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IDEOM

Aim: To interpret LCMS metabolomics data in a biological context

1. Untargeted approach (hypothesis generating):
* Are there differences between samples?

e What are the metabolites that differ?

2. Targeted approach (hypothesis testing):
 What happens to metabolites X, Y and Z

Ideom is designed for untargeted analysis, but can be used for both...



Getting started

i. Open the Ideom_v19.xlsb file in Excel

To skip the data processing steps, open IDEOM_v19_Demo.xlIsb file. This is an average sized dataset with ~6000 features (peaks) imported. For larger datasets (or

slower computers) allow a few seconds for Excel to re-calculate formulas each time you do something. If it is particularly slow consider turning the ‘Calculation’
option to ‘Manual’. Formulas >> Calculation Options >> Manual

If you do this, remember to hit the ‘Calculate’ button each time you change something.

ii. Allow macros to run

(Sec_urity Warning>>0ptions>>Enable Macros)
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Note: if the security warning doesn’t appear: click the Office button (i), go to ‘Excel Options’ >> Trust Centre >> Trust
Centre Settings >> Select ‘Disable all macros with notification’



Getting started

IDEOM Navigation:

Comparison:
Main results sheet
for data visualisation

1

|H 4 F M| 3lBasePeaks Cu:umpansun Identification Rejected &=

Settings:

HOME PAGE for
processing data and
adjusting parameters

|

Targeted:
Separate sheet for
targeted metabolite
analysis

/

-—Ml.ir.urn iculgtor ¢ Fragments . Targeted TOOLSLI| 4| Il |
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Results sheets:

Detailed data for each
peak, organised according
to:

*All Base Peaks (features)
-Putative identifications
*Rejected identifications
*All features

!

Raw data:
Imported data
from mzMatch

NN/

Databases:
Databases and
formulas for metabolite
identification and noise
filtering

\ IEEE

Miscellaneous:
Examples of IDEOM
formulas and sheets
to store study-
specific metadata
(methods)



LCMS Pre-processing

Settings & automated data processing

PROCESSING STEPS:

a) Manually sort files
into folders according
to study group

b) Convert RAW to
mzXMLfiles (znd split
polarity)

] Run XCMS to pick
peaksand convert to
peakMLfiles

d) Run MZmatch to

combine data and
annotate related peaks

&
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LImport
MZmatch 2.Update

dataand DB with
enter Retention

Erouping Times

Oom=z—22 80

SETTINGS: PHELP
Polarity: u
XCMS ]
Method:|nermsl mzxiaL
ppm: 2
peak width (min): 10 s
peak width (max): 100 s
$/M threshold: 3
Prefilter (# points): 3
Prefilter (intensity): 1000
Mzdiff: 0.001
mzMatch
Mzmatch grouping RT window: 0.5 Mins
Mzmatch grouping m/z ppm: 5 ppm
Relative Std Dev (RSD) filter: 0.5
Noise filter (codadw): 0.8
Intensity filter (LOQ): 5,000
Minimum detections # 3
RT window for related peaks: 0.15 mins

L import
MZmatch
data and

2.4
DB with

enter
grouping

Retention
Times

& Manually move any false
rejections from 'Rejected’ list
to 'Identification’ list

5. Recalibrate mass (ppm

5. Manually check related

peaks and isomers

7. Combine Pos and Neg modes
8. Compare all sets
9. Assign BasePeaks (optional)

R script TOOLS

menu

Relative Std Dev (RSD) filter: 0.50] TECHMNICAL
Moise filter (codadw): 0.80
Intensity filter (LOG): 3000
Minimum detections # 3
RT window for related peaks: 0.1imin
IDEOM
RT for id of authentic standards: 5.0i%
RT for id for calculated RT: 42.4:%
PPM for mass identification: 3.0{ppm
lgnore related peaks before RT: 0.0imin
RT window for complex adducts: 0.5imin
RT window for Duplicatepeaks: 1.0imin
RT window for Shoulderpeaks: 2.0:min
Intensity ratio for Shoulderpeaks: S5ito 1

Minimum detectable intensity:
Statistical P-value:
Preferred DB:

1000: [For ratio calz

0.05|Unpaired

TrypDB thr

Search Adducts:

Double-charge

User-defined adduct mass:

Program Locations:

R:

LT P )

C\R\R-2.14.1\bin\x64\Ry

Pt O T INNNEE ) MR T I, R



Part 1

Using IDEOM (and
XCMS/mzMatch) for pre-
processing LCMS
metabolomics data



LCMS Pre-processing

. . Installation not
Installing required software/packages required for the

. . workshop
Pre-processing raw data requires

a) Msconvert (a proteowizard tool) to convert .raw files to .mzXML
b) R statistical package to run xcms and mzMatch

Both programs are free and easily installed from the websites (available in Ideom: go to the settings sheet and scroll down
to the help section)

c) R packages (xcms and mzMatch): click the blue button in Ideom’s help section (settings sheet) to install
these packages. This function can also be accessed from the ‘R scripts menu’ on the Settings sheet.

Check that all install OK, you may need to select a download mirror and agree to installing all components. Re-install all
packages if there is an error.

Quick Links| HELP for this Template/Macro: (full documentation at http://mzmatch.sourceforge.net/ideom.html)
53 General Instructions
54 B download 1. Download & Install R and Msconvert (proteowizard) first. Links are below/left. (ensure these programs are in folders that don't contain spaces ir
55 msconvert download 2. Enable Macro's in Excel (click the bar at the top of the screen, or go into 'Excel Options'='Trust Centre'='Trust Centre Settings'>'Macro Settings')
56 Click here to in=tallthe 3. Install R packages (click the button to the left)
required packages into R 4 To process data: follow processing steps a-d (by clicking the macro buttons above) to produce the mzMatch peakml and txt files, then follow stef
57 Further analysis can be done on the 'Identification’, 'Comparison’ and 'allBasePeaks’ sheets.



LCMS Pre-processing

Not enough
time in the
workshop for

Raw Data Processing

Go to the ‘Settings’ page of Ideom these steps

LCTTE] | N—T—
[EO

4 4 » M| alBasePeaks . Comparson _ Identfication , Rejected 4riiminms ® DB . Ricalculator . Fragments . Targeted 4

Ready | 3 |

PROCESSING STEPS:
a) Manually sort files _

intofolders according — File Edit “iew Favorites Tools  Help
to study group e - N
= [2) IDEOM_trial ~ EUKD_DC94D.raw
J 0 A 0 | ~
= 53 Rawfiles (1] c0x0_DCas0.raw
i 1) blank,
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LCMS Pre-processing

Not enough
time in the
workshop for
these steps

Automated peak picking, grouping and filtering

Double-check the default parameters in column E (change if necessary)

Run steps b to d in R by clicking the appropriate blue buttons in Ideom
e Usually use the ‘combined’ button to

automatically run all steps sequentially

) ) PROCESSING STEPS: SETTINGS: PHELP
* Separate buttons are available in case you a) Manually sort fies potarity] positive 5]
) into folders according XCMS <\
need to run some functions on another R — Vethof|rermel mot
. b) Convert RAW to pym:
computer with more RAM or processor speed | mOXMLfles braspin peak width (fin): 105
@ L] peak width (nax) 100 s
H _ H M Run XCMS to pick C S/ threghald: 3
* These Steps are tlme Consum|ng, usua”y 4 ce-all::alndcc:on'\?erltctco : Prefilter {# goints): 3
. . . ,:, peakMLfiles B prefilter (intfnsity): 1000
set It going overnlght 3 1 Mzdiff: 0.001
D d) Run MZmatch to N -
. combine data and
* On completion you should have an snnotaterestedpesis D IENNEN
Mzmatch grouping RT Window: 0.5 Mins
mzMatch_output.peakml file and a Mzmatch grouping m 5 ppm
Relative Std Dev (RSD 0.5
H Noise filter (codadw): 0.8
mzMATCHoutput.txt file to be further sty o dod 5,000
. Minimum detectidps # 3
processed Wlth Ideom RT window for related peaks: 0.15 mifis




LCMS Pre-processing

ldeom processing (filtering and metabolite identification)

Whilst most Ideom processing is automated,
some study-specific input is required from the e
user. Optimal results are achieved by clicking ' Times
steps 1-9 (green buttons) and following the '
on-screen prompts.

DB with

Steps 1 and 2 can be run in any order, but

Relative Std Dev (RSD) filter:

0.50] TECHNICAL

must both be completed before running the 4. Manually move any false

main processing macro (step 3). rejections from 'Rejected" list
to 'Identification’ list

Steps 4 and 6 are optional. ecalibrate

als

. . &. Manually check related
Step 7 is only relevant for Exactive data (or peaks and isomers

when both modes are analysed in quick
succession on the same column)

For Workshop only:
Open a fresh IDEOM_v19 file, SaveAs with a

Moise filter (codadw): 0.80
Intensity filter (LOG): 3000
Minimum detections # 3
RT window for related peaks: 0.1imin
IDEOM
RT for id of authentic standards: 5.0i%
RT for id for calculated RT: 42.4:%
PPM for mass identification: 3.0{ppm
lgnore related peaks before RT: 0.0imin
RT window for complex adducts: 0.5imin
RT window for Duplicatepeaks: 1.0imin
RT window for Shoulderpeaks: 2.0:min
Intensity ratio for Shoulderpeaks: S5ito 1

Minimum detectable intensity:

1000: [For ratio calz

Statistical P-value:

0.05|Unpaired

Preferred DB:

TrypDB thr

|

Search Adducts:

Double-charge

User-defined adduct mass:

new name and load the Example data from
the TOOLS menu

Program Locations:

R:

C\R\R-2.14.1\bin\x64\Ry

LT P )

Pt O T INNNEE ) MR T I, R



LCMS Pre-processing

Step 1: Import data and set grouping info

Use this function to import data from the
mzMatchoutput.txt file produced by mzMatch. If you
have already entered data manually, or by the
'Import example data' or 'import Mzmine data'
buttons, you may press cancel at the import file
screen to skip this step.

The second part of this function asks the user to
enter grouping information. 'autofill' can be used if
the prefix of the sample names refers to the
grouping, otherwise manually select groups using
the 'add' buttons.

Set-Type needs to be selected for each group using
the drop-down lists: always set one group as
‘Treatment' and another as 'Control’ to allow
comparisons

** mzMatch output data needs to have replicates in
adjacent columns. Please adjust this if needed (by
changing column order in the txt file) prior to import.
This should automatically happen if your samples
are labelled by group, and/or you used the mzMatch
grouping function.

For the workshop (using the Example
data), enter these groups:

Enter group information: select adjacent columns that contain samples for each group ﬁ

Groups ]More groups ]

Group Name Group Type # Samples Column position
(please select) (relative to column C)

add | Clear |blank

| Blank

add | Clear |medium

| Exclude

Add | Clear | Qc

G

Add | Clear | Oc

| Control

add | Clear | 1c

| Sample

Add | Clear | 2

| Sample

Add | Clear | 5¢

| Treatment

Add | Clear |

Add | Clear |

Add | Clear |

Add | Clear |

Add | Clear |

Add | Clear |

Add | Clear |

Add | Clear |
Lettersin prefix | 5

Lol Lol Lol el Lo Lol ol b Lol el e Lol ped e 1
T T T T 1T Telelele]-]-]-]
DT Tl sl sl =] o] ] -]

Autofil

Clear All oK.

Cancel ‘




Step 1: Import data and set grouping info

LCMS Pre-processing

The third part of this function plots average sample
intensities to allow a quick check of whether the data
is consistent. Internal (external) standards will also
be plotted if you have entered them in V2-AD2 of the
settings sheet

The fourth part gives the option of normalising the
data either by TIC, median, or user-defined values
(column R on settings sheet). Normalisation is not
routinely recommended for LC-MS data due to non-
linear responses and the unpredictability of ion-
suppression.

If you subsequently decide to normalise the data,
you may re-run the whole step 1 any time before
running step 3 (Identification Macro).

Median
25000
mcmwliV616
20000 W cmwiV627
15000 B cmwlIVe37
m mIV590
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B mIV606
5000 ||| ] B mIV626
o ALIRELLIRRRLINRILIRY
© A o o D o> A D S D o L™ QCnifl
5 & »° & &N (T QD
P EEE &S EPFEEE
R T A S X N Y P S Qcnif2
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B cmwlVe16
TIC mcocmwliVe27
B cmwlIV637
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umIV606
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HmiV6e36
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800000000 QCnif2
QCnif3
QCnif4
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LCMS Pre-processing

Step 2: Update DB with retention times

For the workshop use the default settings
and standards (don’t import standard RTs
from another file):

» This function enters standard retention times into the database (DB

sheet), and (optional) enters predicted retention times for other M N Ol P @ R[5 T U]
metabolites. MR N0 LT e om e e e
« Alist of retention times from authentic standards is required (create this co-sificiert] 139 0.26 -D.08 041 0.1 -0.32 -0.34
list either using the Targeted Sheet, or externally using ToxID, Xcalibur i = U vy
.. r-zquare| 0.7 0.42
or similar) Fof 96 151
 The list of standard RTs may be either imported from any excel readable e :
i . . s 155 Accuracy windo
file, or entered directly into columns A and B on the 'RTcalculator' sheet Column] HILIC Scotmet within <205 "65%
H : . . . EETEETE . . Deadvalume KT 4.5 | min within <305~ Sdi
o |f m;porgng- .};:sv files of retention times: "_" in metabolite names will be S e B S a0 T30
replaced with "," pH= 35 within <503 7942
« All authentic standards (column A on the 'RTcalculator' sheet) must have
names that exactly match those in the DB sheet. 30 1
. . . . 0
* RT calculator uses physico-chemical properties in the DB sheet to 200 L K

predict retention times based on a multiple linear regression model with
the authentic standards. (QSPR approach)

* The column (cell O8) and dead volume time (cell O9) should be entered
before running this macro. Other data in columns N-U show the
accuracy of the current RT prediction model.

« The mass range for application of the prediction model is defined in cells
010 and Q10. The default QSPR model is accurate for the Formic
Acid:ZIC-HILIC method from MW 70-400

Predicted kg Retention Facton

-3.00

100

0.00

-1.00 4

2000 4

T T T
300 -200 -100 QU0

Experimental log|Retention Factar)

T T 1
100 200 300




LCMS Pre-processing

Step 2: Update DB with retention times (cont)

Columns W:X allow standard retention times to be uploaded to the database without being included in the
prediction model. (e.g. for large metabolites outside the validated mass range)

Columns Z:Al allow predicted retention times to be uploaded to the database based on class properties,
according to specific annotations in the DB sheet (if no RT calculated by the prediction model)

Prediction model variables (Headers E1:J1) can be adjusted to other phys-chem properties (from drop-down
menus) if you wish to attempt to apply RT prediction to different chromatography.

You have the opportunity to check the model fit before annotating all metabolites in the database.

If there is no good prediction model you can still use this function to upload standard retention times for
those metabolites where you have authentic standards.

If you don't run this function then metabolite identification will only be based on exact mass (not retention
time) - hence you will get a lot more false-identifications.

Compound Name standard Group Group . . Group

] ) Pathway Map Property  limit

(if not in RTcalculator) RT RT RT RT
Folate 9.33 Glycerophosphocholines 7.5 | Lipids: Fatty Acyls 5 logP =0 5.5
S-glutathionyl-L-cysteine 19.52 Glycerophosphoethanclamines 6| |Lipids: Glyceralipids 5| correction: +
Glutathione disulfide 18.99 Glycerophosphoserines 6 Lipids: Glycerophospholipids 5.5 pos({3.5) = 0.5 0.5
Bis-gamma-glutamylcystine 19.4 CDP-Glycerols gl | Lipids: Sphingolipids 5.2 neg(3.3) = 0.3 0.5
MNAD+ 19.74 Glycerophosphonocholines 7.5 |Lipids: Sterol lipids 5 cation = 0 1

Thiamin dinkhncnhata 2R A2 =lhuraran hracnbhannathannlaminac A limide: Drannlc




LCMS Pre-processing

Step 3: Run Identification Macro \ 3.aunue.mﬁcaﬂ.,.,mm‘

* Double-check the parameters on the settings sheet
Common changes might be:

Polarity: This determines which adducts/fragments are
filtered (manual changes to adduct/fragment
filtering can be made on the ‘Fragments’ sheet)

RSD: depending on your data quality

RSD level: Generous, Strict or Technical (or Off)

Intensity filter (LOQ)

# detections: depending on how many replicates

RT for ID of authentic standards: depending on the

chromatographic reproducibility

RT for ID for calculated RT: depending on the prediction model

ppm: depending on the mass calibration of the instrument

Preferred DB and map: depending on the organism

» Click step 3 to run the main data processing macro

~ This step is where most of the automated filtering and
identification takes place

Relative Std Dev (RSD] filter: 0.50| TECHMICAL
Noise fiter fcodadwll s
Intensity filter (LOQ): 3000
Minimum detections # 3
RT window for related peaks: 0.1imin
IDEOM
RT for id of authentic standards: 5.0i%
RT for id for calculated RT: 42.4:%
PPM for mass identification: 3.0ippm
lgnore related peaks before RT: 0.0imin
RT window for complex adducts: 0.5imin
RT window for Duplicatepeaks: 1.0imin
RT window for Shoulderpeaks: 2.0imin
Intensity ratio for Shoulderpeaks: S5ito 1
Minimum detectahle intensity: 1000 (Far ratio cale
Statistical P-value: .05 Unpaired
Preferred DB: |TrypDB thr

|
Search Adducts

Double-charge

User-defined adduct mass:




LCMS Pre-processing

Step 4: Manually retrieve False Rejections

|FI<M< P M| alBasePezks Comparisan Identification e X alidata o U s e DB RTcalculator .~ Fragments . Targeted 4 TOOL5|I|1 m

IReady | T ||@|§|

« Check the rejected sheet for metabolites that you believe to be wrongly rejected

If you think a metabolite was wrongly rejected:

Check if the metabolite has already been identified (as another feature) by double-clicking the confidence level
(in column F)

If you can justify why a feature was incorrectly rejected: retrieve the metabolite by clicking the red ‘Retrieve
Row’ button at the top

E.g. In example data find Folate (which was rejected because it appears to be a dimer of another peak).



LCMS Pre-processing

Step 5: Recalibrate mass (ppm) | sl o

|T<ﬂ< P M| alBasePezks Comparisan (idEHtiﬂCEtiDﬂ) EI -ty alidata o - - s e DB RTcalculator o Fragments o Targeted Jayeee) | | m |
S
I Ready | | === ]

» Go to the ldentification sheet or the settings page
* Run step 5 by clicking the green ‘re-calibrate mass (ppm

check)’ button
» This will plot the relationship between mass and mass accuracy ppm(raw)
(ppm error) for all 'identified’ metabolites, with standards in red, and : : :
fit a 5th order polynomial function. (this should allow for the
calibration errors observed on Thermo Orbitrap) ;
« If the polynomial function appears to fit your data, agree to re- !
calibrate masses. If the curve is not a good fit, but you see a trend,
consider manual re-calibration efforts. RIS
» After calibration, check the new plot of mass errors, and set a new s
ppm window to remove outliers (false-identifications). In some cases
it is worth checking the rejected peaks (bottom of ‘rejected' list) for
alternative identifications by clicking the 'altppm' column

900 1000




LCMS Pre-processing

Step 6: Manually check for False Identifications [optional]

|F"m‘ » M| alBasePeaks " Comparison m e e P alidata e L. o =i\ -9 DB ¢ Ricalculator ¢ Fragments ¢ Targeted 4mioeie] Il
s
I Ready | B2 B O

» For thorough analysis, check all the information supplied for each peak in the ‘identification’
sheet.
* You may wish to skip this step initially, and return later to double-check specific metabolites of

interest.

* Whilst it is always a good idea to return to raw data for confirmation of specific metabolites, the identification
sheet allows rapid access to a large amount of meta-information to simplify the process of manual data
curation and metabolite identification.

* Click the ‘colour’ button in the TOOLS menu to make viewing of data easier

» Click the 'Hyperlinks' button in the TOOLS menu to allow links to metabolite websites. Click again to turn off
hyperlinks if it slows your computer too much. Hyperlink websites can be edited in the hyperlinks table in
columns AF:Al on the settings sheet

» Check the information in each column, and sort by each column to see if metabolite metadata suggests false
identification (e.g. RT is before dead volume, maxRSD is too large, 13C isotope doesn’t confirm the number of
carbons in the formula, isomeric peaks appear to be chromatographic artefacts, related peak information
suggests a fragment or adduct)

» False identifications can be removed (or merged) with the red ‘Remove row’ button



LCMS Pre-processing

Add Chromatograms

Bo8R2S

Intensity

0.0e+00 1.0e+07 2.0e+07
|

]
E

1 |Mass|>|RT |~|FORMULA|~| 2|~ Putative metabolite |~ Map - |Pathway - |intensity| =

175 180 185 1390 195

RT (m})

Add EICs to column A of the ‘Identification’ sheet by the ‘Add Chromatograms’ button

This function requires access to the corresponding peakml file. NB: chromatograms are uploaded
based on the peaklD number. Therefore, take care to use only the peakml file that corresponds to
the data matrix (mzMatchoutput.txt) uploaded to IDEOM.

Alternatively (if your computer cannot load the peakml file) the chromatogram images can be
generated from a peakml file on any machine using the R script available on the ‘settings’ sheet
(this folder of chromatogram images is generated by the default script in step d)

You may run this step on any results sheet at any time
(e.g. Identification, Comparison, allBasepeaks)



LCMS Pre-processing: step 6

J K L il V] R 5 1 u W W
MNormalise sample Compare
Remowve row Colour Macro Isoto Search i o pal
1 |Mass T FORMULA  Iscr name confid| PreferredDB FRIMc  RT*err altPPM sig BP madiff  relation. addfrag  %error peaks  RSD:T maxRS[ maxintensity relati TwsCTRL Py
2 335.115_1-5 4/C20H1805 17 2-lsoprenylemodin 5 0 KEGG L pidm -0.028  -0.8 13917 Drugh |[FA(18:1))¢ 56.8435 potentizl bp -23 xC13xNe 013 013 BE7874125 1
5 | 2440737252 C14H1204 73,3 &5-Terahydroxys 5 0 KEGG HMDE 0677 -8l D . 0.15 IIEE0B 6713 1
4| 2161514108 C15H200 £ [PR] iso-Debromo-laL 5 O Lipidmaps  -0.042 52 D1 N-Methylnicotinate 0.1 BF00.08592 1
5 | 7801393345 C2HEOS 3 8|medium medium KEG 0.6851 8 crl 0
6 | 277.2409266 7 C18H31NO 5 0 Lipidmaps | 1.3223 Ct| milenk 1 0.2 [EEE117.1563 1
7 | 2812718737 C18H35MO 7 0 Metacyc Lipit 0.404 | mCtrl_2 049 lESa00000 1 £.01
g8 | 295.2508786 ClEHaNO2 L[5 (3:0)] sphinga-4E§ 5 0 Lipidmaps | w2 0.21 BEEEDOI0S125) 1 4.05
9 | 536.158956 7/C18H32018 1 1-4-beta-D-Glucan 5 0 KEGE HMDE o 500007 actrl 3 0.35 IE883.3125 20 222
10| 257.1030784 C8H20MOEP 1 sn-glycero-3-Phosphoct  8|Trypanocyc THEGG Metag g 50000 4 - 0.22 5359765 20 187
. 79 C10H13MNS0: 3 Adenosine 8|Trypanccys TKEGE Metao, - Ct| 40000 4 W Druga 1 0.3z lBBE86 21408 21 177
i /,N"\ 22| 14.26 CTHTNO2 13 N-Methylnicotinate &|18R KEGG Metagy - Ct| 20000 4 mDrugh 2 o.0e lE895 7031 16 162 |
33 28.12 CEHIZN205 1 Ser-Ser 5 0 Peptides | 74 mDrugh_3 0.17 MB937.40234 10 134 |3
R \ 0
/ N\ 3% 15 C42HEONOTI 8 [PC(16:1/18:2)] 1-{1Z-F 5 0 Lipidmaps H c N % % m A % m N A m N o morugsa | 003MNE0BSSEes 5 127
/ \ 33 9.542 C10HI3N50: £ Deoxyadenosine 10|Trypancoye TKEGG Metagy -0 cf NSNS FTE S EEY ., | C43EEm06LeE 25 125
/ 33 1083 C8H13MO2Z  11fL-Leucine v | 10|Trypancoye TKEGG Metag, ctl © LA == o.10 IEST00000) 3 125
/ LSLE=1
/’ 75| 7.517 C43HE2ZNOTI Bl i ] 0 KEGG HMDB CNOTUERDTOED Fibs e i TITRCIS T 0.02 IEEG134 6875 5 133
/ 34 7542 C42HEINOTI 1406 Aminchesanoate 5 0 KEGG Lipidm CtriBrugADrugB +/-COCH2 -3.7 xC13 0.15 JEBEBE71 8125  ° 123
) / E T C38HTINOEI a4 [FFibetsleucine 5 0 KEGE HMDB CtriDrugADrugB fragmen -CEH12 0.12 lEEI03 7968  © 122
: 3 C44HEANOTL 13| D-Leucine | 5 0 KEGG HMDB CiriDrugADrusB -15. 7 oxidation/reducti -1.% xC13xNa- 0 9 121
: M I M 5 = il CI3HITNZO: 2| olSoleucing @ ine 5 0| Peptides CtriDrusf L-Valine | 162.043 potential bp Kz 0 13 120
‘ 73 C5H11INO2Z 18 L-Valine 10|Trypanocyc TREGG Metacy 0 LerlCrugd L-Valine 0 bp 0.0 xC13x0L 0.14 IINRA95252 13 118
23| 3171585853 4 C13H23N30E & Leu-Alz-Asp 5 0 Peptides CtriDrugs L-Phenylal:  152.08 potentizl bp 0.12 l88060.20625 12 119
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LCMS Pre-processing

Skip this step for the
Step 7: Combine Positive and Negative data [optional] workshop (using the

Example data)

» This step should be performed on positive and negative datasets that have already been pre-
processed up to step 6.

« Simply click step 7 and then select the pre-processed Ideom file for the opposite polarity (note
combination of files may take a few minutes)

» Duplicate peaks (with the same corrected mass and retention time within the ‘duplicate peaks’
window) will be removed for metabolites detected in both Pos and Neg mode. The peak with the
higher maximum intensity is retained.

RCSTEIERIE



LCMS Pre-processing

Step 8: Compare all sets |

Run this function to summarise data into the Comparison sheet

You have the option to only include the identified peaks, or to also include all significant base
peaks (including unidentified and those with low identity confidence)

This step can be repeated as required for different ‘control’ groups or with/without basepeaks

Step 9: Assign Basepeaks [optional] |

Sometimes base peaks are actually a related peak (adduct/fragment) of a smaller peak. This
function takes all unidentified base peaks and annotates them if any related peaks have been

(putatively) identified.
This step could be run before step 8 if you want this information in the Comparison sheet
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Getting started

Select the ‘Comparison’ sheet

|FHM4 » M| alBasePeaks ¢ Comparison ) Identification e aldata e e R W DB ¢ RIcalcllator ¢ Flagments ¢ Targeted oo i
IReady e ==

Scroll up and down to see the list of metabolites

- Metabolites (column E) highlighted yellow have been identified with authentic standards, all other
metabolites are putatively identified from the database

- Red names (column E) indicate more than one peak has been identified as that metabolite

- Formula’s (column C) in red text indicate more than one peak is present with that formula (i.e. isomers... or
shoulder peaks)

- Masses (column A) are highlighted according to the polarity mode of detection:
- Red = positive ionisation
- Blue = negative ionisation

- White = detected in both positive and negative modes



Getting started

Scroll across to see the information and results available

A B c D E F G H | J K L M M 0
b

Trend a

Sort Peaks Tools &
a 5 Oc 1c 2c Sc ttest: 0c  ttest: 1c
c = max

1 Mass RT FORMULA % Putative metabolite B Map Pathway intensity
F |

F 1 | F

Column: +A: Neutral exact mass (re-calibrated, from mzMatch)

*B: Retention time (from mzMatch) in minutes

*C: Formula from DB with closest match to mass (if within ppm window)

*D: Number of isomers in DB with this exact formula

E: Putative Metabolite name: best match from DB for this mass and RT

*F: Confidence level (out of 10) according to parameters on ‘settings’ sheet (10 = highest)
*G: Map: the general area of metabolism for this metabolite (usually from KEGG)

*H: Pathway: list of biochemical pathways for this metabolite (usually from KEGG)

+|: Maxintensity: The maximum intensity for this peak in any included sample

NOTE: columns G,H & | can be changed by choosing a different header in cell G1, H1 or I1
E.g. Click cell 11, then click the new down-arrow that appears to the right of the cell, and select ‘groups’. The column now

shows which sample groups have significant peaks detected for each metabolite.



Getting started

Scroll across to see the information and results available (2)

A B c D E F G H | J K L M M 0
b

Trend a

Sort Peaks Tools &
a 5 Oc 1c 2c Sc ttest: 0c  ttest: 1c
c = max

1 Mass RT FORMULA % Putative metabolite B Map Pathway intensity
F | 1 F F |

The number of additional columns is dependant on how many groups in your study:
«J onwards: Mean intensity of each included group relative to the 'control’ group (as set when the '‘Comparison'

macro was run). Significant values (t-test) are in bold.
*NEXT columns: P-values for unpaired t-test between each included group and the control

*NEXT columns : Mean Intensity for each included group

*NEXT columns : Standard deviation for each included group

Z

. . . . - {my-mg)
*NEXT columns : Relative Standard deviation for each included group Fisher's ratio = ..
*NEXT columns : Fisher ratio for each included group, relative to the control group m = mean, v = variance

1 & 2 are study groups

*LAST column : PeakiD: identifier essential for cross-referencing within the software and peakml files.

*ADDITIONAL: columns are added when you run some IDEOM functions. You may add your own additional columns

to the right of existing data. Please do not insert columns between existing data.
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Finding differences

Sort by specific columns to find the most changing metabolites

Fold-change

Oc is currently set as the ‘control’.

To find the differences between 1c and Oc, sort by ‘1c’ (column K)

1. Sort using the orange ‘Sort’ button at the top-left and follow the instructions

(If using the inbuilt Excel sort or autofilter function please double-check that all data is selected)

F L3 H 1 1 3
b e |
[+ F]
(%)
S
0T Oc 1c
= max
Mass = |RT |~ |FORMUI ~| 2 - |putative metabolite |~| ¢~ Map Pathway - |intensity - -
h f 8] sertatoz 4
2.05 C28H4604 28|Di-n-d 7 0 101955 1.00 3.11
446.34 Zl sertzZtoa
| r L
Purine
13.23 CI0H13N5C 4 Deoxy sort by Color ' _ 6712 1.00 1.99
251.1 - metabolism
| r L
16.33 C5HSMNS 1 Adeni Filter by Cal 3 purine S98T 1.00 1.36
13505 ——— — === HRErBy-ear metabolism__ ' '
h r Text Filters LA A




Finding differences

Sort by specific columns to find the most changing metabolites

T-test

To find the significant differences between 1c and Oc, irrespective of whether they are increases or decreases,
sort by ‘ttest:1c¢’ (column O) to find the metabolites with the lowest p-value

Caution: When metabolites are completely absent in a study group a p-value cannot be calculated. There are
probably the most significant differences, but will appear as “NA” or “Div/0”. NB: p-values are not corrected
for multiple testing, please consider this before publishing significance (available in the R export menu).

Fisher ratio

To find the biggest significant differences between 1c and Oc (taking into account the extent of change
and the variance), irrespective of whether they are increases or decreases, sort by ‘Fisher:1¢’
(column AE) to find the metabolites with the highest fisher ratio

Caution: This cannot be calculated when the metabolite is completely absent from either group. In this
case it will be marked as:

* NA =not in either group
* Low = not in treatment group
* High = not in control group



Finding differences

Sort by specific columns to find the most changing metabolites

Other columns

It is less meaningful to sort by the “mean” columns, because LCMS response is different for every metabolite.
For example, two metabolites with the same concentration could give 1000-fold different LCMS peak
intensities due to their differing ionisation properties.

You may wish to combine sorting by differences with sorting by pathway (or other metabolite properties) to
assist with interpretation.



Finding differences

Z-transformation
A B C D E F G H | K L
S -
=
U N ﬁ Oc 1c 2c ac
= = max
1 Mass RT FORMULA % Putative metabolite B Map Pathway intensity
[ F I 1 F r
Tools

Z-transformation is performed on all samples to
express variance relative to the standard
deviations from the mean of the control group

Data will be added to columns to the right of
existing data

Tools

Isotope Search

Isotopes/Adducts

Mormalise |

Mormalise by internal
standards or other values

Single Metabaolite

Extracts all data for a
chosen metabolite

Targeted Analysis

Search data for spedfic
metabolites or pathways

Statistics

Z-fransformation [}
e

Analysis of each group
against the 'contral’

Compare 2 groups

Compare a sample/group
against a different control

Medium comparison

Checdk which metabolites
arise from growth medium

Correlation Matrix

Between-metabolite
instensity correlations for
incuded samples

Close |

ttest: 0c  ttest: 1c

B 22 2 TN

Switches

{Turn off to make files

faster'smaller)

MetaCyc reaction info

oM O OFF
Web Hyperlinks
oM O OFF

* Auto Calculation

™ Manual Calculation

Show Raw Data

Show raw data from each
sample on Comparison sheet

Induded samples

Show raw data for 'sample’,
'control' and 'treatment’



Finding differences

Correlation (Trend) Sort

Oc 1c 2c ac ttest: Oc  ttest: 1c

max
Map Pathway intensity
F |

confidence |

1 Mass RT FORMULA Putative metabolite

I F I 1 F

Click the ‘Correlation Sort” button to find metabolites that have a similar intensity trend across all study groups
relative to:

250000

1. A specific metabolite:

Select a metabolite from column E

50000

2. All other metabolites: 0

Select the an empty row to do an iterative (non-specific) correlation sort

3. A specified intensity trend
Enter a dummy metabolite (at the bottom of the page) with the desired intensity trend
entered in columns J onwards (remember to delete this row before running other functions)

NB: On the Comparison sheet this correlation is based on group means. To calculate correlation of individual samples go to
identification or alldata sheet.



Finding differences

Correlation Matrix

F G H | K L
Trend Import E h
Sort Peaks =
5 Oc 1c 2c 5c
= max
1 Mass RT FORMULA Putative metabolite 2 Map Pathway intensity
I F I 1 F r |

Click the ‘Correlation Matrix’ button in the TOOLS
menu to find the cross-correlation of intensities
between metabolites.

Pearson correlation coefficients will be written to
a new worksheet and coloured in a heatmap
format.

CAUTION: Metabolites with very high correlation
may actually be LCMS artefacts that escaped
the filtering steps. Double-check these by
analysis of retention times.

Untargeted search for
Isotopes/Adducts

Mormalise

Mormalise by internal
standards or other values

Single Metabaolite

Extracts all data for a
chosen metabolite

Targeted Analysis

Search data for spedfic
metabolites or pathways

Statistics

Z-transformation

Analysis of each group
against the 'contral’

Compare 2 groups

Compare a sample/group
against a different control

Medium comparison

Chedk which metabuolites
arise from growth medium

Correlation Matrix )
p—

Between-metabolite
instensity correlations for
incuded samples

Close |

ttest: Oc  ttest: 1c

Switches

{Turn off to make files

rastersmaler)

il

MetaCyc reaction info

oM O OFF
Web Hyperlinks
oM O OFF

* Auto Calculation

™ Manual Calculation

Show Raw Data

Show raw data from each
sample on Comparison sheet

Induded samples

Show raw data for 'sample’,
'control' and 'treatment’



Filtering your list

Excel’s Autofilter function is a very useful way to tidy your dataset to optimise visualisation,
graphing or export functions for your metabolites of interest

Qq = s R - IDEOM _vOSbeta_trial_pos_results_vs_mediaxlsb - Microsoft Excel - =2 X
Y,
- Home Insert Page Layout Formulas Data Review View Developer =
== K cut - S| || = = - — o, e
J Calibri 11 ot A A= =8 |54\-‘.'rapText General - = g L
53 Copy 3 o = 1
Paste < Format Painter B 7 U|-| &~ Sy - é === gf -§§ :Er-]arge & Center = “l@ v By ||=58 508 FC-:un.:litttijzunal F?rnrllat stClell Insert Delete Format
- : ormatting ~ as fable ~ yles - - s
Clipboard P Font F} Alignment F} Mumber F} Styles Cells

1. Activate the filter (if it is not already activated)

2. Click on the down-arrow for the column you wish to
filter by 2

_ _ -
. . . £
3. Filter by selecting/deselecting the checkboxes, or set L vesiz]er 5] ronmu(e] Felname AED) wa  patnuay
. Z Sort Smallest to Largest

a number, color or custom filter 2 1302 BB EHEEEG sortiargetio sl ° :

Examgles 3 350 IHLLCIAHLNG by e "o g
: . r

] . . , , 26405 13.8 C18H2401 [ (o} 0
Filter by Confidence > 6 (to get more confident ID’s) Number Eittrs ™ i —

H 1Fi 13 . 7] . . . 15.65 CEHISNOT V] (Select All) Does Mot Equal...
Filter by specific maps/pathways, or by “Text that contains™ Lipid = =~ 155 t ——

. . 6 | 234.11 = : I reater Than Cr Equal Ta...
Filter by P-value < 0.01 for a specific study group . s o

. . . . «“ . 7] i . — Mz Less Than Or Egual To..
Filter by maxintensity > 10,000, or in Groups “text that contains”: B 1c 5| cruionzo . bt

5c X 1 Top 10...

5 29L1 12.99 CLIHITNO S

Filter name by color to see only metabolites identified with I (ot J (omen J|  ooaniveose

authentic standards 7 aer e 1o "



Finding specific metabolites

The two best ways to find a specific metabolite are:
1. Metabolite Search

max
Map Pathwav intensitv

confidence -

1 /Mass RT FORMULA it Putative metabolite
Click the orange Metabolite Search button
Enter the metabolite name

If the name doesn’t exactly match a metabolite in the database you will be shown a list of similar metabolites to
select the metabolite you are looking for

If your metabolite is not identified, but the formula is present, it will be found

If there is more than 1 matching formula you will get the option to find all these isomeric peaks

2. Excel’s native Find function

.-’Qﬂ\-. = - IDEOM_vO5beta_trial_pos_results_vs_mediaxlsb - Microsoft Excel - 7 X

—/ Home Insert Page Layout Farmulas Data Review View Developer

=X cut || [ = ] — ! e N = ¥ AutoSum A&

Calibri v~ A =@ = Wrap Text General @ ] x | ]

J 23 Copy =5 :FEﬁ —‘d —r ﬂ Fill =
Paste . (B I Ui~ ~||d- A~ |E = =||£E ££|| 2 Merge & Center ~ ||[E3 ~ o 9 || ;98(/| Conditional Format Cell Insert Delete Format i Sort

- J Format Painter — — = E || = = 2 = bl Formatting ~ as Table ~ Styles = - - - (2 Clear ~ Filter

Clipboard P} Font (F Alignment (F Mumber (F Styles Cells Editing

This will not find isomeric formulas if your metabolite wasn’t ‘identifed’

This may be quicker than the Metabolite Search function if you know approximately what you’re looking for



Graphing

Use graphs to find the most changing metabolites

Click on the “Graphs” button to access graphs and plots

Use Summary Graphs

9

1 'Mass RT

Graphs

FORMULA

Putative metabolite

confidence -

Please select the type of graph you wish to plot:

Summary graphs

Metabolite graphs

Isotope graphs

Pie Chart G rr!ultiple BUSEL Isotope diskribution {max)
metabolites aroups
Bubkble Plot Plat Relative Intensity Isotope distribution {samples)
®Y (Hime-series) Mulki-
‘Wolcanao Plok Chart Chart

Fold-change Plat

Raw samples column graph

Close

Pathwav

max
intensitv



Graphing

Summary graphs: Bubble plot

Click the bubble plot to see the metabolites according to their detected masses and retention times. Larger
bubbles represent larger relative intensities (compared to the control group)

*Edit graph as you would for

any graph in Excel. 1o0a X
«If only interested in Oc and 5c, 200

delete the extra series (click on BOO

the bubbles and press delete, 700

or right click and ‘Select Data’) 500

*Make it bigger/smaller to suit E 500

*Hover mouse over any point 100 ©0c
to get details of the retention 200 0 5c

time, mass and relative
intensity

Click the X in the corner to
close (or select the graph and
press delete)

200 4
100

RT (min])




Graphing

Summary graphs: Volcano plot

Click the volcano plot to see the metabolites that differ most by p-value (from t-test) and relative intensity.
Points furthest from the origin are most changed.

Intensity Ratio
0.001 v X

*NB: This plot uses log axes. .
Please agree to the Excel
message about plotting O.
*Edit graph as you would for
any graph in Excel. 001
«Change size and included x> B *0c
series as you did for the X mic
bllf’l?(?(l)err?;?:y names are . % u HOAMP X Deh*,fdru:useasternne 2c
overlapping, consider starting - . e o
again with stricter labelling X,

thresholds

# Deoxyadenosine

Deoxyribose W

Pvalue (Ttest)

0.10 1.00 10.00 100.00




Graphing

Summary graphs: Fold-change plot

Click the Fold-change plot to see the relative intensity of all metabolites separately, or grouped by pathway.
This looks better if you have fewer metabolites.

100.00 ;‘g

-NB: This plot uses log axes. = 5 Z
Please agree to the Excel z 2 g
message about plotting O. R = s = E
*Edit graph as you would for 2 & E. . s%  s.zzii £
any graph in Excel. 000 =2 s fEosss s 228 :
«Change size and included S35 3EZECIzEZzoids 43EEC o
series as you did for the S S BIifiiiificE. B3ii i
bubble plot x " 2482353535557 =383, =3

o s = "z " 2 2
*If you grouped by pathway, try x a L 8§ “§ = =
again by plotting all Loo L - : ’ e

metabolites
If too many names are - g
overlapping, consider filtering - .
the list beforehand

0.10




Graphing

Summary graphs

Click the Pie chart button to see a distribution of your identified metabolites (this doesn’t give any information
about changing metabolite levels). (NOTE: the pie chart is the only graph in Ideom that cannot handle filtered data)

Xenobiotics
Peptide(tri-), 37 Biodegradation and

Metabolism, 1
Peptide(tetra-), 23

Peptide, 1

Nucleotide

Metabolism, 26 Peptide(di-), 68

Metabolism
of Cofactors
and Vitamins,
12 Medium
Medpmtaminant, 2 —
Component, 6
Lipids: Sterol
lipids, 7 | jpids:
Sphingolipids, 16
Lipids: Polyketides
Lipids: Prenol3, 1

Biosynthesis of
Secondary
Metabolites, 6

Carbohydrate
Energv Metabolism, 39
Metabolism, 2

Lipids:
Glycerophospholipi
ds, 61

Lipids: Lipids: Fatty
Glycerolipids,7 Acyls, 10

Lipid
Metabolism, 15
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Checking differences

Is the difference real?

Means, standard deviations, t-tests and fisher ratios for each metabolite are available.

Graphs for individual metabolites are the best way to see differences:

Double-click a metabolite name: this gives a column chart with mean peak intensity and standard

deviations as error bars

individual sample. Each sample is coloured according to it’s study group

Double-click a specific cell in column I: this gives a column chart showing the peak intensity for every

100000
50000
80000
70000
60000
50000
40000
30000
20000
10000

0

Adenine

2¢C

5¢

X

W Adenine

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

0 -

Adenine

V616

V627

V637

cmw

cmw

cmw

QCnif2

QCnif3

Qcnif4
V628
V588
V619

Oc
Oc
Oc
1c

1c

V630

1c

2c

Wcmwlvele
mcocmwlIVe27
WcmwlVe37
HmIV590
HmIV6e06
EmMIV626
EmIV636
mQCnifl
mQCnif2
mQCnif3

= QCnifd




Checking differences

Is the difference real?

Additional graphs for individual metabolites are available from the ‘Graphing’ button:

400000 |:

. W Adeni
Please select the type of graph you wish to plot 200000 enine
I mAMP
Summary graphs Metabolite graphs Is 100000 I I 1 B ump
/ O i
- : —
f Campare multiple | custom Oc 1c 2c ¢
: Pie Chart : .
metabolites groups
N 8.00 E
Bubble Plok Plok Relative Intensity 5 4.00
I —> | 200 T I
1.00 1 mOc
Y (time-series) Iulti- i mic
‘olcano Plot Chart Chart 0.50
_} 5.00 - AMP 0.25 2c
0.13 m5c
Fold-change Plot Raw samples colurmn graph 4.00 0.06
-3
£3.00 0.03
E 200 AMP Deoxyribose  Adenine
£ 2.00 -
Close 1.00 4
0.00 T T 1
0 2 4 6
time (h)




Checking differences

Technical note on copying graphs

It is often nice to copy Ideom charts to a Word or Powerpoint file for reports or presentation

Be careful... Office links charts, so that if you do further processing in Ideom (i.e. sorting or filtering) the chart
in Word/Powerpoint will change without you knowing!!

Two ways to avoid this are:
1. After pasting the chart in Word/Powerpoint ‘break the link’ to the Excel chart
2007: Office button >> Prepare >> Edit links to files >> select chart and click ‘Break link’

2010: Office button >> File >> Edit links to files >> select chart and click ‘Break link’

2. Paste as a picture (however in this case you can'’t edit it later)
Paste special >> picture (PNG)

Troubleshooting:

If you have trouble copying a chart, deselect it (by selecting another random cell), then select it again
and then copy.



Checking differences

Is the difference real...? lon suppression?

Occasionally in LCMS an intensity difference is apparent for one metabolite, which is actually due to altered
ionisation (enhanced or suppressed) caused by another chemical (metabolite, salt, solvent, or contaminant).

Internal standards
The best way to avoid this problem is to use isotope-labelled internal standards for every metabolite to
normalise peak intensities. (see new features later in this tutorial)

External standards

Ideom currently supports inclusion of up to 9 external standards for quality control purposes (see Settings
sheet). Intensities for these is plotted for each sample (if present) on the mzMatch page(s) after uploading
data from mzMatch. Normalisation by these standards is not recommended (unless one of them co-elutes
with your metabolite of interest).

Sort by retention time

Sort your results by retention time (column B), and if there are numerous co-eluting compounds (i.e. with
similar retention times) that show the same intensity trend across sample groups then your differences may
be due to ion suppression.



Checking differences

Is the difference real...? Show me the datal!

For absolute confirmation (i.e. before publishing a significant finding), double-check the peaks in raw data: (in
case the intensity difference is due to odd peak shapes, or a peak was missed or not grouped correctly in the
data processing)

3.0e+07

Mouse-over cells in column A to see the extracted chromatograms

Intensity
1.5e+07

0.0e+00

T T
19.0 19.5 200

Double-click the retention time for a specific metabolite (in column B):

RT (m)

This gives you a graph showing the retention time and intensities of all peaks with the same mass

Alternatively (not in tutorial):

e Ctrl-Shift-X : activates the macro to view a selected mass in Xcalibur (mass must be selected first)
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Metabolite Identification

Metabolite identification is the biggest bottleneck in untargeted
metabolomics
Ideom provides the best possible automated identification, however it is not possible to be absolutely certain.

False identifications are usually due to:
1. LCMS artefacts (e.g. adducts, fragments, peak shoulders, noise)

2. Isomers (e.g. leucine, isoleucine)

Metabolite identifications should always be interpreted in the context of the confidence level (column F), and
the number of isomers in the database (column D).

A B C D E k G H 1
u
[¥)
=
-]
-
= max
. Masg ~ |RT |~ |FORMU| ~ Putative metabolite 3 Map - |Pathway - |intensity ~
| L L
5.05 C28H4604| 28 Pi-n-decyl phthalate 7 Jo 0 101385
! 446.34
| r r
. Nucleotide Purine
13.23 C10H13N5 4 Deoxyadenosine 10 = .
251.1 - — [JIMetabolism metabolism
A . Mucleotide 'Purine
16.33 C5H5NS Adenine [N | .
b 13505 —  — - — J IMetabolism metabolism__
A V 'Nucleotide 'Purine
17T 07 ALY ARIES T ~ ARADND —_— AEagE




Metabolite Identification

|dentification verification zl_ J(

Confidence score and information box
Related Peaks (MS artefacts)

Isomers

EIC: Other peaks in the chromatogram
Alternate formulas (including adducts)
Sample intensities and reproducibility

Peak shape

© N o a0 bk~ WD E

Presence of associated metabolites (KEGG pathways)



Metabolite Identification

1. Confidence score and information box

The confidence level (column F) gives an indication of the confidence of identification.

Double-click a cell in column F to get background information about each metabolite to help confirm or reject
the identification (e.g. find L-Tyrosine and double-click on the 8 in column F)

Microsoft Excel @ This metgbolite is identified as L-Tyrosine according to the formula, but there are 11
possible isomers.

Identified: L-Tyrasine L-Tyrosine is expected in these samples according to the KEGG Thbr annotations,
COH1INOS (11 isomers) and this metabolite is in MetaCyc and HMDB.
TrvnDE: TER The detected mass is correct for this formula within 0.75ppm and it was detected in
DE:F'KE(_;G_MHEM_HMDB both pos and neg ionisation, predominantly as the protonated adduct.
The retention time is 3.3% earlier than the authentic standard RT.
Mass: 181,074 (0.75 ppm) Adduct: H mzMatch suggests this is related to L-Valine, but the mass difference is 63.9948,
RT: 15.5 (-3.3% etror) Palatity: posneg which is not a likely adduct.
velated to: L-valine The C13 isotope confirms the presence of 9 carbon atoms (-0.4% error), and there is

mj'z difference; 63,9948 {potential bp) also an 018 isotope (confirming oxygen atoms are present). Fragments for loss of
ammonium and loss of formic acid are consistent with this metabolite containing a
primary amine and carboxylic acid.

The maximum peak intensity is 12727400, which is large (i.e. it is not background
Max Intensity: 12727400 (maxRsh = 0.47) (RSD:QC = 0.08) noise), and the maximum RSD is 0.47 (i.e. Some variability in some samples), but
the QC samples are reproducible (RSD: 0.08). This peak is found at significant
levels in all study groups (Oc, 1c, 2c and 5c).

(Z13 Isokope intensity error(%) = -0.4
Related peaks:x-Fax-MHIxC 153018

Found im: Oc'lc'2c'sc

Ik

In summary, it is highly likely that this peak is indeed L-Tyrosine, but to be absolutely
certain you would need to rule out the 10 other possible isomers

NOTE: This information is stored in the ‘Identification’ sheet. Change the header in column | to access this information directly on the ‘comparison’ sheet.



Metabolite Identification

2. Check Related Peaks

To see the mass spectra of all co-eluting peaks double-click the mass (column A)

The green peak is this peak. The red peaks are related (according to mzMatch). The blue peaks are co-
eluting, but probably not related.

RT:15.5 _
Example: Double-click the
18000000 -+ .
mass for L-Tyrosine.
16000000 1 117.0790
14000000 - Hover over a mass in the
T 181.0740 graph _to see annotations
and click to go to the
10000009 7 ‘alldata’ sheet to
8000000 - interrogate these peaks in
6000000 detall
191.1523 NOTE: This is the only Ideom graph
2000000 - 164.0475 || that cannot be easily re-sized. The
_l 87.8728 [ 810773 361.1375 MS peaks do not move to scale with
0 +—————m» |-..-.|.—|.—|l— S W1 SN N T P N— e ; . | the axes.

Farm: C9H303
Phenylpyruvate

300 400 500 &00d

| add/frag: x-NH3 |



Metabolite Identification

3. Check Isomers

The isomer count (column D) gives the number of isomers with this formula in the database
Double-click a cell in column D to get the list of isomers for a particular formula

Looking at predicted retention time errors and database information you may be able to exclude some
alternatives based on chemical (retention time) or biological (presence in a given organism) factors

(e.g. find L-Tyrosine and click on the 11 in column D)

(RTerror%:) METABOLITE --- DATABASES === PATHWAY MAP retention time Of an authentic Sta..ndard' .
(s-3.3) L-Tyrosine -— TBR _KEGG_Metacyc_HMDE =33 Amino Acid Metabolism * Nevertheless, it could be a tyrosine or phenylserine
(243 3-.ﬁ.minn-S-H-h';.-'dr-:uxy_phenyI]lpru:upanu:uate --- TBR _ KEGG_Metacyc_HMDE === Amino Acid Metabolism isomer, or 3_Amin0_3_(4_hydroxypheny|)propanoate_
(23,71 L-threo-3-Phenylserine  --- _KEGG_Metacyc HMDE =33 . .
(32.2) D-Twrosine --- _KEGG_Metacyc === Amino Acid Metabolism * The aminoxy and pyrldyl Compounds are much less
(32.2) o-Tyrosine - _Metacyc HMDB > _ likely based on their physicochemical properties (Rt).
(32.2) Tyrosine --- _ KEGG === Biosvnthesis of Secondary Metabolites . . .
(41.7) 4-hydroxy-4-(3-pyridyl-butanaate - _ Matacye >>> * L-Tyrosine remains the most likely based on genome
(51.1) &alpha;-aminooxy-&beta;-phenylpropionate  --- _ Metacyc »»> annotations for this organism.
(2373 L-erythro-phenylserine - _Metacye ===
(23.8) L-threo-phenvlserine --- _ Metacyc »=>=
(41,77 4-Hwdromw-4-(3-puridyl)-butanoicacid  --- _HMDE ===
NOTE: RT errors are expressed relative to the predicted
retention time for that metabolite structure. If an
authentic standard retention time is in the database, the

error is prefixed by an “s”.



Metabolite Identification

3. Check Isomers

To find out more information about a particular metabolite (or structure), use the
weblinks in columns G and H

Column G weblinks run a search in Chemspider for that particular metabolite

If you prefer another website (e.g. Pubchem, Google, Wikipedia, BioCyc, KEGG) you can change this
in the settings sheet, cell AG29 (scroll across to the right).

Double-click column H to open a form with links to many common metabolite databases

Columns G and H can be changed by selecting another header (cells G1 & H1)

The hyperlinks in column G remain the same (e.g. Chemspider) regardless of the header.

~ - L

o o . i
= -E maxintensi
1 |Mas=~ RT |~ |FORMU| ~ L_?*' name ~| f. Map - |[Pathway Z ~
i Amino Acid | Pathway =
164.05 4.49 CIHEO3 13 Phenylpyruvate 10 |7 . . . |KEGGpath 5

Metabolism | kEcgid=

r .
Nucleotide |Lmid#
242.09 7.149 C10H14N2( 1 Thymidine 0 — a0

= Metabolism | MetacycID#

r _|casz
Metabolism
7.151 CeHBN2O A Nicotinamide 10 |/ |CHEBI=

r

h| F

NOTE: You may
change the metabolite
by selecting the
metabolite name in
column E, then
clicking the down-
arrow that appears to
the right, then select
the alternative isomer
from the dropdown
list.

NOTE: If your

computer is
running slowly you
may switch off
hyperlinks in the
tools menu



Metabolite Identification

4. EIC: Other peaks in the chromatogram

If there is more than 1 isomeric peak detected in the dataset, the formula will be coloured red.

Assignment of each isomeric peak to the correct metabolite is initially based on retention time. Alternatively it
is based on the assumption that the ‘most biologically likely’ isomer is the most intense peak in the data.
Double-click on the retention time to see the intensities of all isomeric peaks in the dataset. E.g. double-click

the retention time for Citrate

Isomericpeaks: 192.027

3000000 -

2500000 - ‘
2000000 - ¢
oy
3 X
£ 1500000 B
2
£
1000000 -
500000 F
X
0 . T “ T T T T T T
0 5 10 15 20 25 30 35 40 45

RT (min)

@ Citrate

W cmwlIV616

A cmwlV627

X cmwlV6e37

X mIv590

® mIV606

+ mlIve26

= mIV636
QCnifl

@ QCnif2

B QCnif3
QCnif4

X 0clv586

X 0clve17
0clv628

+ 1clv588
1clv619
1clV630
2c¢lv602
2c¢IV622
2clv632
5clv604
5clv624
5clv634

This shows a very large peak citrate, in
addition to some other smaller peaks. They
could be chromatographic artefacts, or
artefacts from other metabolites, but may be
less abundant isomers.

Follow the prompts to double-check the
signal in raw data.



Metabolite Identification

5. Check alternative formulae

Double-click the in the formula cell to see if this mass might be another formula (within the ppm error) or an

adduct other than H*

Best formula:

Mass: 222.0672 RT: 23.71

Adduct

ppm

CTH14MZ045
Charge: 1 . L-Cystathionine
#Carbons (C13isotope): Mot Detected

Related peaks:

Possible common adducts...

H+
(-4 ppm) C15H100Z (5 isomers)... 2-Phenyl-4-benzopyron SeRTerror; 76,2
(-1.1 ppm) CFH14M204S (4 isomers)... L-Cystathionine %GRTerror: 0.65

Ma+:
(-28.4 ppm)  CPH12M402 (1 isomers)... 3,6,8-Trimethylalantoin %R Terror: 100

K+

MH3+:
(-92 pprn)  CBH1SMOS2 (1 isormers)... Lipoamide %eRTerror; 74,9
(15.2 ppm) C1OH7NO4 (2 isomers)... ¥anthurenic acid %R Terror 67.7
-
(-52.2 ppm)  CBH14M203 (1 isomers)... Ala-Pro %RTerror: 25

Fé&
(-22.4 ppm)  CFH1205 (7 isomers)... (25)-2-Isopropylmalate %R Terror: 71.1

ACM:
(-8.7 pprm)  CEHZMNSS (2 isomers)... thinadenine S-methylether %RTerror: 56.2
(-1.3 pprn)  CSH1IMO4S (1 isormers).., DL-Methioning sulfone %R Terror: 21.5

MeOH:

(16,5 pprn)  COHEN203 (1 isormers)... 4-Mitroquinoline N-oxide %R Terror: 68.6
H20-loss:

(13.1 pprn)  C1OH12NZ05 (1 isomers)... Dinoseb %GRTerror 76.2
2+
(-15.7 pprn)  C1SH28M20115 (1 isomers)... desacetyimycothiol %R Terror: 100
(46,5 ppm)  C17H24M40652 (1 isomers)... Cys-Cys-Gly-Tyr %R Terrar; 57.8
3+
(-30.5 pprn)  C24H42021 (14 isomers)... Glycogen %RTerror: 100
(33 ppm) C30H34017 (1 isomers)... [Fv] Maringin 6'-malonate %R Terrar: 76.2

(49,5 pprn)  C8H14055 (2 isomers)... 2-(3-methylthio)propylmalate @R Terror 73.9

(-39 pprn)  CSH12ME (1 isomers)... methylghyoxalbis(guanylbydrazone) %R Terror: -93.8
(7.5 ppm) ClOH1603 {9 isomers).. 1,6,6-Trimethyl-2,7-dioxabicyclo[2.2.2 Jnonan-3-one %R Terror 72.6
(7 ppm)  COH1404 (2 isormers)... cis-2-Carboxyoyclohexyl-acetic acid %R Terror 73.7

(17.8 pprn)  COHBN202 (3 isomers)... 4-Hydroxyaminoguinoline MN-oxide %R Terror; 71,9

(-2.7 ppm) C15H12032 (12 isomers)... [PK] Chrysophanic acid S-anthrone 2GR Terrar: 72

(7.6 ppm) C13H1202 (6 isomers).. (+)-(35,4R )-cis-3, 4-Dinydroxy-3, 4-dinydrofluorene %R Terror; 71.5

(17.2 pprn) CEHFMO4 (3 isomers)... 2-Methyl-3-hydrosy-S-formylpytidine-4-carbosxylate 2R Terror: 70.4

(-35.6 ppm)  CFH1006 (4 isomers)... [FA hydrosxy(7:1/2:0)] 2,4-dibydrosy-2-heptenedioc acid %R Terror: 67.2

j| H+ j| -1.1  Update Formula

Search for

formula with:

Formula Check: possible alternative formulas @

R CDK

Chemspider

wealibur

MZedDE

E.g. L-Cystathionine

This shows that the cystathionine formula for
the H+ adduct is the best alternative.
Cy5H,00, is also within 4ppm, but much less
accurate than C,H,,N,O,S

Alternatively, it could be an acetonitrile
adduct of DL-Methionine sulfone, but the
retention time is not very accurate.

- Try changing the entry to C;H;;NO,S by
selecting this formula and the ACN adduct
from the boxes at the top, and click ‘update
formula’.

(then change it back to cystathionine)

- To look up other possible formulae, not in
the ldeom database, use one of the external
links at the top right.

RCDK will give an unbiased list of
possibilities (may take a few minutes).
Chemspider and Xcalibur simply copy the
mass for you to use in their own search
engines.



Metabolite Identification

6. Check sample intensities and reproducibility

Double-click the in column | to see plot of individual samples with raw intensities
" check peak intensities relative to LOQ

- check reproducibility in your samples of interest

W cmwlVel6
B cmwlVe16 .
Glu-Asp-Thr B emwiV627 L-Alanine B cmwiV627
W cmwlVe37 M cmwlV637
3500 B mIV590 25000000 B mIV590
B mIV606 B mIV606
(300°> B mIV626 B miV626
B mIV636 20000000 W miV636
2500 W QCnifl M QCnifl
M QCnif2 [ | QCn!fZ
2000 B QCnif3 15000000 " QCnif3
m ocives m 0586
1500 - W 0cIV586 c
B OcV617 10000000 BOcV617
1000 - W 0cIV628 :(;c:xg;g
B 1clV588 c
500 - B 1clV619 >000000 B 1cIV619
B 1cIV630 B 1cIV630
0 - B 2cIV602 o - :gc:xggg
enNoVLVLOdNNFENRIAQANNTY Ty W2cV622 OCRNNOWVWOUOUANNST ON®NMNNO N NN T I ¢
C08PNETB8 O NV OL83 00 M3 SOOI pEEEE S dn o d ey g M2aV632
22222228888 =2=2=2=2=22222222 gs5ve04d >>>>>>>0000>>2>2>>2>2>22>22>22>2> 2> B 5cIV604
$33EeEEeddddgggsgsgLLEss c SSSEEEe000055555555555 0
g EgE OO0 HdHHAdANCN N L LN N W 5clvVe24 g EE OO0 -HdHdHANNNL LN LN M 5clve24
°ee M 5cIV634 568 S W 5ciV634




Metabolite Identification

7. Check peak shapes

Hover mouse over the mass in column A to see extracted peaks

- Ideally guassian peaks, some subjective judgement required

x Glu-Asp-Thr / L-Alanine

e
g | med ? N CITYW
= T z ’l_:IEj
— Oc o 2
o | 0c
£ 2 5c s = 2c
S g % -
E o £ &
D — -
o
-] =
o
o - & —
| | [ | | | = | | | | |
o
20.8 21.2 21.6 175 180 185 1890 195

RT (m) RT (m)




Metabolite Identification

8. Presence of associated metabolites (KEGG pathways)

The presence of biochemically related metabolites increases the confidence of identification

R

131.085

14.04 CAHI13NDZ

Ll

130.063
hl

116.047
|

117.079

5.459 CoH1003

5.744 CSHEO3

15.44 CSHIIND2

bl

173.069

15.36 CVHIIND4

b

240.147

15.67 C12H20M203

M _ ) ) Valine, leucine and
Amino Acid Metabolis -

isaleucine

_ ) A 'Valiﬂe, leucine and
Amino Acid Metabofism —

isaleucine

f . ) \ '\.*aliﬂe, leucine and
Amino Acid Metaboysm ————— 00— —

isoleucine

. ) ) ’\.*aliﬂe, leucine and
Amino Acid Metabolis -

izoleucine

. - F_
Biosynthesis of Secondary [5R]

biosynthesis

b

445.339

5.05 C28H4604

L]

202.095

19.87 CBH14N204

bl

270.053
|

255.046
hl

389.072
hl

179.079

5.406 CLSHI0OS

17.2 CEHIANOER

17.87 C11H20MO12¢

25.04 CAHI3NDS

L]

12 L-Leucine 10
(5)-3-Methyl-2- f
17 — 8
— oxopentanoic acid =
3-Methyl-2-oxobutanoic
2 id ]
r
16 L-Valine 10
5 {25,55)- 5
= carboxymethylproline = |Metabclites
2 Slaframine 5 -
= = |Metabolite
'Bicswhes
22 3-Dehydroteasterone 3 -
- = |Metabolite
L [Biosynthes
5 Proclavaminic acid 5 -
= = |Metabolite
24 Apigenin 6
< hpgenin —  |Metabolites
alpha-D-Glucosamine 1- 3 §
~ phosphate =
_ M-Acetylneuraminate 9- 3
~ phosphate =
r
10 D-Glucosamine 10

o . r
Biosynthesis of Secondary

Alkaloid biosynthesis Il

s
. L . .
is of Secondary Brassinosteroid

s bigsynthesis
r
is of Secondary Clavulanic acid

5 biosynthesis
. ) - :
Biosynthesis of Secondary Flavonoid

bigaweseagl: Isoflavon

Aminosugars

metabolism
r r

Aminosugars
metabolism

r

\ Aminosugars

Carbohydrate Metaboli = -
metabolism

Carbohydrate Metaboli

Carbohydrate Metab

4 r

Or, use the ‘Targeted’ tool to check all metabolites in a pathway
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|dentification verification zl_ J(
Column

1. Confidence score and information box F

2. Related Peaks (MS artefacts) A

3. Isomers D

4. EIC: Other peaks in the chromatogram B

5. Alternate formulas (including adducts) C

6. Sample intensities and reproducibility I

7. Peak shape A

8. Presence of associated metabolites (KEGG pathways) G/H

9. MSMS data — see part 3



ldeom Tutorial: Part 2

Data Interpretation/Visualization Tutorial plan
* Getting Started

Finding differences

- sort
- filter
- graph

* Checking data integrity “Is it a real difference”
* Metabolite Identification
* Exporting to external programs or websites

* Changing groups for comparison



Export data to use external metabolomics applications

Export for analysis

Click on the “Export for analysis” button to access export options

G H | J K
a 0 Oc 1c
E ‘E max
1 Mass RT FORMULA % Putative metabolite B Map Pathway intensity
I F 4
Export for data analysis [5__<
Multivariate Pathway /Network Other
Statistics analysis =
=] Pathos ‘ M3/MS include lisk

PCA, HCA and Heatmap
[automatic generakion

Metaboanalyst

Ilzer-frienly stats website
v, mekaboanalyst . ca

KEiata pathwas
hikkp: ffmnokif . gla.ac, uk/Pathos]

Metexplore ‘

MetaZwe networks
v, metexplore, fr

Creates a text File with rfz
and RT far Further analytical
wotk

Isotope labelling

Targetted isobope search
in mzrmatch, R

Close

ac

ttest: 0c  ttest: 1c




Export for analysis

Export data to do multivariate statistics in R
e —— | ()]
| Statistical tests and plots in R

MUIti'grDUp stats Note: These functions use the
‘metabolomics’ and ‘mzmatch.R' R o
7 iPCAl packages. http:ffcran.r- @ 7 g * SerumA
I_: : project.orgfweb/packages/meta ® SerumB
HCA bolomics/ and o | g @ SerumC
™
V¥ Heatmap mzmatch. sourceforge. net e SerumD
[” Mean/Median/SD chart (samples) (aE S
[~ Relative Log Abundance plots (across samples) @ o g s
™
Two-group stats | Treatmentvs Control | £ o |
[ Rank Products Analysis -
9
[ T-test (log-data adjusted p-values) ' $
| | | | |
-10 10 20 30 40

Individual metabolites (please filter selected metabolites first)
™ Box-plots

Import results
’7 [” Import data to IDECM Cancel |

L

If you are familiar with R you may do additional analyses:
The peak intensity data are in “PeakTable”
Samples in rows
Metabolites in columns

Group names in “sampleclasses”

PC1 (54.3%)




Export for analysis

Rank Product analysis

G H | J K L M M 0
a Oc 1c 2c ac ttest: 0c  ttest: 1c
E max
FORMULA @ Map Pathway intensity
I F I 1 F F |
rome o — |,
_ _ | Statistical tests and plots in R
Option to do a two-sample comparison Multi-group stats Noe: Tese fnconsuse the
(treatment vs control) or for each study group % bch] p”;igﬁg‘;:."‘:g;%?;ag? .
™ Hea otomics] and oI
to be compared to control group | e e
Results are imported to IDEOM in the columns | Mean/Median/SD chart (samples)
. .. [ Relative Log Abundance plots (across samples)
to the right of existing data I
_ Two-grou stats | Treatmentvs Control |
Ea_lch two-sample comparison has a test for C‘r o Products AH'DQS
increased abundance and a test for [ T-test (log-data adjusted p-values)

decreased abundance Individual metabolites (please filter selected metabolites first)

il r Box-plots

Cancel

[~ Import data to IDEOM Analyse

wikipedia.org/wiki/Rank product I Tmport results




Export for analysis

Export data: Metaboanalyst

Metaboanalyst is a very useful, and user-friendly, website for metabolomics analysis (particularly multivariate
statistics).
This website is managed by the metabolomics group in Alberta, Canada. Contact them (Jeff Xia) if you have any questions or problems.

After going to the analysis website, select

“Concentrations” or “Peak Intensity ' MetaboAnalyst
Table” then upload the “StatsTable.csv” “ o . _aweb se
file (in the same folder as your ldeom ! “ I .
file) and submit. ST A ;
The WebSite Wl” gl-"de YOU through the f;leome Enrichment Analysis Pathway Analysis Time Series Other Utilities

data checking and normalisation steps.
1) Upload your data ( pata Format )

If unsure, skip the data filtering, select
no row-wise normalisation, and
autoscaling (or paretoscaling) for
column-wise normalisation.

Comma Separated Values (.csv) :

Data type : Concentrations (| Spectral bin€ @ Peak intensity table
E»

Format: Samples in rows (unpaired)

Select the analyses of your choice from
the menu on the left

G D

Data file :

Choose File | StatzTable.csv




Export data: Pathos

Pathos is a user-friendly website for mapping metabolomics

data onto KEGG pathways
This website was developed in Glasgow.
Contact David Leader if you have any questions/problems/suggestions.

Pathos

From Mass Spec Peak to Metabolic Map

Feedback Instructions

Export for analysis

ATHOS is a web facility that allows one to display metabolites identified by mass spectrometry in the
context of the metabolic pathways in which they occur. Textual output provides a listing of areas of
metabolism, with the option of generating a Kegag map (http://www.genome.jp/keaga/) on which
identified metabolites are marked. Input data may consist of either experimental M/z values from mass
spectrometrometric peaks, or refined lists of metabolites generated from the mass spec. data by other means.
Quantitative data for the abundance of metabolites in different experimental conditions may be included in the
input file. In this case changes are indicated by colour-coding, and clicking on metabolites on the maps generates
appropriate bar charts. New users should consult the on-line Instructions (menu bar, above) or the Instruction
Manual, and may wish to download the example files provided.

Instruction manual

Select and Upload File

Upload

)

pathus_KEGG® (

Select a suitable data file and then click "Upload'.

& data-analysis tool from the Scottish Metabolomics Facility

Example files

David P. Leader [University of Glasgow)

After going to the Pathos website, choose the
“‘pathos_KEGGlist.txt” file (in the same folder as your
Ideom file) and ‘Upload’.

Follow the steps on the website (i.e. select your organism)
and hit ‘Run’.

Browse data by pathway by clicking the V buttons, or
generating each map

Click G buttons to view graphs of metabolite levels (or click
the coloured metabolite spots on the maps)

Click metabolite names to view metabolite info
Mouse-over chemical formula to see isomers in the pathway

Arginine and proline metabolism: 34 metabolites out of 80

Generate map o Arginine and proline metabolism ighlighting potential metabolites.

Glycine, serine and threcnine metabolism: 19 metabolites out of 45@
O?l-'_-i.'l'ni'nc:rc:a'n-z-cl C3HSND
E 2-Oxobutanocate C4HE03
Betaine COH11NG2
Bataine aldehyde CSH12NO
B choline CSHL4NO
Creatine C4HINIOZ2




Export for analysis

Export data: Metexplore
Metexplore is a powerful website for mapping metabolomics data onto A
MetaCyc networks, which can be viewed with Cytoscape | il " ene i

This website is was developed in Toulouse, France. Contact Fabien Jourdan if you have any questions/problems/suggestions.

MetExplore

After going to the Metexplore website,
select the biosource (organism), choose
the “metexplorelist.txt” file (in the same

Metexplore | Metabolome Mapping | Computational Analysis | Export | Signin | folder as your ldeom fi|e), select ‘Yes’
for the first line corresponding to
Select a biosource < Homo sapiens BioCyc TD headers, and ‘Map Identifiers’
Upload a compounds-intensities list me File I Metexplorelist.bod = NOTE TO Stan‘:‘ from the Metexplore rlome_
page select “Metabolome Mapping” >>
or paste your data into the field below “Map |dentifiers”
2|
Additional options are available in the
‘Filter’ tabs at the top of the screen (e.g.
Load the example filtering pathways or metabolites)
Is the first line correspond to the headers of the Yes ||
columns? )
No Select ‘Launch Cytoscape’ to view network

( Map |dentifiers ]
—



ldeom Tutorial: Part 2

Data Interpretation/Visualization Tutorial plan
* Getting Started

Finding differences

- sort
- filter
- graph

* Checking data integrity “Is it a real difference”
* Metabolite Identification
* Exporting to external programs or websites

* Changing groups for comparison



Compare 2 Groups

Changing Comparison groups

Allows you to choose different control and treatment groups for a pairwise comparison

1 Mass RT FORMULA

confidence =

Samples to compare are chosen from alldata sheet

Results are written to columns at the right

Relative intensity
P-value (t-test)

Mean intensities
Optional:

e Standard deviations

e Fisher ratio

Untargeted search for
Isotopes/Adducts

Mormalise |

Mormalise by internal
standards or other values

Single Metabaolite

Extracts all data for a
chosen metabolite

Targeted Analysis

Search data for spedfic
metabolites or pathways

Statistics

Z-transformation

Analysis of each group
against the 'contral’

Compare 2 groups

Compare a sample/group
against a different control

Medium comparison

Chedk which metabuolites
arise from growth medium

Correlation Matrix

Between-metabolite
instensity correlations for
incuded samples

Close |

ttest: Oc _ ttest: 1c

Switches

{Turn off to make files

rastersmaler)

MetaCyc reaction info

oM O OFF
Web Hyperlinks
oM O OFF

* Auto Calculation

™ Manual Calculation

Show Raw Data

Show raw data from each
sample on Comparison sheet

Induded samples

Show raw data for 'sample’,
'control' and 'treatment’



Changing Comparison groups

Compare all groups against another control group
You may change the control group and re-run the ‘Comparison’ (step 8)
You may also include/exclude other groups from the new ‘Comparison’

1. Go to the ‘Settings’ sheet

|T4ﬁ4 b M| zlBasePeaks Cornparison Identification - Rejected = ""-—mnr-ﬂlw:ll|'=1n:-'-=n'-'ll===m-'-'-n'umlmr TooLs[ [ il N
IRead}.r e = | =i
2. In column H, change the set-type for each group H | ] K L

You should always assign 1 ‘control’ group STUDY GROUP INFORMATION:

NB: you cannot assign more than 1 ‘control’ group Set-Type: 'ﬂ a'mamm' v 1
Assign a ‘treatment’ group for two-group comparisons/exports Blank|1st set: i 3 o
All other included groups should be assigned as ‘sample’ Exclude;2nd set med 2 2

OCi3rd set: ac a4 7
‘Exclude’ groups that you don’t wish to compare Control . dth set- e 3 11
Sampleisth set: ic 3 14
Sampleigth set: 2c 3 17
Click step 8 ‘Compare all sets’ to re-calculate the comparison Treatmentf v nset: 5¢ 3 20
- set:
. Blank
sheet based on the new group settings Control set:
Treatment .
Caution: if you choose ‘yes’ to including all base peaks it will take much longer gc g E: “:'
tandards Set:
' ' — Lh set:
{13th =set:




Part 3
Additional features of IDEOM



New and additional IDEOM features

Additional Features

Further Data Analysis

Isotope search (for stable-isotope tracing)

Single metabolite data extraction
Medium comparison
Heat maps in IDEOM

Normalisation

Fully labelled internal standards
Signal based (eg. TIC)
User-defined

Targeted Analysis

Standards (3 mixtures)
* Show all charts
Calibration
Quantification
Pathway profile

Reporting

Metabolights export

MSMS annotation

General IDEOM tools
 Annotate DB
* Import experimental methods
» Import data from old IDEOM file

General R Scripts
« TIC checker
« Get all chromatograms
» Filter peakml file (create pdf)
« XCMS processing

Excel functions
 Function formulas
e Mass names

New applications
« GCMS (low res)



Additional Features

TOOLS

Further Data Analysis

» Isotope search (for stable-isotope tracing)

« Untargeted search for all possible
isotopomers of a list of metabolites

Statistics

Z-transformation

Switches

TH— T + = ] (.
N O 1D make TIes

MetaCyc reaction info

. . Untargeted search for Analysis of each group " OoN " OFF
(or unidentified features) Isotopes/Adducts against the ‘contral Web Hyperlinks
Con O OFF
Mormalise Compare 2 groups
° . - &+ Auto Calculation
Supports' Mormalise by internal Compare a sample fgroup
. 13C standards or other values against a different contral " Manual Calculation
15
° N Single Metabaolite Medium comparison
d 180 Extracts all data for a Check which metabolites SILEiTE
2 chosen metabolite arize from growth medium Show raw data from each
* H sample on Comparison sheet
. . Targeted Analysis Correlation Matrix
« User-defined mass difference Inciuded samples
Search data for spedfic Between-metabalite

« User manually selects the samples or
groups of samples from mzMatch
sheet (imported peaks)

* Export menu allows targeted isotope
search in raw data through mzMatch.R

metabolites or pathways

instensity correlations for
induded samples

Close |

Showe raw data for "sample’,
‘contral’ and "treatment’

The data in the workshop doesn’t contain
isotope tracers, but you can still search for the
natural isotopomers.




Additional Features

Further Data Analysis

Isotope graphs (for stable-isotope tracing)

» Specific plots to view labelled isotope patterns

Graphs

X

Please select the type of graph you wish to plot:

Summary graphs

Metabolite graphs

Isotope graphs

Pie Chart ol rr!ultiple usiiajit Isotope diskribution (max) “
metabolites aroups

Bubhble Plat Plot Relative Intensity Isotope distribution (samples)~
®Y (time-series) Fulki-
Wolcano Plot Chart Chart

Fold-change Plot

Raw samples colurmn graph

Close

/N

Relative Abundance
o o o o
[en] [ R%] N ()] [a=]

Intensity

H Qrotate
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Additional Features

Further Data Analysis

TOOLS

Single metabolite data extraction
» Extracts data for chosen metabolite onto a fresh sheet for you to edit/analyse/graph/etc

A

PeaklD|p145 Individual Samples cmwIV61E cmwlIV627 cmwIVE3i mIV590 mIVE06 mIVE26 mIVE36 QCnifl  QCnif2  QCnif3  QCnif4  OclV!
Mass|89.04754826 Intensity 11201.57 12567.27 6929.839 1549069 1396850 1341762 1199859 15790578 17033726 19777474 17520074 212€
RT|18.15107254
FORMULA|C3H7NO2 Raw Peaks 12C 11201.57 12567.27 6929.839 1549069 1396850 1341762 1199859 15790578 17033726 19777474 17520074 212€
IsomErSIB 13C:1 454.2564 466.7438 0 45147.43 40304.58 40117.56 35411.39 521819.4 576787.4 662178.8 594624.7 722
name|L-Alanine |Ad 13C:2
confidence|10 13C:3
Map|Amine Acid Metabalism Total 11655.83 13034.01 6929.839 1594217 1437155 1381880 1235270 16312357 17610513 20439653 18114699 219§
Pathway|Alanine and aspartate metabolism  Cysteine metabolism  Taurine and hyootaurine metabolism  Selencamine acid metabolism  D-Alanine metabolism  Carbeon fikation  Reductiy
DB|KEGG_Metacyc HMDB Groups %ISOTOPES 12C 13C:1 13C:2
TrypDB|Trypanocyc_TBR Replicate# 1 2 3 4 1 2 3 4 1 2 3
KEGGid#|C00041 Blank cmw 96.1 96.4 100.0 3.9 3.6 0.0 0.0 0.0 0.0
INCHIkey|QNAYBMKLOCPYG)-REOHCLEHSA-N |Exclude med 97.2 97.2 97.1 97.1 2.8 2.8 2.9 2.9 0.0 0.0 0.0
Synonyms|L-2-Aminopropionic acid_L-alpha-Al4QC qc 96.8 96.7 96.8 96.7 3.2 3.3 3.2 3.3 0.0 0.0 0.0
SMILES|C[C@H](N}C(D)=0 Control Oc| 96.7 96.8 96.7 3.3 3.2 3.3 0.0 0.0 0.0
logD (3.5)]-3.01 Sample 1c| 96.6 96.6 96.6 3.4 3.4 3.4 0.0 0.0 0.0
pos (3.5)|0.999993 Sample 2¢| 96.6 96.6 96.6 34 3.4 34 0.0 0.0 0.0
neg (3.5)|0.909090909 Treatment 5c| 96.7 96.7 96.6 3.3 3.3 3.4 0.0 0.0 0.0
HBD(2
HBA(3 Groups STATISTICS
RT%err|-1.94 Replicatett 1 2 3 4 Mean Std Devial Rank Prod FDR (pfp)
Polarity|pos Blank cmw 11202 12567 6930 10232.89 2940.902
Charge|1 Exclude med| 1549069 1396850 1341762 1199859| 1371885 144358.2
Adduct|H Qc QC| 15730578 17033726 19777474 17520074( 17530463 1665644
PPNMc|-0.356407562 Control 0c| 21263636 22111052 18499816 20624835 1888467 1 1
altPPM|-0.356407562 Sample 1c| 18038434 21596556 18175858 19270283 2015783 1.70683 0.676938
Cisotope %error(0.1 Sample 2c| 21673822 19500122 21906626 21026857 1327305 1.16056 1.04087
Related peaks|x018xACNXC13 Treatment 5c| 19485856 18375800 19693176 19184944 708365 1.325707 0.906077
BP|L-Alanine
mzdiff(0 Groups RELATIVE
relation.ship|op ADJUSTABLE Replicatetf 1 2 3 4 Relative nRSD T-test Fisher Ratio
addfrag| Blank cmw| 0.000527 0.000568 0.000375 0.000496 0.287397' 0.002786 119.1599
Groups|0c'lc'2c'5c Exclude med| 0.072851 0.063174 0.072528 1199.859| 0.066516 D.105226' 0.003083 103.3345
max intensity|22111052 QrC QcC| 0.742609 0.770372 1.069063 17520.07| 0.849969 D.DESlel' 0.085698 1.510112
RSD:QC|0.1 Control 0c| 1 1 1 1 0.091563 " 1 o
maxRSD|0.1 Sample 1c| 0.848323 0.976731 0.982489 0.934324 0.104606' 0.443706 0.240483
Detections|12 Sample 2c| 1.0192% 0.881917 1.134154 1.019492 0.063124' 0.779568 0.030334
codadw|0.991403218 Treatment 5c| 0.916393 0.831069 1.064507 0.930187 0.036923 " 0.317898 0.509646
EIC Rel Intensity|1
lcnmaric naakel? (12 7 72 21

[ L-Phenyllznine L-Alanine - zlBasePeaks Comparison Identification

—phiZmateh— —niZmateh— settings _arizs{ 4] I B




Additional Features

Further Data Analysis

*  Medium Comparison

Mostly the same as the ‘Compare 2 groups’
function

Additional feature annotates if lowest sample

intensity is below the highest medium intensity

Di-n-decyl phthalate notfrom
120000 medium
100000
80000
60000
) from
medium me?ium
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MWomwlVe37
EmIV530
EmiV6e06
EmMIV626
EmIV636
mQcCnifl
mQcnif2
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mQCnifd

W 0clV586
mOclvel7
mOclvb28

W 1clV588

W 1clV619

W 1clV630

W 2¢cIV602

W 2cIV622

W 2cIV632

W 5clvVe04

W 5clvVe24

W 5clV634

RS | =

Tools

Isotope Search

Untargeted search for
Isotopes/Adducts

Mormalise |

Mormalise by internal
standards or other values

Single Metabaolite

Extracts all data for a
chosen metabolite

Targeted Analysis

Search data for spedfic
metabolites or pathways

Statistics

Z-transformation

Analysis of each group
against the 'contral’

Compare 2 groups

Compare a sample/group
against a different control

o comperion
|

Checdk which metabolites
arise from growth medium

Correlation Matrix

Between-metabolite
instensity correlations for
incuded samples

Close |

TOOLS

Switches

{Turn off to make files

faster'smaller)

MetaCyc reaction info

oM O OFF
Web Hyperlinks
oM O OFF

* Auto Calculation

™ Manual Calculation

Show Raw Data

Show raw data from each
sample on Comparison sheet

Induded samples

Show raw data for 'sample’,
'control' and 'treatment’



Additional Features

Normalisation:

Fully labelled internal standards (IS)

« Mass error and RT windows define search
parameters to locate fully labelled internal
standards (NB: features must have a
formula in column C)

+ All peak intensities are divided by the
corresponding IS intensity for each sample

* |S intensities are shown on the alldata
sheet to allow you to check that they are
correctly identified

* Features without a detected IS are
normalised by the nearest two IS based on
retention time

» Users may enter a specific IS to be used
(or skip the normalisation) for each
metabolite

TOOLS

o e N =

Metabolite-specific
Internal Standards Settings
Mormalise with | -
labelled IS
RT window (min):[ 5 5
Mormalise with universally 13C- |
labelled Internal Standards £ samples: l_ |
(eq. E. coli extracts) Pl 23 I
Non-specific
(sample-based)
Mormalise by Flease select a - -
samples or E5 normalisation option:| Median Identified Peak j
Median Identified Peak -
Mormalise by average sample Mean Identified Peak =
signals, external standards or IUser Defined (from settings shee
user-defined values TIC

Median Eall iniut ieaks:ll
Theophylline
Close 5-Fluorouridine =

The data in the workshop doesn’t contain fully
labelled internal standards.




Additional Features

Normalisation:

Non-specific normalisation

NB: This normalisation is not recommended for
LCMS data except in unavoidable, well-defined
circumstances

« Median/mean identified peak, only uses
metabolites from the identification sheet (i.e. less
bias from noise)

« TIC and median uses all input peaks

» User-defined divides intensities by the values in
column R of the Settings sheet (e.g. enter cell
counts or protein content)

« Manual Entry allows you to enter values for each
sample on the fly

» Further normalisation options are based on the
external standards present in the Settings sheet
(columns U:AD)

TOOLS

Metabolite-specific

Internal Standards Settings
Mormalise with Mass Error (ppm): | 3
labelled 15
RT window (min):[ 5 5
Mormalise with universally 13C-
labelled Internal Standards # camples:
(eq. E. coli extracts) - 43
Non-specific
(sample-based)
Mormalise by Flease select a - -
’ normalisation option: Median Identified Peak| j
Median Identified Peak -

Mormalise by average sample
signals, external standards or
user-defined values

Mean Identified Peak |
IUser Defined (from settings shee
TIC =

Median (all iniut ieakslll
Manual Enfry

Theophylline

Close

5-Fluorouridine =




Additional Features

Targeted Analysis

Enter Targeted Metabolites

Enter Custom Metabolite list

Alternatively, use the options below to autmatically enter target metabolite lists

Select Individual Metabolite(s)

| 1-Methyladenosine j
Adducts: 7 |
F :a :_ ii Enter Metabaolite
Mk [T H2o
[ nH3 Mc
[~ acn [~ User: 46.00543
Isotope/Labelling: ,_ .
[T 13c [~ 180 incorporations T
MCisn o2 | 3
Get related
. MetaCyc reactions
metabolites from:
Biotransformations KEGG pathways

===

Metabolites for your targeted analysis can be manually typed into columns &, C or E as Masses, Formulas
!| orMames . (Mote: names must be present in the DB sheet if you don't specify a mass or formula).

Generate Standards list

Predefined lists of standards for retention time calibration can be
entered on a new page here (default lists are from ScotMet):

I Standards1 j Load Standards list |

Import peak list from another IDEOM sheet

Enter metabolites detected in your untargeted analysis on a new page
for further analysis:

| Identification j Load IDEOM list |

Get all metabolites from a KEGG pathway
Select a pathway and all metabolites will be entered on a new page

I Glycolysis [ Gluconeogenesis j Load KEGG pathway |

Close |

TOOLS



Additional Features

Targeted Analysis

Detect and Measure specific metabolites
Select the ‘Targeted’ sheet, or choose ‘Targeted’ from the TOOLS menu on the Settings sheet

Rejected &= == aMZmatch— settings lmr‘uln':ql|-=m.'-r‘inf.-un:lm:(.mu:u::-r)TDGLS ! il !

|FHH R alBasePeaks Comparison Identification
IRead}' e | EH|[E

Follow steps (i) to (iv) (skip step 3 if using data already uploaded to IDEOM)

i)

G H | J K L

A B - D E F
|
h_ﬁ 4 i) searchin TOOLS
ofrom DE = mMsfile(s) b = .
Exact Mass Rtexpected Formula = Isomeric
1 (optional) (optional) (optional) Isomers Mame S TrypDE  Mass found RT found ppm peaks  PeakiD
2 | I

Metabolites can be entered directly as Exact mass, Formula or Name (in columns A, C or E)

Button (i) allows import of:
- individual metabolites from the DB
- Standards lists used by Scotmet for analysis of standard retention times

- Metabolite lists from results pages in IDEOM



Additional Features

Targeted Analysis

fidence

iii) Search in
:
ii) Update info from DB

If metabolites are present in the database (with correct spelling), the formula, RT and mass will be obtained
automatically.

If any metabolites are not in the database they will appear in red and you are required to enter the formula and/or
exact mass (and retention time, optional).

(NOTE: Manually entered masses will over-ride existing masses in the database)

iii) Search in MS file(s) [optional] if looking in raw data (.raw, .mzXML or .peakML)

This step uses mzMatch to extract ‘peaks’ into peakML files, which is very greedy and results in a lot of noise. This
approach avoids the problem of XCMS not detecting metabolites with poor peak shapes, but means you need to
manually check the peaks.

The output from this step includes peakml file, txt files (for step iv) and pdf with peaks

Iv) Search in txt file
Either use the mzMatch_output.txt file from step (iii) or any data sheet within IDEOM (e.g. alldata or mzMatch)

Any text file in the same format as mzMatch output text files should work



Additional Features

Targeted Analysis
» Tools for analysis on targeted sheet

Tools for Targeted Analysis

Peak Information Quantitation More functions

éLnnkup peak. in alldaka sheet Mormalise (Heawy labels) ‘ Copy RT's ko RTcalculakor
Samples Intensity chark @rate (Quantiﬁca@ &dd Chromatograms
Custom Grouped chart uankify ‘

Close \




Targeted Analysis

e Calibration

Additional Features

This function is still undergoing testing. No data
is available for the workshop.

* Generates calibration curves (linear or log-log) and equations for quantification

Calibration curve

(if applicable)

Manually enter LOQs

Follow these steps to obtain calibration curves for quantification:

2. (optional) Perform normalisation by internal skandards Run Mormalisation

3. Enter standard concentrations into Row 1 For each of the
calibration standards (in calumns M arwards)

4, {optional) Enter lower and upper limits of quantitation (LG For each metabolite:

X

Generake calibration
equations

5.Generate calibration equations for each metabolite:

Quankify Mo

6. Apply these calibration curves to detected intensities in another targeted sheet,

{* Log-log calibration

Concentration {mcM)

1000000
O
1. Enter lisk of metabolite standards in column E and Follow . !
steps (i - iv) on this targeted sheet to get raw intensities. S n it il 100000 -
Z
£ 10000 -
]
)
£
|
Use blanks to calculate 1000 O
lovwer LOGs
100 T T T T T 1
" Linear calibration 0.001 0.01 0.1 1 10 100 1000

-> Quantification (UNDER DEVELOPMENT)
« Quantification of list of targeted metabolites
based on calibration standards




Additional Features

MSMS analysis
* Import and annotate MSMS data

Convert Raw to mgf file format (with
msconvert through R)

Imports mgf file into fresh page in IDEOM

Matches precursor ions with peaks in IDEOM
data from untargeted analysis

Lists fragment masses and neutral losses

Lists likely formula for each fragment and
neutral loss (if formula in fragment list)

Plots MSMS spectra with peak annotation
where available

Links to Massbank and Metfrag for
individual verification

No MSMS data is available for the

E workshop.

MSMS functions

To wiew M3M3 data:

1. convert raw File(s) ko .maf Format

2, Impaort maf file and annokate masses

3. Manually view spectra with the buttons at the top of the page
and compare likely fragments or neutral losses with the possible
struckures {or copy peak data into MassBank or MetFrag
websites bo search actual or theaoretical metabolite MSMS

databases) Settings

1:

Polarity:
Convert Raw ko MEF Format

2:

Mass windaw:

Intensity threshald:

Import and annotate MSMS data RT wir!dn:-w

Intensity threshold:

Close

combined

units

1

%)




Additional Features

General IDEOM tools (settings sheet):

T A
e
Data Other ) Update ]
analysis metabolite
Import
types database
-
Impaort XCMS data Targeted Annotate DB |

Import MZmine data MSMS Version
upgrade
Load Example data Import mzMatchISO | Import IDECM |

aiider wersion of IDE0M nto
i w=rsion

Data can be manually
entered into the mzMatch

sheet (see Example data for
format: mass, Rt then
intensity columns)

Data Export

Metabalights

TOOLS

Annotate DB
* Adds annotations to the database for new
organisms/studies
* This can also be used as a generic matching
algorithm between IDEOM and other Excel/txt/csv
files

Import IDEOM
» Allows upgrade of data from old IDEOM files (to
allow access to new automated functions).

STUDY NAME

Enter study name here...

Enter Study Methods / Sample Details
« Experimental metadata can be stored here

» These sheets are only for recording purposes and
don’t affect Ideom processing.



Additional Features

Other R scripts (settings sheet): i l

Install R
packages
For first-time
installation and
subsequent
updating of
XCMS,
mzMatch, etc

-

——

s B O BE. B o o o S

| tutfimages using XCMS (R)
[

R Functions

These tools run additional functions in the R environment {or

generate scripts for you to use):

Install R packages

Installs all required R

packages for Ideom

Load PeakML Viewer

Opens the PeakML viewer
app (through R)

Get mzXML example files

Downloads example files
from mzMatch website

Process in XCMS

Run peak-picking, grouping,
RT correction and export to

-

TIC checker

Plots TIC chromatograms
from mzXML files

Get Chromatogram images

4

/

saves all chromatograms
from peakML files as images

Filter PeakML file

N

Filters a PeakML file by a list of

PeakID identifiers

TIC checker

* R script to generate pdf files of overlaid TICs from
raw mzXML files (for manual QC check)

» Usually best to group replicates before running
this

/ Get Chromatogram images
* R script to extract all chromatogram images from
a peakml and saves them as small png files

» Useful if you cannot use the normal ‘add
chromatograms’ feature (e.g. If the peakml file is
too big to load on your computer you can get the

\chromatogram iImages using another machine)

Filter PeakML file
» Creates a pdf file to allow viewing of all peaks in a
peakML file filtered by a list of metabolites

» NB: filtering is based on metabolite formula (i.e.

: masses). No Rt is taken into account so multiple
iIsomeric peaks may appear for each mass.



Additional Features

Excel functions % o fx [Jzexactmass("caH603")
N

‘User-Defined Formulas’ can be used in any
Excel cell

fx =ExactMass(formula, Clabels,Nlabels,Olabels,Dlabels)

» Calculates the exact mass from a formula
» Supports heavy isotope labelled metabolites
* Only common atoms supported: C,H,N,O,S,P,CI,F1,Br,Se

fx =ppmcalc(mass,theoreticalmass, formula)
» Calculates the mass difference (in ppm) between a given
mass and a theoretical formula or mass

fx =formulaMATCH(mass, ppm, masslist, formulalist)
» Finds a matching formula in a database of ascending
masses (e.g. the DB sheet).

* |f two masses either side of the search mass are within
the allowable ppm error the answer is italicised

fx =Formulavalid(formula)
» Checks the validity of a proposed chemical formula
against 5 of Kind & Fiehn's 7 golden rules

fx =IsotopeAbundance(formula, atom)
+ Calculates the theoretical natural isotope
abundance of a specified atom in a given formula
(relative to basepeak)

fx =Pos(pH, cation, pkal,pka2,pka3,...) & Neg
« Calculates the average number of charges on a
molecule at a given pH

fx =FormulaReactor(formulal,formula2,formulaloss)

* Adds the atoms of two formulas to give the formula
(e.g. for adduct prediction)

» Also allow subtraction of one formula from another
(e.g. for fragment prediction)

fx =proton & Naadduct & Kadduct & Cladduct
» Returns the exact mass (these are Excel names)



Additional Features

GCMS processing (low resolution)

Automated identification of metabolites in standards
database
» Identified by quant ion and Rt
» Spectral match score provided (but not essential for
ID)
* Qualions #1 & #2 relative intensity provided (but not
essential for ID)

Links from individual metabolites (spectra) to Golm

metabolite DB for identification of unknowns
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