e dPosMode_IR2.mzXML A #501154.0042 m/z @25.16
(e PosMode_NR1.mzXML A #502 154.0571 m/z @14.52
e PosMode_IR1.mzXML _A #503155.0692 m/z @9.61

[* 4 PosMode_NR3.mzXML _L #504155.0695 m/z @11.51

_ v— L #505 155.0696 m/z @14.93
L #506 154.9657 m/z @6.16

_L #507 154.9886 m/z @25.85
__L #508 155.0706 m/z @12.69
_L #509 155.1064 m/z @17.71
_A #510155.1062 m/z @19.87
PW 511155 1007z 02155
= _L #512 155.1064 m/z @18.56
_L #513 155.1065 m/z @14.38
_L #514 156.0761 m/z @3.89
[ NON ) Chromatogram: [PosMode_IR3.mzXML; 155.1045 - 155.1065 m/z]
XIC (base peak), m/z: 155.1045 - 155.1065

vvYVvyyvVyy

a

3.4E4 - 155.1048 Lﬂk

3.2E4 | 22?
3.0E4 | il

2.8E4 |

2.6E4 | 155.1062

P L B B E e S T | AN L e e et T
2.2E4 1
2.0E4 1
1.8E4

intensity

, 1.6E4 |
asks in progress...

1.4E4

Item done

Base peak

1.2E4 1
1.0E4 1
B.0E3 1
6.0E3 | 1549|1062
4.0E3 1

2.0E3 155.1 EEJ
0.0E0 bnrem a . - u

@5686MB free

1046 155.1061  155.1062 155.1045
| [4:20:42 AM]: Processing @ 0.00 200 400 600 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.0C

Retention time

155.1047 m/z @21.83 [PosMode_IR3.mzXML] — PosMode_IR3.mzXML



RT normalizer

MZmine 2 Project Raw data methods BEEE QG ANCWeM Visualization Windows Help 3 @ ) = 100% @
‘ [ NON ) Order peak lists 2.21: MZmine analysis
L Raw data files Peak detection > 1L peak lists
[ 4 PosMode_IR3.mzXML Gap filling > » [£]| PosMode_IR2.mzXML chromatograms
» & PosMode_IR2.mzXML Isotopes > > E] PosMode_NR1.mzXML chromatograms
» & PosMode_NR1.mzXML Filtering > » [£]| PosMode_IR1.mzXML chromatograms
> @ PosMode_|R1_mZXML Alignment | 2 l » l:Tl PncMnde IR m2XMI chramatanramc
o g F J The retention time normalizer attempts to
> 4 PosMode_NR3.mzXML Nora"zalon i Rtentlon tlm Lol * reduce the deviation of retention times
» & PosMode_NR2.mzXML Identification > Linear normalizer between peak lists, by searching for common
Data analysis > Standard compound normalizer I Peaks in these peak lists and using them as
r normalization standards.
Export/Import > > PosMode_IR1.mzXML chromatograms deconvoluted
> E] PosMode_NR1.mzXML chromatograms deconvoluted
» E‘ PosMode_IR3.mzXML chromatograms deconvoluted
> E] PosMode_NR3.mzXML chromatograms deconvoluted
» E’ PosMode_NR2.mzXML chromatograms deconvoluted
Tasks in progress...
Item Priority ‘Status ‘% done
| [4:20:42 AM]: Processing of task Updating TIC visualizer of PosMode_IR3.mzXML done, status FINISHED I ©3517MB free
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RT normalizer

[ NON | Please set the parameters

Peak lists 6 selected As selected in main window
Name suffix normalized

m/z tolerance 0.005 m/z or 5.0 ppm

Retention time tolerance 5.0 relative (%)

Minimum standard intensity  1.0E6|

Remove original peak list (]

OK Cancel Help




(@0 @

RT normalizer

MZmine 2.21: MZmine analysis

|\ Raw data files

(= PosMode_IR3.mzXML

> 4 PosMode_IR2.mzXML
> & PosMode_NR1.mzXML
» & PosMode_IR1.mzXML
>
>

v

% PosMode_NR3.mzXML
% PosMode_NR2.mzXML

Iﬂ‘}_ Peak lists

> E| PosMode_IR2.mzXML chromatograms
E| PosMode_NR1.mzXML chromatograms
E] PosMode_IR1.mzXML chromatograms
E PosMode_IR3.mzXML chromatograms
D PosMode_NR3.mzXML chromatograms
E| PosMode_NR2.mzXML chromatograms

E| PosMode_IR2.mzXML chromatograms deconvoluted

>

>

»

>

>

>

> E] PosMode_IR1.mzXML chromatograms deconvoluted
> E PosMode_NR1.mzXML chromatograms deconvoluted
> E PosMode_IR3.mzXML chromatograms deconvoluted
>
>
>
>
>
>
>
>

E| PosMode_NR3.mzXML chromatograms deconvoluted
E| PosMode_NR2.mzXML chromatograms deconvoluted

E] PosMode_IR2.mzXML chromatograms deconvoluted normalized

|:| PosMode_IR1.mzXML chromatograms deconvoluted normalized

PosMode_NR1.mzXML chromatograms deconvoluted normalized

D PosMode_IR3.mzXML chromatograms deconvoluted normalized

PosMode_NR3.mzXML chromatograms deconvoluted normalized

PosMode_NR2.mzXML chromatograms deconvoluted normalized

asks in progress...

Item

Priority

‘Status % done

l [4:48:21 AM]: Processing of task Retention time normalization of 6 peak lists done, status FINISHED




Feature alignment

MZmine 2 Project Raw data methods BEEEIAERNEGEEEN Visualization Windows Help 3 @ ) = 100% @@
0 @ Order peak lists P.21: MZmine analysis
|l Raw data files Peak detection > I peak lists
> & Gap filling > » || PosMode_IR2.mzXML chromatograms
» & PosMode_IR2.mzXML Isotopes > > E] PosMode_NR1.mzXML chromatograms
» & PosMode_NR1.mzXML Filtering > b =1 PacMade_|R1.mzXML chromatograms
» 4 PosMode_IR1.mzXML Alignment > Join aligner e IR m7XMI rhramatanaramc
> ﬁ PosMode_NR3.mzXML Normalization | 2 RANSAC aligner :Iega()kl’ili:ﬁ:nahgner based on the RANSAC
» & PosMode_NR2.mzXML Identification > > PosMode_NR2.mzXML chromatograms
Data analysis > £ | PosMode_IR2.mzXML chromatograms deconvoluted
Export/Import > D PosMode_IR1.mzXML chromatograms deconvoluted

E] PosMode_NR1.mzXML chromatograms deconvoluted

D PosMode_IR3.mzXML chromatograms deconvoluted
D PosMode_NR3.mzXML chromatograms deconvoluted

D PosMode_NR2.mzXML chromatograms deconvoluted

PosMode_IR2.mzXML chromatograms deconvoluted normalized

PosMode_IR1.mzXML chromatograms deconvoluted normalized

D PosMode_NR1.mzXML chromatograms deconvoluted normalized

PosMode_IR3.mzXML chromatograms deconvoluted normalized

PosMode_NR3.mzXML chromatograms deconvoluted normalized

>
>
>
>
>
>
>
>
>
>
>
>

PosMode_NR2.mzXML chromatograms deconvoluted normalized

RANdom SAmple Consensus aligner

Tasks in progress...

Item Priority ‘Status ‘% done

[4:48:21 AM]: Processing of task Retention time normalization of 6 peak lists done, status FINISHED ‘ @B702MB free H




Feature alignment

[ NON | Please set the parameters

Peak lists 6 selected As selected in main window

Peak list name Aligned peak list

m/z tolerance 0.001 m/z or 5.0

Weight for m/z 20

Retention time tolerance relative (%)

Weight for RT

Require same charge state

Require same ID

Compare isotope pattern (] Setup..

Cancel




Feature alignment

[ NON ) MZmine 2.21: MZmine analysis

|\ Raw data files [ peak lists

> Q > E PosMode_IR2.mzXML chromatograms

> 4 PosMode_IR2.mzXML > E] PosMode_NR1.mzXML chromatograms

> & PosMode_NR1.mzXML > E PosMode_IR1.mzXML chromatograms

» & PosMode_IR1.mzXML > E PosMode_IR3.mzXML chromatograms

> & PosMode_NR3.mzXML > @ PosMode_NR3.mzXML chromatograms

> & PosMode_NR2.mzXML > E PosMode_NR2.mzXML chromatograms
> E PosMode_IR2.mzXML chromatograms deconvoluted
> Ej PosMode_IR1.mzXML chromatograms deconvoluted
> E PosMode_NR1.mzXML chromatograms deconvoluted
> E PosMode_IR3.mzXML chromatograms deconvoluted
> E PosMode_NR3.mzXML chromatograms deconvoluted
> E PosMode_NR2.mzXML chromatograms deconvoluted

> p E] PosMode_IR2.mzXML chromatograms deconvoluted normalized

> E PosMode_IR1.mzXML chromatograms deconvoluted normalized
> E PosMode_NR1.mzXML chromatograms deconvoluted normalized
> E PosMode_IR3.mzXML chromatograms deconvoluted normalized
> E PosMode_NR3.mzXML chromatograms deconvoluted normalized
> PosMode_NR2.mzXML chromatograms deconvoluted normalized
[

asks in progress...

Item Priority Status ‘% done

[9:18:40 AM]: Processing of task Join aligner, Aligned peak list (6 peak lists) done, status FINISHED




Feature alignment

[ NON MZmine 2.21: MZmine analysis
|\ Raw data files [ peak lists [L
g 4705 Vode_ Y MZmine 2.21: MZmine analysis

g :zmz:: |\ Raw data files 4L peak lists

>

> -

> & PosMode g ﬁ » £ ] PosMode_IR2.mzXML chromatograms
>

>

& PosMod % PosMode_IR2.mzXML E PosMode_NR1.mzXML chromatograms
osMode :
|:| PosMode_IR1.mzXML chromatograms
% PosMode —
E| PosMode_IR3.mzXML chromatograms
E PosMode_NR3.mzXML chromatograms
E PosMode_NR2.mzXML chromatograms
E PosMode_IR2.mzXML chromatograms deconvoluted

>

b & PosMode_NR1.mzXML
b 4 PosMode_IR1.mzXML
>
>

% PosMode_NR3.mzXML
% PosMode_NR2.mzXML

E PosMode_IR1.mzXML chromatograms deconvoluted
E PosMode_NR1.mzXML chromatograms deconvoluted
E PosMode_IR3.mzXML chromatograms deconvoluted
E PosMode_NR3.mzXML chromatograms deconvoluted
E| PosMode_NR2.mzXML chromatograms deconvoluted

E PosMode_IR2.mzXML chromatograms deconvoluted normalized

|:| PosMode_IR1.mzXML chromatograms deconvoluted normalized
E PosMode_NR1.mzXML chromatograms deconvoluted normalized
E PosMode_IR3.mzXML chromatograms deconvoluted normalized
E| PosMode_NR3.mzXML chromatograms deconvoluted normalized

4 VYV YV V V VV vV V VYVYVVYVYyYVYYVYYY

E PosMode_NR2.mzXML chromatograms deconvoluted normalized
i
_L #1 53.0042 m/z @1.98
_L #2 53.0042 m/z @1.75
_L #3 53.0042 m/z @2.31
_L #4 53.0204 m/z @3.34
asks in progr L #553.0043 m/z @8.72
Item A #653.0043 m/z @10.04
A_#753.0044 m/z @10.55

asks in progress...
Item Priority Status % done

| [9:18:40 AM:

[9:18:40 AM]: Processing of task Join aligner, Aligned peak list (6 peak lists) done, status FINISHED @690TMB free




Feature alignment

@ Peak list: Aligned peak list
D m/z AVell’age RT Caniiey, Coiieny el alichs StatusPOSMr)de_:-Tezi.gT:XMH Area StatusPOSMrde_:-Teli.g?:XMLI Area StatusPOSM‘
 — |
1 53.0042 1.98 . 3.8E2 1.4E3 . . 1
2 53.0042 1.75 . 2.0E2 2.0E3 . ' -
3 53.0042 2.31 . 2.1E2 1.0E3 . '
4 53.0204 3.34 . 1.0E3 7.3E3 . 4.0E2 4.6E3 ‘
5 53.0043 8.72 l . 9.5E2 1.0E4 . .
6 53.0043 10.04 I . 4.1E2 6.2E3 . '
7 53.0044 10.55 “ . 2.3E2 3.2E3 . '
8 53.0043 17.71 l . 5.3E2 1.0E4 . 3.6E2 4.3E3 .
9 53.0042 19.89 l ® 6.7E2 8.0E3 ) ®
10 55.0438 20.74 I . 3.6E2 4.3E3 . .
11 55.0438 21.23 n . 3.8E2 7.3E3 . .
12 56.0515 25.52 l . 7.8E3 2.4E5 . 5.1E3 1.7E5 .
13 56.0515 26.36 I ® 7.1E3 2.4E5 ® 4.1E3 9.1E4 ®
14 56.9662 29.78 . 6.6E2 1.2E4 . 6.6E2 6.5E3 .
15 56.9665 28.21 F . 5.5E2 6.5E4 . 6.4E2 5.3E3 .
16 56.9662 29.26 ‘ 5.7E2 7.4E3 . 6.7E2 6.8E3 .
17 57.0542 25.42 h ) 3.1E2 3.8E3 ) )
18 57.0546 26.10 ' 2.5E2 3.6E3 . .
19 57.0542 25.88 ' ‘ 2.8E2 3.5E3 . .
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Result export

® 0 Please set the parameters
Peak lists Aligned peak list As selected in main window
Filename peaks_table

Field separator

Export common elements

Export identity elements

Export data file elements

Export all IDs for peak

Identification separator

Export row ID
Export row m/z
Export row retention time

Export row comment

Export row number of detected peaks

All

Clear

All identity elements

All

Clear

Peak status

Peak m/z

Peak RT

Peak RT start

Peak RT end

Peak duration time
Peak height

All

Clear

OK Cancel

Help
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Result export

A B C D E F G H I J K L M N 0
1 |rowlID lrow m/z row retentio row commer row number All identity e PosMode_IR PosMode_IR PosMode_IR PosMode_IR PosMode_IR PosMode_IR PosMode_IR PosMode_IR PosMoc
2 1 53.0042038 1.98293333 1 DETECTED  53.0042038 1.98293333 1.9295 2.04505 0.11555 383  1379.252
3 2 53.004158 1.75446667 1 DETECTED 53.004158 1.75446667 1.63758333 1.85568333 0.2181 201 2049.6675
4 3 53.0042038 2.30685 1 DETECTED  53.0042038 2.30685 2.24583333 2.34756667 0.10173333 214 1031.6775
5 4 53.0203787 3.33863889 3 DETECTED  53.0206013 3.34095 3.28993333 3.51928333 0.22935 1020  7301.794
6 5 53.0043354 8.72179167 2 DETECTED  53.0043449 8.73858333 8.40756667 8.8201 0.41253333 954 10215.055
7 6 53.0043316 10.0399833 1 DETECTED  53.0043316 10.0399833 9.86405 10.2838667 0.41981667 406  6207.643
8 7 53.0044365 10.5459 1 DETECTED  53.0044365 10.5459 10.2838667 10.6338167 0.34995 233 3247.371
9 8 53.0042953 17.7075 3 DETECTED 53.004261 17.7008333 17.29 18.0461667 0.75616667 525  10351.96
10 9 53.0041841 19.887 3 DETECTED  53.0042915 19.9138333 19.7115 20.1091667 0.39766667 670 8034.66
11 10 55.0437565 20.7395 1 DETECTED  55.0437565 20.7395 20.6188333 20.9051667 0.28633333 362  4338.465
12 11 55.0437927 21.2336667 1 DETECTED  55.0437927 21.2336667 21.179 21.7198333 0.54083333 381 7322.64
13 12 56.0514822 25.515 4 DETECTED 56.051548 25.4006667 24.9853333 25.8103333 0.825 7816 238067.625
14 13 56.0514851 26.3572917 4 DETECTED  56.0515633 26.0685 26.0145 26.7928333 0.77833333 7131 236129.215
15 14 56.9662342  29.78125 4 DETECTED  56.9661369 29.7656667 29.5681667 29.9826667 0.4145 664  12432.35
16 15 56.9665318 28.2060556 3 DETECTED  56.9661484 28.0778333 25.4333333 28.5543333 3.121 553  65493.62
17 16 56.9661662 29.2618889 3 DETECTED  56.9660683 29.258 29.1181667 29.401 0.28283333 569 7394.27
18 17 57.0541906 25.419 2 DETECTED  57.0545273 25.5416667 25.5416667 25.8103333 0.26866667 312 3778.68
19 18 57.0545883 26.0981667 1 DETECTED  57.0545883 26.0981667 26.0746667 26.3835 0.30883333 252 3618.15
20 19 57.0541687 25.8750833 2 DETECTED  57.0545616 25.9335 25.8103333 26.0746667 0.26433333 277 3502.81
21 20 58.9992798 3.3313 5 DETECTED  58.9993916 3.30768333 3.16815 3.48596667 0.31781667 792 9304.4065
22 21 59.0504074 0.08391667 1 DETECTED  59.0504074 0.08391667 0.00415 0.12348333 0.11933333 1644  9120.509
23 22 59.0503419 29.6788889 3 DETECTED  59.0503998 29.8088333 29.7291667 29.8483333 0.11916667 1042 6156.54
24 23 59.0505339 28.4990556 3 DETECTED  59.0504341 28.1441667 28.0538333 28.4215 0.36766667 989  16501.39
25 24 59.0506624 27.4636111 3 DETECTED  59.0504875 27.6018333 27.243 27.6621667 0.41916667 538 9133.91
26 25 59.0509605 27.2702778 3 DETECTED  59.0504494 27.1616667 26.968 27.243 0.275 365 3552.01
27 26 59.0507402 29.0935 2 DETECTED  59.0504169 29.0911667 28.8696667 29.4281667 0.5585 1169  28211.93

L e B e T e e T e
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What is next?

e Univariate and multivariate statistical analysis
e Determine discriminating metabolites

e Metabolite identification
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Thank you!
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