Analysis of Lipid Experiments (ALEX): a software framework

for analysis of high-resolution shotgun lipidomics data
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1. Introduction
ALEX (Analysis of Lipid Experiments) is a platform for processing, management
and visualization of high-content shotgun lipidomics datasets acquired using
high-resolution Orbitrap mass spectrometry. The platform supports automated
identification and export of lipid species intensity directly from proprietary mass
spectral data files and the integration of accessory lipid features and sample
information into a single output structured in database table format. This design
supports rapid data processing and lipidome visualization across large sample
sizes using an auxiliary workflow powered by the database exploration tools:

Orange and Tableau Software.

In this manual we first describe each module of the framework including the core
modules of ALEX, folder structure, the complementary exploration tools Orange
and Tableau, installation requirements and download instruction. In the second
part we provide a step by step guide using a sample data set from a

neurolipidomics study which is available for download.

2. Download and Installation requirements

Download: www.msLipidomics.info

ALEX software should be operated in Windows XP, SP2 or higher. Windows 7

users should use Windows XP Mode. The different components should be

installed in the following order:

The MSFileReader 2.2 library (Thermo Scientific)

Python 2.7, PySide and NumPy as part of the ALEX extractor installer
Python modules comtypes and SciPy

ALEX converter

ALEX target list generator

ALEX lipid database

ALEX lipid calculator and ALEX lipid database source files

ALEX unifier

Additional tools Orange version 2.6.1 and Tableau version 7.0

©ONOOAWDNE

©
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3. Workflow

The ALEX framework comprises of 6 core modules (grey colored boxes)

Figure 1). The output of the ALEX framework includes a data file with identified
lipid species, intensities and accessory lipid features across all processed
samples and FT MS scan ranges. The ALEX output is organized in database
table format that can be accessed and processed by the auxiliary workflow using
Orange and Tableau software. The auxiliary workflow is designed to integrate
sample information, compute lipid molar abundance, implement quality control

procedures and visualize lipidome data.
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Figure 1. Overview of the ALEX software framework and auxiliary workflow
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4. Folder Structure
It is recommended to create a file management structure with folders associated
to each step of the framework
Figure 2). Numbering the folders (e.g. 00— 06) keeps the folders in the right order

when sorting them by name.

Mame = | Size | Type | Drate Modified |
[100_Probocal File: Folder FI0Z013 10:31 AM
101 _Samplelisk File Folder TH0f2013 10031 AM
_a02_RAw Files_and_data_conversion File: Folder 702013 10:30 AM
[103_ALEY_spectral_data_extraction File: Folder FIOZ013 10:29 AM
[_104_TABLEAL_quality _conkral File Folder THOf2013 10029 AM
a05_A_merge_M3_dakta_For _ORAMNGE File: Folder FIOZ013 10:29 AM
[105_B_define_ISmix_info_for_ORAMNGE File: Folder FIOZ013 10:29 AM
105 _C_define_sample_list_ORANGE File Folder FIOf2013 129 AM
105 D ORAMGE_prmol_calculation File: Folder FIOZ013 10:29 AM
_106_TABLEAL_data_wisualization File Falder 702013 10029 AM

Figure 2. Recommended file managment structure

- 00_Protocol : Folder for cataloging experimental protocols and details.

- 01_SampleList: The folder contains the sample list in excel format.
Information regarding file name, sample number, sample name, organism,

tissue type etc. is entered into the sample list.

- 02_RAW files_and_data_conversion: This folder contains the ALEX
converter (5.1) and all associated files. The “raw” subfolder contains the
proprietary “.RAW” files which serve as an input for the ALEX converter. All
acquired data files should be copied into this folder. The ALEX converter

output folder is the “txt” subfolder.
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- 03_ALEX spectral_data_extraction: This folder contains all related files for
the ALEX target list generator (5.3) and ALEX extractor (5.4).

- 04_TABLEAU_quality_control: This folder contains the results from the
quality control using Tableau Software (7). Typically the intensity and m/z
offset (offset between measured m/z vs. accurate m/z) of lock mass ions and
internal standards (ISTD) are accessed and displayed for the complete

experimental data set.

- 05 _A _merge MS_data for ORANGE: This folder contains the ALEX
unifier (5.5) and the resulting output file, a single CSV file created from
multiple CSV from the ALEX extractor. It also produces an Orange-friendly
“.tab” file (6) of the combined data.

- 05_B_define_ISmix_info_for_ORANGE: This folder contains a file in tab
format with information for the internal standards and their concentrations

spiked into the sample for the use in Orange (6).

- 05 _C_define_sample_list ORANGE: This folder contains the sample list for
the use by Orange.

- 05 _D_ORANGE_pmol_calculation: This folder contains the Orange scheme
used to calculate the molar abundance of lipid species (6) and the affiliated

output file.

- 06 _TABLEAU data visualization: This folder contains the results from the
Tableau data visualizing. The data can be sorted and visualized in different
display formats (7) depending on the sample background and biological

question.
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5. ALEX software framework

5.1. ALEX converter
The ALEX converter interfaces with the proprietary dynamic-link library
MSFileReader (Thermo Fisher) to export individual spectral peak lists in profile
mode format, to average peak lists for specific FT MS scan ranges and to save
these averaged peak lists in .txt format. The output consists of a directory with
separate folders named according to each FT MS scan range containing

corresponding “.txt” files named according to the originating “.RAW” files

Figure 3).
Mame = | | Type | Dake Modified |
B  [CIFTMS - p NSI Full ms [370.00-660.00] File Falder  7/10/2013 11:50 AM
[SJFTMS - p MSI Full ms [550.00-1700,00]  File Folder  7/10/2013 11:50 AM
[raw
[txk
A average
A =] average Mame = | Size I Type | Dake Modified |

& N ' eE25_neg21_01 1,624 KE Text Document 7/10/2013 11:47 AM
=| config file "

o E=_:| eE28_negzl 02 1,961 KB Text Document 710{2013 11:47 &M

':’ rawextract_avg_drop_config_file_here [£] eE25_negz1_n3 1,759KB  Text Document 71102013 11:47 &M
EE_] skipped_scans E=J eE28_neg21_04 1,758 KB Text Documnent 7110/2013 11:47 aM
C EEJ eE25_neg21_05 58,201 KB Text Docurnent 7/10/2015 11:45 AM

Eij eE25_neg21_06 2,156 KB Text Docurnent FI0MZ013 11:48 AM

EE_] eE25_negzl_07 1,597 KB Text Document 71102013 11:45 AM

E=J eEz25_negzl _05 1,636 KB Text Document 7I10/2013 11:45 AM

E=J eE28_neg21_09 2,362 KB Text Documnent 7110/2013 11:48 AM

EEJ eE25_neg21_10 1,694 KE Text Document 7/10/2015 11:45 AM

Figure 3. File management structure of the folder containing the Alex converter
(A). The "raw” subfolder contains the original experimental data files. The "txt”
subfolder contains the ALEX converter output files (C) sorted by folders named
according to the scan.
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The ALEX converter configuration file (config file.txt (
Figure 3 A)) is a simple txt file which can be opened using notepad and consists
of following parameters (Figure 4):

- input_dir/output_dir: Set the input (“raw”) and output (“txt”) directory. These

folders need to be in the same directory as the configuration file.

- state file is a file recording the settings (skipped scans) that each file has
been processed with. Files already been processed will not be processed
again, if the settings haven't changed. Delete the file “skipped_scans.txt”, if

you want all files to be reprocessed.

- skip_scans specifies how many scans to skip from the beginning and the
end of the analyses. A single global setting can be specified by: "skip_scans"
: { "(default)" : [0,0] } (Figure 4 A) or for each individual file as : {*file name”:
[2,2]} (Figure 4 B).

{
"input_dir” : "raw”,
“output_dir” o ttxt”,
“state file" @ "skipped_scans.txt”,
Uskip_scans" :
"(defaultd” : [2,2],
Upos_151" :
"acEl4_2_pos_151_rund_23.paw" @ [18,2],
"acEl4_2 pos_ 151 rund_16.Raw' : [14,2],
i, e "adeld "2 pos 151 rund_z8.Raw’ @ [13,2],
input_dir" @ "raw", "acEl4_7_pns_151_runs_05.Raw" : [2,35]
“output_dir" @ Mo,

" AL sl " “heg 151" @ {
"state_file” : "skipped_scans.txt”, B SSEid 2 meg_151_run2_ol.maw : [27,2],
A skip_scans" @ "acEl4_2_neg_151_rund_23.Raw" : [2,14]
"(default)" : [0,0]37 kr"yeg,Zl" :

1
acEl4_Z_neg_21_runS_41_repeat.raw" @ [2,58]

"neg_sterol_sulfation” : {
"acEld_2_neqg_sulf_run2_05.raw" @ [2,26],
"acEl4_2_rneg_sulf_run2_35.raw" @ [2,22],

" "acel4_2_neq sulf_run3_25.raw" @ [13,2]

}
1

Figure 4. ALEX converter configuration file. Scans at the beginning and end of
the run can be skipped by using the skip_scan function. This setting can be by
default for all data files (A) or defined for each individual data file.
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The ALEX converter can be started by dragging the configuration file onto the
icon of “ALEX_converter_drop_config_file_here.py”. Depending on data file size,
this process may take several minutes. If needed, the process can be terminated
using “ctrl+c”.

5.2. ALEX lipid database

The ALEX lipid database covers more than 20,000 lipid species from more than
85 lipid classes. Each lipid species in the database is annotated by sum
composition and contains a range of accessory lipid features denoting its
chemical formula, mono-isotopic mass, adduction in positive and negative ion
mode, lipid category, lipid class, and the total number of C atoms, double bonds
and hydroxyl group in the fatty acid and long chain base moieties (termed C
index, db index and OH index, respectively). The database is used by the ALEX
target list generator (5.3) and ALEX lipid calculator (5.6). The lipid database can
be modified using the Microsoft Excel files as templates which should be copied
to an .txt file as saved.

5.3. ALEX target list generator

The ALEX target list generator compiles target lists by querying the ALEX lipid
database (5.2). A distinct target list consists of the appropriate lipid species with
respective m/z values and lipid features derived from the ALEX lipid database.
These features (chemical formula, lipid category, lipid class, total number of C
atoms etc.) are also incorporated into the final output, and are used for
processing and visualization by the auxiliary workflow (6,7). To compile a target
list following parameters can be set in the ALEX target list generator (

Figure 5):

- Output file: Name for the output txt file

- Lipid species: Define an individual lipid species (e.g. PC 34:1) to be included

into the target list
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- Lipid Class: Define a complete Lipid class (e.g. TAG, PC, Cer) to be

included into the target list.

- Adduct: Define possible adduct formation (e.g. +NH,", +H*, +CHCOO")

- C index, even/odd: Constrict the target list by defining the minimum and
maximum number of carbon atoms in the fatty acid moieties and allow just

even and/or odd number.

- db index: Constrict the target list by defining the total humber of double
bound in the fatty acid moiety. Set the minimum and maximum number of

double bonds or set a linear regression depending on the C index.

- OH index: Constrict the target list by defining the minimum and maximum

number of hydroxyl group in the long chain base moieties.

M 01_Targetlist_pos_test_01.tigen — Target list generator 1.7
FileView

|| New Load SZave quit Preview Conflits Generate

I™ Include isotopes

i, probability: L0} 0 E D Alissipes

Cutput Fle:

02_Targetlist_pos_test_01txt

Erowse

© Mex, of cluster
Wax, dme 3,50 3:

& 5um of duster

Lef L] L

Maxi [56 =] | 0dd

= [oom =

Cindex+ [0.000 =

Lipid species; | =] [ Cindex ¥ dbindex [~ OHindex——

Lipid class: |pc j Mini |22 3: ¥ Even i« [} 3: £db £ |4 3: Min: | 3: Remove

adduct: [ ] | e fes =T odd o2 oo = *cindent [ooo0 o || ven 1 =

Lpid species: | = ¥ Cindex ¥ dbindex [~ oHindex——

Lipid class: ImG j Min: |42 3: ¥ Even o ] 3: =db = |3 3: win: fo 3: Remave

Adduct: [ nmer =]l Mt ls2 = I ow s oo = *cindex+ fooon = || vee [0 =

Lipid species; | ¥ Cindex [¥ dbindex [V OHindex—— -
() e ICer Min: [42 =] ¥ Even o~ [ = saz |2 = || min: Remove

E=|
(=

Max:

adduct: [
=l
Target mjz Lipid species Lipid ID. Lipid categary Lipid class Adduct Charge € index dhindex OH indexc Sum composition Sum Formula i‘
1 498,4153003 DAGZ6:2 303010 hycerolipid DAG +hH4+ 1 26 2 262 CZIHSENOS
2 500.4309504 DAG 26:1 303011 Glycerolipid DaG +HhHd+ 1 26 1 26l CZAHSEMOS
3 502, 4456004 DAGz6:0 303012 hycerolipid DAG +hH4+ 1 26 o 260 CZIHE0MOS
4 526,4466004 DAG 28:2 303036 Glycerolipid DAG +HhHd+ 1 28 2 282 C31IHBOMOS
5 5284622505 DAG 28:1 303037 Glycerolipid DG HNH4+ 1 28 1 28:1 C31H62MOS
] 530,4779006 DAGZ8:0 303036 Ghycerolipid DAG +hH4+ 1 28 o 260 C31HE4MOS
7 554.4779006 DAG 30:2 303062 Glyeerolipid DAG +HiH4+ 1 30 2 302 (C33HE4MOS LI
[148 Targats 4
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Figure 5. Screenshots of the ALEX target list generator, which allows users to
select lipid classes and species to be identified using criteria such as lipid class,
adduction, C index, db index and OH index. Individual lipid species including
internal standards can also be selected. The ALEX target list generator output is
a “.txt” file with a shortlist of selected lipid species, respective m/z values and
accessory lipid features.

The target list will be generated by pressing the “Generate” button. A list of all
possible Lipid species within the defined constrains is created and can be saved
as the output file. The target list configuration can be saved by pressing the
“Save” button. Isobaric species within a defined window can be displayed by

pressing the “conflict” button (Figure 6).

Ml Conflict resolution [_ [}

IMinimal target mfz separation: ID.DSDDD 33 Find conflicts |

Conflicts:

Lipid narne I Target m,l'zl

EH TAG 42:2 +NH4 +, Cer 46:2;4 +H+ T36.66316
i -~ [ TaG 42:2 +NH4+ 736.64497

<[ Cer 46:2;4 +H+ 736.68135
TAG 42:1 +NH4+, Cer 46:L4 +H+ 738.67881
[ TAG 421 +hH+ 738 66062

[ Cer 46:1;4 +H+ 738.63700
“TAG 42:0 +NH4 +, Cer 46:0;4 +H+ 740.69446
[ TAG 42:0 +HHd+ 740.67627
[ Cer 46:0;4 +H+ 740.71265
TAG 44:2 +NH4+, Cer 48:2;4 +H+ 76469446
L e[ TAG 442 +hH 76467627

o[ Cer 48:2;4 +H+ 764.71265
“TAG 44:1 +NH4 +, Cer 48:1;4 +H+ 766.71011
- [ TAG 44:1 +hHa+ 766.69192

<[ Cer 48:1;4 +H+ 76672830

El- TAG 4<:0 +NH4+, Cer 48:0;4 +H+ 768.72576
b [ TAG 440 +MHe+ 76870757

o [ Cer 48:0;4 +H+ 68.74395

Figure 6. Screenshots of the ALEX target list generator conflict window. Isobaric
species within a defined window of m/z 0.05 can be displayed.
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5.4. ALEX extractor

The ALEX extractor identifies lipid species and exports intensities by querying
the averaged peak lists produced by the ALEX converter (

Figure 7).

Bl 03_ALEX_extractor_pos.alex - ALEX 2.6 H=l
File:
‘Working Folder: Ci\Documents and SettingstXPMUsertDesktoplSample_dataset_neurolipidomicsi03_ALEY_spectral_data_extractionipos
Spectra folder: Iataset_neurolipidomics'l,DZ_RAW_Files_and_data_conversion'l,txt'l,pos_lDlextract'l,FTMS p MSI Full ms [280,00-580,00] Browse |
Relative path: L0402 Raw_files_and_data_conversionibxtipos_101extractiFTMS p NSI Full ms [280,00-580,00]
Targets file: lSampIe_dataset_neur0Iipid0mics'l,D3_ALEX_spectral_data_extraction'l,pos_l51extract_ZSD-SSD'l,DZ_TargetListjos.txt Erowse |
Relative path: 0Z_TargetList_pos, bxt
OQutput Folder: 'ngs'l,><PMUser'l,Desktop'l,SampIe_dataset_neurolipidomics'l,DS_ALEX_spectral_data_extraction'l,pos_l5lextract_ZSD-SSD Browse |

Relative path:

myz tolerance (+/-): - ¥ Lock masses:
ID.DDZD mjz tolerance: W W~ Perform centroidil_ﬂg
el {use only for profile mode data)
ID.DDDD myz Marne | comment
0 |496.376151 ISLPC &-17:0
1 |279.159086 Dibutylphthalate
*

Extract spectral data

Figure 7. Screenshots of the ALEX extractor which identifies lipid species,
exports intensity data and incorporates accessory lipid features.

Analysis of Lipid Experiments (ALEX) Page 12



- Spectra folder: Location containing averaged peak lists created by the ALEX

converter (5.1)

- Targets file: Appropriate target list compiled by target list generator (5.3)

- Output folder: Destination folder to deposit output text files

- m/z tolerance: Tolerance window to identify lipid species dependent on

instrumental mass resolution

- m/z Offset: Constant m/z offset to correct lipid searches for a constant FT

MS calibration offset

- Lock masses: Automatic lock mass adjustment to correct the m/z values of
targeted lipid species for calibration drifts. Requires specification of well-
characterized and ubiquitous lock mass ions in order to estimate the FT MS

calibration offset.

The ALEX extractor outputs, for each FT MS scan range, several comma-
separated value “.csv” files with lipid species intensity data and calculated lock
mass adjustments for all processed samples. Press “Extract spectral data” to

start the extraction.

5.5. ALEX unifier
The ALEX unifier merges multiple “.csv” files from different FT MS ranges
created by ALEX extractor (5.4) into a single file. It also produces an Orange-

friendly “.tab” file (6) of the combined data.
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5.6. ALEX lipid calculator

The ALEX lipid calculator complements manual inspection of FT MS spectra
when using proprietary Xcalibur software. The calculator is available as
executable program (Figure 8) and as an online application (Figure 9) at

www.mslipidomics.info/lipid-calc.

I ME Lipid Calc
Lookup lipid: IPC 3411 Tolerance: ID.DIDD j
Mode: [ Positive ¥ Megative W Mo charge Offset: ID.DDDD ﬂ seareh
Name PC34:1
Class PC
Sum composition CyaHg, 0N, P15,
Mass T59.577800
Z aboms in chains 34
dbin chains 1
Positive adducts Megative adducts
Adduct: ICharge Irn,l'z I adduct ICharge |m,|'z I
[M+H* 1 780585051 | [M + CH,c00T -1 818591657
[M+ Ma]* 1 FEZSEI0Z8 N1y 4 HeooT -1 504.576005
[+ HH T 1 TTTELLESL |4 BT -1 734.547204
[M + ¥ay -1 796544256
[m+ CH3OCOO]' -1 §34.580560
[M+FT -1 778576755
Close |

Figure 8. Screen shot of the ALEX Lipid calculator executable program
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- Lookup lipid: Input lipid species to survey for. The sum composition is typed
in in the following format: {lipid class} {total no. of C} : { total no. of double

bonds for example PC 34:1.

- Tolerance #: Tolerance window to identify lipid species dependent on

instrumental mass resolution

- Calibration Offset: Constant m/z offset to correct lipid searches for a

constant FT MS calibration offset

Online lipid calculator

Search

Name or m/z value: | [PC 34.1
Tolerance (+/-): 0.0100
Calibration offset: | |0.0000

Max results: [100 Search

Results

Puositive ions

m/z (offset 0.0000) Am/z Lipid species

Lipid category

Lipid class Adduct Charge Cindex dbindex OH index

Sum formula

760585082 PC 34:1 Glycerophospholipid | PC +H+ 1 34 CAZHEINOEP
782567026 P340 Glycerophospholipid | BC +Na+ |1 34 CAZHEINOEPNa
777.611631 PC 3400 Glyeerophospholipid | PC +NH4+ |1 34 C4ZHB6N20EP

Negative ions

Adduct Charge Cindex dbindex OH index Sum formula

m/z (offset 0.0000) Am/z Lipid species

Lipid category

818.501658 PC 34:1 Glyeerophosphelipid | PC +CH3ICOO0- |-1 34 1 CA4HESNO1O0P
804.576008 PC 34:1 Glyeerophosphelipid | PC +HCOO- -1 34 1 CA3HEINOI0P
794.547206 PC 34:1 Glyeerophosphelipid | PC +[35]C1- -1 34 1 C4ZHEZNOSP[CI-35]
796.544256 PC 34:1 Glyeerophospholipid | PC H37]CL -1 34 1 C42HE2NOEP[CI-37)
834586573 PC 34:1 Glycerophospholipid | PC +CH30CO0-| -1 34 1 C44HESNO11P
778576757 PC 34:1 Glyeerophosphelipid | PC +F- -1 34 1 CAZHEINOSPF

No adduct

Mass (offset 0.0000) Am Lipid species

759.577805 PC 34:1

Lipid class C index dbindex OH index Sum formula

Lipid category

Glycerophospholipid | PC 34 1 C42HS2NOEP

Figure 9. Screen shot of the ALEX Lipid calculator online program
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Orange

Orange

(http://www.orange.biolab.si/). Data mining

programming or Python scripting, packed with features for data analytics.

is performed

iSs an open source data visualization and analysis program
through visual

To compute the molar abundance of lipid species a sequence of processing

steps has to be constructed (Figure 10).

2 NRANGE_Imal_ralrulation - Deange Canvas
Fils Ve Options widget  rel

t A= |n

ota | weusice | Classfy | megressin | Evaluste | Unsperveed | assotste

DELAD D D 8 HE 5 e Ee @ e =

R Pax o save Dia g e Rak Puge Merge Concalr m Skt Danis Preprocess Continden Ingute Oders  Feshire  ER l:ﬁl:n Insge
Ll I

A emrean werfn N et B beta bl
MergedGata A+ i X ! ol Dt Tabhe (2)

lgj oula_ tB_DJI b 11 _@ L r s @r Ahg '|E_‘GJI 1Diaks A48 [@i ."' |@l @ I\ﬂ]

A .\f_lln-da Dufn RAW_ID = AW _IDY Trtwrmiy sl ", £ Vil chans’ = ‘I‘-I-:'l‘:\" i ‘v;-:}EI 1;:‘-:‘%%:)::” hn“"mﬁ,’e f-‘mé{ B :;;,;:;IM ok paarngeTied . Lo i ;‘%:‘;&;:.Ig'

LQJ ‘ D y Miéroed s g Lu-:wm 30 D s For Tabben
o bt R - i._J‘ ;.,-, — = | .

. LEJ I stardards @ @ r:.-t%}ts;
eI Dk Tatim (4] ik Tatin {5]

Figure 10. Screen shot of Orange scheme to calculate molar abundance of lipid

species

framework is specified as input

A.all_data: The lipid species intensity data generated by the ALEX

Analysis of Lipid Experiments (ALEX)
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- C.sample_list: Input for sample information like tissue type, genetic
information, name of mice etc. defined previously in the sample list

- Data Table (x): Input data and derived data after each step can be accessed

- 'RAW_ID'="RAW_ID’: Merged data by aligning the column “RAW_ID” of the
intensity data with the column “RAW_ID” of the sample list

- Intensity>0: Intensity filter to remove intensities below a user-specified
threshold.

- B.standards: Input specifying the spiked amount of internal standards

- is_intensity:=Intensity: Attribute is defined by specifying the intensities of
internal standards as “Intensity” to later compute the molar abundance.

- ‘Lipid class’='Lipid class’: Merged data by aligning the column “Lipid class”
with the column “Lipid class” of the internal standards

- 'Internal standard, RAW_ID, Adduct, rangeld' = 'Lipid species, RAW_ID,
Adduct, rangeld': internal standards and corresponding intensities are
defined for the subsequent calculation of molar lipid abundances.

- fmol:= Intensity*spike_fmol/is_intensity: Calculation of the molar lipid
abundance using the attributes lipid species intensity, internal standard
intensity and spiked amount of internal standard.

- setrangeld as 'Class":

- processing stopped here_to be continued remember to remove C# and
D# signs for Tableau: Data is saved as a .csv output file (in database table
format) that can be accessed for computation of mol% and lipidome
visualization by Tableau Software (7).
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7. Tableau

Tableau software (www.tableausoftware.com) is an interactive data visualization

engine which can be dynamically linked to the Orange output files such that any
modifications within the data processing procedure can be visualized interactively
by updating the Orange output file and the link to Tableau. The data can be
sorted and visualized in different display formats depending on the sample
background and biological question (Figure 11).
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8.  Sample Data Set
This sample dataset from a neurolipidomics study is for testing the local
installations of the ALEX software and the auxiliary workflow Orange and
Tableau Software, and is available for download at http://mslipidomics.info .
The study involves the comparison of three mouse brain tissues (Cerebellum,
Hippocampus and S1BF) from wild-type and PRG-1 knockout mice.
The file management structure consists of 6 folders associated to each step of

the framework (Figure 12).
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Mame = | Size | Type | Drate Modified |

[100_Probocal File: Folder FI0Z013 10:31 AM
101 _Samplelisk File Folder TH0f2013 10031 AM
_a02_RAw Files_and_data_conversion File: Folder 702013 10:30 AM
[103_ALEY_spectral_data_extraction File: Folder FIOZ013 10:29 AM
[_104_TABLEAL_quality _conkral File Folder THOf2013 10029 AM
a05_A_merge_M3_dakta_For _ORAMNGE File: Folder FIOZ013 10:29 AM
[105_B_define_ISmix_info_for_ORAMNGE File: Folder FIOZ013 10:29 AM
105 _C_define_sample_list_ORANGE File Folder FIOf2013 129 AM
105 D ORAMGE_prmol_calculation File: Folder FIOZ013 10:29 AM
_106_TABLEAL_data_wisualization File Falder 702013 10029 AM

Figure 12. File managment structure associated to each step of the framework

8.1. Protocol

All  experimental protocols, lab book, sample prep details, background

information etc. can be places into the protocol folder

8.2. Sample List

The sample list is created in excel and contains all the sample information like file

name, sample number, sample name, organism, tissue type etc. (

Figure 13). In the neurolipidomics study three mouse brain tissues (Cerebellum,
Hippocampus and S1BF) from wild-type (WT) and PRG-1 knockout (KO) mice

have been first analyzed in pos. lon mode (
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Figure 13, row 4-17) followed by 4 blank runs and the analyses in neg. lon mode

(

Figure 13, row 32-55), followed by another 4 blank runs. We note that the sample
list should include a “d” in each column of the second row in order to be

processed correctly by Orange.

A C 1] E F G H ]
1 File_number Sample_number _Sample_namel Sample_name2 __ Sample_name3 Tissue
z d d d d d d d d
3
4 |eE28 posiOL0l eE2sposiol T 01 1 1.Cerebelum{WT-A]  Cerebellum[%T-A]  CerebelumwT] Cerebellum WT 4 a no A Al
5 |eE28 posi0i02 eE2sposiol T 0z 1 1.Cerebelum{WT-A]  Cerebellum[%T-A]  CerebelumwT] Cerebellum WT A ] no A Az
6 |eE28 posiOi03 eE2iposiil © 03 H 2.Cerebelum[WTE]  Cerebellum[¥T-E]  CerebelumwT] Cerebellum WT & a no B Az
7 | eE28 posi0i04 eE2postit 04 2 2 Cerebellum[WTE]  Cerebellum[*T-E]  CerebelumwT] Cerebellum WT B ] no B A
8 |eE28 posi0i 05 eE28 postit © 05 3 3.0 0-8] O 0.4] 0] Cerebellum KO C 2 no A A5
9 |eE28 posili 06 eE2% postot ” 08 3 3.0 0] O 0.4] 0] Cerebellum KO C ] no A A
10| E28 post 07 eE28 postll ” 07 [ 4.0 0B O 08 0] Cerebellum KO O 2 no E A7
Tl |eE28 posiD 05 eE2E postl © 08 + 4.C 0B G 08 G 0] Cerebellum KO D ] no 3 AE
12|28 poslDL 09 eE28 postll © 09 5 5 WT-A] WT-8] WT] Hi Wl A A no A A3
15| eE28 postDLW eE28 postll © W 5 5. Hippocampus[WT-4] Hipposampus[WT-4] Hipposampus(WT] Hippocampus WT A ] no A A0
14| eE28 postOLN eE28 pos " M 3 6. Hipposcampus[WT-B] Hipposampus[WT-B] Hipposampus(WT] Hippocampus WT B A no B A
15 |eE28 postlL iz eE28 postll © 2 3 6. Hippocampus[WT-B] Hipposampus[WT-B] Hipposampus(WT] Hippocampus WT B ] no B Atz
16 |eE28 postDL 13 eE28 postll © 1 v 7.Hippocampus(KO-A]  Hipposampus[KO-4] Hipposampus(kD] Hipposampus KO C A no A Atz
17 |eE28 postDL 4 eE25 postol © W 7 7. Hippocampus{KO-A]  Hipposampus[k0-4] Hipposampus(k0] Hipposampus KO C B no A Al
18 |eE28 postDL 6 eE28 postol © 3 3 Hipposampus[KO-B]  Hipposampus[K0-B]  Hippooampus(k0] Hipposampus KO D a no E A5
19| eE28 poslDL 16 eE28 postil © ] 4 Hippocampus(KO-E]  Hippocampus(KO-E] Hippocampus{k] Hippocampus KO O ] no E AlE
20 | eE28 poslDLIT eE28 posto © 17 E] 4. SIBFWT-8] SIBF[WT-A] SIBF[WT] S1BF L a no A AT
21 eE28 poslDLiE eE2f postil © E] 4. SIBFWT-8] SIBF[WT-A] SIBF[WT] S1BF WT A ] no A Atg
22 |eE28 poslILi9 eE28 posti © [} 10, SIEFTWT-E] SIBF[WT-E] SIBF[WT] S1BF WI B a no B Ata
23 | eE28_postDL 20 eE28 postl © 20 [} 10 SIEFTWT-E] SEF[WT-E] SIBF[WT] S1BF Wi B ] no B Az
24 | eE28 postlL 1 eE28 postl © 2 1 1. S1BFKO-A] SIEF[KO-A] SIBFIKO] S1BF KD C 2 no A Azl
25 | E28 posi] 22 eE28 postl ” 22 1t 1. S1BFKO-4] SIEF[KO-A] SIBF[KO] S1BF KD C ] no A Azz
26 | eE28 post 23 eE28 postll © 23 12 12. SIEF[KO-E) SIEF[KO-E] SIBF[KO] S1BF KO D A no 3 Azt
27 |28 post) 24 eE28 postll © 24 12 12 SIEF[KO-E] SIBF[KO-E] SIBF[KO) S1BF kO D ] no 3 Azt
28 |28 posl) 25 eE28 postll © 25 13 bik bik bl blk bk bk A no bik. Az5
29 |28 posi) 26 eE28 postll ” 26 13 bik bik bik blk bk bk ] no bik. AZE
30 | eE28_postDL 27 eE28 postll ” o7 1 bik bik bik blk bk bk A no bik. Azt
31| eE28 posi 28 eE28 postll © 28 1 bik bik bik blk bk bk ] no bik. Aze
32 |eE28 neg?l 01 eE28 neg2l M 1 1.Cerebelum{WT-A]  Cerebellum[wT-A]  CerebelumwT] Cerebellum WT A & yes A A1
33 |eE28 neg2l 02 eE28 neg2l " 02 1 1.Cerebelum{WT-A]  Cerebellum[wT-A]  CerebelumwT] Cerebellum WT A ] yes A Az
34 | eE28 neg? 03 eE28 neg2l © 03 2 2 Cerebelum[WT-B]  Cerebellum[wT-B]  CerebelumwT] Cerebellum WT B a yes E Az
35 eE28 neg2l 4 eE2Eneml © 04 2 2.Cerebelum[WTE]  Cerebellum[¥T-E]  CerebelumwT] Cerebellum WT & ] ves E At
36 | eE28 neg2l 05 eE2Enegl. © 05 3 oAl G 0.8 G 0] Cerebellum KO C a ves A A5
37 eE28 neg2l UE eE2E neg2l. © 06 3 EX oAl G 0.8 G 0] Cerebellum KO C ] ves A A
38 eE28 neg2l 07 eE2fnegl. © 07 4 4. 0B G 0B8] G 0] Cerebellum KO O a ves B ar
39 eER8 negZ 08 eE2% negzl T 08 [ 4.0 0B O 08 0] Cerebellum KO O ] yes B AE
40|28 neg?l 03 eE2% negzl "~ 09 5 5. Hippocampus{WT-4] HippocampusWT-4] Hippocampus[WT] Hippocampus WT & 2 no A A8
41 eE28 negZl 10 eE2% negzl © M 5 5. Hippocampus{WT-4]  Hippocampus'WT-4] Hippocampus[WT] Hippocampus WT & ] no A Al
42 | eE28 negZl M eE28 negzl " 3 & Hippocampus{WT-B]  Hippocampus[WT-B] Hippocampus[WT] Hippocampus WT B A no 3 Al
43 eE28 neg?l 12 eEZ8 negzl " 3 & Hippocampus{WT-8]  Hippocampus[wT-B] Hippocampus(wT] Hippocampus WT B ] no 3 Atz
4% eE28 neg?l 13 eE28 neg2l " 1 v 7 0-2] 0-8] 0] Hi kO C A no A Atz
45 eE28 neg?l 4 eE28 neg2l T M v 7.Hippocampus(KO-A] Hipposampus[kO-4] Hipposampus{kD] Hipposampus KO C ] no A Al
46 eE28 neq?l 5 eE28 neq2l T & ] 8 Hippocampus[KO-B]  Hipposampus[KO-B] Hipposampus(kD] Hipposampus KO D A no B A5
47 eE28 neq?l 16 eE28 neq2l © & ] 8 Hippocampus(KO-B]  Hipposampus[KO-B] Hipposampus(kD] Hipposampus KO D ] no B ATE
48 | eE28 neq?l 17 eE28 neg2l © T 3 9. SIBF[WT-8] SIBF[WT-A] SIBF[WT] S1BF Wl A A no A AT
43 eE28 neg2l 18 eE28 neg2l " @ 3 3. SIBF[WT-8] SIBF[WT-A] SIBF[WT] S1BF L B no A Atg
50 | E28 neg?l 13 cE28 neq2l [ 10. SIEF[WT-B] SIBF[WT-B] SIEF[WT] S1BF Wl B a yes E Ata
5 |eE2% neg2l 20 eE2Enegl © 20 n 0. SIEFTWT-E] SIBF[WT-E] SIBF[WT] S1BF WT B ] ves E Az
52 |eE2% negzl 2l eE2fneml © 21 1 11 S1BFIKD-8] SIBFIRO-A] SIBFIKO] S1BF KO C a no A Azl
53 eE2% neg2l 22 eE2f negl T 22 1 11 S1BFIKD-8] SIBFIRO-A] SIBFIKO] S1BF KO C ] no A azz
54 cE28 neg2l 23 eE2E neg2l T 23 12 12. SIEF[KO-E] SIEFKO-E] SIBFIKO] S1BF KD D & no B Azt
55 eERS negZl 24 eE2% neg2l T 24 12 12. SIEF[KO-E] SIEFKO-E] SIBFIKO] S1BF KD D ] no B At
56 | eE2S neg?l 25 eE2% negzl T 25 13 bik blk blk bk bk blk 2 no bik. AZ5
57 eE2S neg?l 28 eE2% negzl © 26 13 bik blk blk bk bk blk ] no bik. AZE
5% | eE2S neg?l 27 eE2% negzl T 27 1 bik blk blk bk bk blk A yes bik. Azt
59 | eE28 neg?l 28 eEZ8 negzl | 28 [ bik bik bik bk bk blk ] yes bik. Azg
&0

Figure 13. Sample list from a neurolipidomics study of three mouse brain tissues
(Cerebellum, Hippocampus and S1BF) from wild-type and PRG-1 knockout mice.

8.3. Raw files and data conversation

The experimental data files are copied into the “raw” folder (
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Figure 14 A). Two subfolders were created for the 2 data sets. A 2:1
(CHCI3:MeOH) lipid extraction was performed and acquired in neg. lon mode and

a 10:1 (CHCI3:MeOH) lipid extraction was acquired in pos. lon mode.

Mame  ~ | | Tvpe | Date Modified |
B  [COFTMS - p I Full ms [370.00-660,00] File Folder  7/10/2013 11:50 &M
[)FTMS - p NSI Full ms [550.00-1700,00]  File Folder  7/10/2013 11:50 &M

[raw
bk
7 average

A = average ame - | Size | Type | Date Modified |
E] CDan file E28_neg21_01 1,624 KB Text Document 7110/2013 11:47 AM
’ . [Ej eE28_neg21_02 1,961 KB Texk Document 710/2015 11:47 AWM
 rawextract_avg_drop_config_file_hers [£] eEz8_negz1_o3 1,759KB  Text Document 7/10{2013 11:47 &M
l:Ej skipped_scans [Ej eE28_negzl_04 1,756 KB  Text Document 710/2013 11:47 &AM
C [;J eE28_negz2l_05 5,201 KB  Text Document 7110/2013 11:45 AM
Eij eE28_negzl_0& 2,156 KB Text Document 7110/2013 11:45 AM
EEj eE28_neg21_07 1,597 KB Text Document 710/20135 11:45 AWM
Eij eE25_neg21_05 1,636 KE  Text Document FI0MZ013 11:48 AM
Eij eE25_negzl_09 2,362 KB Text Document 71102013 11:45 AM
Ej eE28_neg2l_10 1,894 KB Text Document F110/2013 11:45 AM

Figure 14. File management structure of the folder containing the Alex converter
(A). The "raw” subfolder contains the original experimental data files. The "txt”
subfolder contains the ALEX converter output files (C) sorted by folders named
according to the scan.

In the ALEX converter configuration file, the input (“raw”) and output (“txt”)
directory are defined. Note that these folders need to be in the same directory as
the configuration file. Specific scans can be ignored for processing using the
"skip_scans" command and this information is saved in the skipped_scans.txt
file. In this data set the first and last 2 scans from each data file are ignored for
processing (

Figure 15).
E config file - Notepad M=l B3
File Edit Format Wiew Help
T =
"fnput_dir" @ "raw", B
“output_dir" @ "txt®,
“"state_file" : "skipped_scans.txt"”,
"skip_scans' : {
“(default)"” @ [2,2]})
q Ml 4

Figure 15. ALEX converter configuration file
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The ALEX converter can be started by dragging the configuration file onto the
icon of “rawextract.py”. Depending on data file size, this process may take
several minutes. If needed, the process can be terminated using “ctrl+c”.The

processing is finished with the message “Extraction successful” (Figure 16).

e | C:\Python2 7', python.exe

Loaded file "rawspos_lBlextract ~eE2B_posl181_28.Rau"
Humber of spectra: 58

File contains 2 filteps:
FTME + p NEI Full ms [280
FTME + p NEI Full ms [5008

Skipping 2 scans from the beginning and 2 scans from the end.

Processing filter "FIMS + p NSI Full ms [2860.8A8-580.80]1":

Qutput to: txt\pos_1Blextract“FIMS p MSI Full ms [280.88-580.801-cE28_pos1B1_28
-txt

Loading scans: 3 5 7 9 11 13 15 17 1% 21 23 25 27 2% 31 33 35 37 39 41 43 45 47
Finding new ms/z values

iCalculating average intensity values

Setting up interpolators

iCalculating interpolations

Calculating averages

Writing output

Processing filter "FIMS + p NSI Full ms [588.A0—1208.88]1':

Qutput to: txt\pos_lBlextract“FIMS p NSI Full ms [508.88-1200.001-eE28_pos1@81_2
-txt

Loading scans: 4 6 8 18 12 14 16 18 28 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Finding new ms/z values
iCalculating average intensity values

Setting up interpolators
Calculating interpolations

Calculating averages
Writing output

Extraction successful?

Press ENTER to exit

Figure 16. Screenshot from the ALEX converter processing

The output files (Figure 14 C) are saved in the directory according to each FT MS
scan range (Figure 14 B). This experiment consists of 2 scan ranges (m/z 280-
580 and m/z 500-1200) in pos. lon mode, and 2 scan ranges (m/z 370-660 and
m/z 550-1700) in neg. lon mode, therefore 4 folders were created by the ALEX

converter.
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8.4. Alex spectral data extraction

8.4.1.ALEX target list generator

The ALEX target list generator compiles a target list which consists of the
appropriate lipid species with respective m/z values and lipid features (chemical
formula, lipid category, lipid class, total number of C atoms etc.) derived from the
ALEX lipid database. In this study a target list was created specifically for each
scan range and saved in the specific folder together with the Target List definition

file (Figure 17). We note that the folders have to be created manually.

01_ALEX_TargetListGenerator_neg

E=_:| 0z _Targetlist_neq

Jneg_21extrack_370-660
el Ny DS_.ﬁ.LEX_extractnr_neg

[aneg_2lextrack 550-1700

: =] dbautput
A [Chpos_15lextract_280-580 B gl ';:'1':"" ot
] =l lockmass_stats
Jpos_151extract_S00-1200 E'_:]I . =
=l lockmasses
E%:]I::n:kmerged

E=_:| mergedspectra

Figure 17. Screenshot of the folders created manually (A). Each folder contains
the TargetList definition file, the created target list, the ALEX extractor parameter
file and the output files (B)

The target list for the scan window m/z 280-580 in pos. mode consists of the
internal standard (IS) Lipid species IS LPC O-17:0 and the Lipid classes LPC,
LPE, LPC-O and LPE-O (Figure 18) with carbon atoms in the fatty acid moieties
(C index) ranging from 14-22. Only an even carbon atom number in the fatty acid
moiety is allowed. The number of double bounds in the fatty acid moiety is
calculated by the relation:

Double Bound (DB) = 0.750* C index + (-10.500)
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For example a fatty acid moiety with 14 carbon atoms will not have any double
bound where one with 22 carbon atoms up to 6 double bounds.
These parameters are saved as “01_ALEX_TargetListGenerator_pos” in the

corresponding folder.

EEI01_ALEX_TargetListGenerator_pos.tigen — Target list generator 1.7 M=l B3
File ‘iew

”Naw Load Save GQuit Preview Conflicts Generate

I Inchide isotopes

Irs.oo 3: ¢ allisotopes
I, probability: 10 P
€ Max, of cluster
[Max, Ami IS.SD 3:

& Sum of cluster

Cutput File:

02_TargetList_pos.txt Browse

Lipid species: IISLPCO-l?:D w| - Cindex————— I dbindex I OHindex ——
Lipid class: I—_I, winy [0 =] ¥ Even & o = =d= [o e T = E—

e o = | max Jo =] ¥lodd o= [ooon = #Cindext [oomn = || Mae o =

Lipid species: I +| ¥ Cindex——————— W dbindex I~ OHindex ——

e llsssy e - 1l |14 3: V¥ Even i ID ﬂ =dh = |1 ﬂ I¥lin: ID ﬂ Remove
o e =7 | Max: [z = T odd & = Jorso = *cindex+ [-10s00 = || maa o o

Lipid species: I < ¥ Cindex———— W dbindex I~ OHindex ——

Lipid class: | FE - | | Min: |14 3: [V Even «~ ID i’ =db = |1 i’ T4 ID i’ Remove
i o — | Max: [zz =] [ odd & = Jorso = *cindex+ [-10500 = || vas o o

Lipid species: I +| ¥ Cindex————— [ W dbindex I OHindex ——
pt e ILPCO- < | tin: |14 3: IV Even e ID = =zdb = IU = [in: ID = Remave

e o = | max [zz =] T odd & = [osn = *Cindex+ 10500 = || Mae [0 =

Lipid species: I +| ¥ Cindex—————— W dhindex I~ OH index ——
thddess: [iEC- ]| MM [t HFeen || o = = WL = Remove |
o o = | Max: [z =] [ odd & = Jorso = *cindex+ [-10500 = || mas [0 o

Add criterion |

77 Targets v

Figure 18. Screenshots from the ALEX target list generator with settings used to
create a target list for the m/z range 280-580 in pos.mode

The target list is created by pressing the “Generate” button and saved as
“02_TargetList_pos.txt” defined in the Output file txt box (Figure 18).
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8.4.2.Alex extractor

The ALEX extractor identifies the lipid species and exports intensities by
guerying the averaged peak lists produced by the ALEX converter. For the data

set acquired from m/z 280-580 in pos. lon mode following parameters were set
(Figure 19):

Spectra folder: Folder containing the “txt.” files created by the ALEX converter
Target file: Target List created by the ALEX target list generator

Output folder: Folder of the resulting output file

m/z tolerance: the tolerance window for the search was set to m/z £ 0.020

m/z offset: The m/z offset was setto O

Lock mass: The internal standard LPC-O 17:0 was used as lock mass

MN03_ALEX_extractor_pos.alex - ALEX 2.6 [_ (O]
File

Working folder ! C:iDocuments and Settings|XPMUser\DesktopiTest neura datal03_ALEX_spectral_data_extractioniFTMS p NSI Full ms [280.00-580.00]

Spectra folder: IC:\DUcuments and Settings\¥PMUser|Deskkop) Test neuro datal02_RAW _files_and_data_conwversionitxt\FTMS p MSI Full ms [280,00-580,00] Browse
Relative path: LA 02_Raw_files_and_data_conversionitxt\FTMS p NSI Full ms [280.00-580.00]

Targets file: IC:\DUcuments and Settings\¥PMUser|Deskiopi Test neuro datal03_ALEY_spectral_data_extraction\FTMS p NSI Full ms [280,00-580,00]Y0Z_TargetList_pos,kxt Browse
Relative path: 02_TargetList_pos.txt

Cutput Folder: IC:\DUcuments and Settings\¥PMUser|Deskiop) Test neuro datal03_ALEYR_spectral_data_extraction\FTMS p NSI Full ms [280,00-580,00] Browse

Relative path:

mjz talerance (+/-): ¥ Lock masses:
IU.UUZU mfz bolerance: IUUWU— ~ Perform centroiding
iz offset: {use only for profile mode data)
[0.0000 mjz Marme | comment
0 [496,376151 ISLPCO-17:0

Extract spectral data

Figure 19. Screenshots of the ALEX extractor with the parameters used for the
mass range m/z 280- 580 acquired in pos. lon mode.
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The ALEX extractor outputs 5 files (Figure 17 B):

lockmass_stats.txt: This file contains information for the applied offset from the

lock mass ion (LPC-O 17:0) for each processed data file

lockmasses.csv: This file contains the measured offset and intensity for the lock
mass ion (LPC-O 17:0) for each processed data file. This file will be used for the

quality control (8.5).

lockmerged.csv: This file contains the average measured m/z with offset of the

lock mass ion and their intensities from the processed data file.

dboutput.csv: This file contains all identified lipid species with respective m/z
values and lipid features (chemical formula, lipid category, lipid class, total

number of C atoms etc.) for all processed data files.

mergedspectra.csv: This file organizes data in .xIs spreadsheet format. This
option might be convenient for those who would like to use Microsoft Excel for

data processing.

The complete process described here for the data extraction (8.4) for the mass
range m/z 280- 580 acquired in pos. lon mode has to be repeated for the other 3
mass ranges in this data set, therefore a total of 4 dboutput.csv files were
created by the ALEX extractor. These 4 data outputs will be merged later by the
ALEX unifier (8.6) for further processing using Orange, but before a quality
control can be performed by comparing the signal intensity and m/z offset (offset
between measured m/z vs. accurate m/z) for the used internal standards in the

complete data set.
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8.5. Tableau quality control
In the quality control using Tableau software for visualization, the measured
offset and the measured intensity for the internal standard is compared for the
experimental data set using the “lockmass.csv” file created by ALEX extractor for
the particular m/z range and polarity (Figure 20). By default, Tableau treats all
relational fields containing text or date values as dimensions and all relational
fields containing numbers as measures (Figure 20 left hand side). A histogram
can easily be created by dragging the fields onto the Columns or Rows shelf. For
this data set the “Raw_ID” (Data file name) and “Name” (ISTD Name) have been
placed into the Columns shelf and “Measured offset” and “Intensity” into the

Rows shelf. For more information on how to wuse Tableau Vvisit

www.tableausoftware.com and the online help at

http://onlinehelp.tableausoftware.com/v7.0/pro/online/en-us/help.htm.

=
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Figure 20. Quality control analysis using Tableau for visualisation by monitoring
the lock mass offset and intensity for the internal standard LPC-O 17:0 as
function of sample injection
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We note that the lock mass and internal standard LPC-O 17:0 is not detected in
injection 07 and 08. Manual inspection of FT MS spectra revealed that the
particular sample had not been spiked with internal standards. The quality control
is repeated for the 3 other mass ranges.

8.6. A merge MS data for Orange
The 4 different CSV files from the different FT MS ranges created by the ALEX
extractor can be merged into a single file using the ALEX unifier located in the “A
merge MS data for Orange” folder (Figure 21). The unifier is started by executing
the “A_merge_all_data_click_here”. The output files are copied into the folder

and renamed according to the command line from the ALEX unifier (

Figure 22).
_Mame = | Size | Type | Date Modified |
.ﬁ._merge_all_data_cliu:k_here 1KE Windows NT Comm... 7102013 7:09 aM

~ ALE%_unifier_concatcsy_orangetab 3KB Python File FI0f2013 7109 &M

Eij dboutput_ALL_data_merged 4,479 KE  (C3V File 702013 7:09 AM
dboutput_ALL_data_merged 4,430 KE TAE File 702013 7:09 AM

Eij dboutput_neq_Z1exkrack_370-660 432 KB  C3V File FI0f2013 7109 &M

[l dboutput_neg_ziextract_S50-1700 1,Z30KE  CSY File 7/0/2015 7:09 AM

E] dboutput_pos_151extrack_280-530 405 KB C3Y File 702013 7:09 AM

[£] dboutput_pos_151extract_500-1200 2,358 KE  CSY File 711012013 7:09 AM

Figure 21. Screenshot from the " A merge MS data for Orange" folder containing
the ALEX unifier, the 4 CSV files created previously by the ALEX extractor and
the single merged CSV file and Orange friendly Tab file

B A_merge_all_data_click_here - Satepad

EXTract_280-380, csv dboutput_pos 131extract 300-1200, csv

Figure 22. Screenshot from the Alex Unifier Command line
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8.7.

We note that that the command lines have to be changed if the folder names

change in order to find the correct path of the output files.

B 1Smix info for Orange
Orange is used to calculate the molar abundance of lipid species by applying a
sequence of processing steps to the data set. The workflow requires 3 data

inputs:

=

The merged data file created by the ALEX unifier in ".tab” format (8.6)

2. The sample list (Figure 24) created with Excel and saved as tab deliminated
file

3. The spiked internal standard list (Figure 23) created with Excel and saved as

tab delimitated file.

A B G
1 Internal standard fmol spike  Lipid class
2 d c d
3
a IS cholesterolD7 140247 8594 sterol
5 IS CE 19:0 54495.04297 CE
6 | ISTAGATAMTAMTA  34738.92963 TAG
7 IS DAG 19:0119:0 34798.41406 DAG
8 IS LPA O-16:0 25719.5918 LPA
9 1S PA 17:0/14:1 34675.14844 PA
10 ISLPS 171 24868.25586 LPS
1 IS PS 17:0120:4 13352.54668 PS
12| ISPEOQ-20:0/0-20:0  49670.83203 PE
13 IS LPC O-17:0 30001.87109 LPC
14 IS PC 18:3/18:3 136568.7344 PC
15 IS PI17:0/20:4 34696.10156 Pl
16 IS PG 17:0117:0 29925.87109 PG

17 IS Cer 18:1;217:0,0 54646.02734 Cer
18 IS SM 18:1,2/17:0,0 69476.07813 SM
19| IS HexCer 18:1.2/12:0,0 4910855469 HexCer
20 | IS SHexCer 18:1;2/12:.0,0 2764951758 SHexCer
21 IS MAG 15:0 31645.73633 MAG
22| IS HexCer 18:1;2/12:0,0 49108.55469 Hex2Cer
23| IS HexCer 18:1;2/12:0,0 49108.55469 Hex3Cer

24 ISPC 183183 136568.7344  PC O-
25| IS PE 0-20:0/0-20:0 49670.83203 PEO-
26 ISLPC 0170 30001.87108 LPCO-
27 ISLPC O-17:0 30001.87109 LPE

28 ISLPC O-17:0 30001.87108 LPEO-

Figure 23. Information on internal standards spiked to the neurolipidomics
sample set

We note that the sample list and internal standard list requires in each column of
the second row a “d” to be treated as text or “c” to be treated as numerical value.

These files also need to be renamed to .tab to be recognized by Orange.
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8.8. C define sample list for Orange

The sample list (Figure 24) is created and can be manipulated using Excel, but

has to be saved as tab delaminated txt file and renamed to “.tab” to be used by

Orange.

A 1]
i RAW_ID File_sting_Fi Sample_number
Z d d d []

3

4 |eE28 posi0i0 eE28 postot 01 1
5 |eE28 posili 02 eE2% postit © 02 1
6 |eE2 posili 03 eE2% postit © 03 2
7 |eE28 posi0i 04 eE2% postit ” 04 2
g |eE28 posi0i 05 eE2 postit ” 08 3
9 |eE28 posiUL 06 eE28 post0t ” 06 3
10| eE28 postDL 07 eE28 postll © 07 +
Tl |eE28 posiD 08 eE28 postll © 08 +
12| E28 posiDL 09 eE28 postll © 03 5
15| eE28 postDLW eE28 postll © W 5
14| eE28 postDLfl  eE28 postl " Ml 3
165 |eE28 postdiiz eE28 postol 12 3
16 |eE28 poslDL iz eE2g postil © 7
7 |eE28 posldL ¥ eE2f posti © M 7
15 |eE28 poslILIE eE2f postil © 6 3
19| eE28 poslDLIE eE28 posti © 3
20 | eE28_post)L1? eE28 posti © 17 E]
21 | eE28 post)L 18 eE28 postll © E]
22 | eE28 post 19 eE28 postll © [}
23 | eE28 post 20 eE28 postl © 20 [}
24 |28 post){ 21 eE28 postll © 2 1
25 | eE28 posi) 22 eE28 postll 22 1
26 |29 posl 23 eE28 postll 23 [
27 |eE28 postD 24 eE28 postll 24 [
28 | eE28 posiD| 25 eE28 postll © 25 13
29 |28 posiD 26 eE28 postll ” 26 13
30 | eE28 postDL 27 eE28 postll ” 27 1
31 |eE28 posiD 26 eE25 postol 28 1
32 |eE28 neg2l 01 eE28 neg2l © 01 1
33 eE28 neg2l 02 eE2fnegl T 02 1
34 eE28 neg2l 03 eE2fneml. © 03 2
35 eE28 neg2l 4 eE2Eneml T 04 H
36 | eE28 neg2l 05 eE2Enegl. © 05 3
47 |eER8 negZ 0B eE2% neg2l T 06 3
38 | eER8 negZ 07 eE2% negzl T 07 [
33 | E2S neg?l 08 eE2% negzl © 08 [
4028 neg?l 03 eE2% negzl © 09 5
41 28 negZl 10 eE2E negzl © M 5
42 28 negZl M eEZE negzl " N 3
43 eE28 neg?l 12 eE28 neg2l | 12 3
4% 628 neg?l 13 eE28 neg2l 1 v
45 | eE28 neq?l 4 eE28 neq2l T M v
46 eE28 neq?l 15 eE28 neq2l T & ]
47 eE28 neq?l 16 eE28 neq2l © & ]
45 |eE28 neq2l 17 eE28 neg2l " 7 3
43 eE28 neg?l 13 eE28 neq2l © & 3
50 | eE2% neg2l 19 eE2fneml ©  # n
5 |eE2% neg2l 20 eE2fnegl © 20 [}
52 eE2% negzl 2l eE2fneml T 21 1
53 eE2% neg2l 22 eE2f negl " 22 1
54 cE28 neg2l 23 eE2E neg2l T 23 12
55 eERS negZl 24 eE2% neg2l T 24 12
56 | eE2S neg?l 25 eE2% negzl T 25 13
57 eE2S neg?l 28 eE2% negzl © 26 13
5% | eE2S neg?l 27 eE2% negzl T 27 1
59 | eE28 neg?l 28 eEZ8 negzl | 28 [

E
Sample_namef

G
Sample _name3
d

1. Corebelum{WT-A]  Cerebellum[%T-A]  Cerebelum[WT]  Cerebellum

1.Corebelum{WT-A]  Cerebellum[%T-A]  Cerebelum[WT]  Cerebellum

2 Cerebellum[WT-E]  Cerebellum[%T-E]  Cerebelum[wT]  Cerebellum

2 Cerebelum[WT-E]  Cerebellum[%T-E]  Cerebelum[wT]  Cerebellum

3.C 0] C 0.4] G 0] Cereb

2.C 0] C 0.84] G 0] Cereb

4G 0B8] G 08 G 0] Cereb

4G 0B] G 08] G 0] Cereb

5. Hippocampus[WT-4] Hipposampus[WT-4] Hipposampus(WT] Hipposampus

5. Hipposampus[WT-4] Hipposampus[WT-4] Hipposampus{WT] Hipposampus

6 Hipposampus[WT-B] Hipposampus[wT-B] Hipposampus(WT] Hipposampus

& Hipposampus[WT-B]  Hipposampus[WT-B] Hippooampus(WT] Hipposampus

7.Hippocampus{K0-A]  Hippocampus[K0-4]  Hippooampus{KO] Hipposampus

7.Hippocampus{K0-A]  Hippocampus[KO-4]  Hippooampus{KO] Hipposampus

4 Hippocampus{KO-B]  HippocampusKO-E]  Hippooampus{KO] Hipposampus

% Hippocampus{KO-B]  HippocampusKO-E]  Hippooampus{KO] Hipposampus

9 SIEFWT-8] SEF[WT-A] SIBF[WT] BF

9 SIEFTWT-A] SEF[WT-A] SIEBF[WT] S1BF

10 SIEFWT-E] SEF[WT-E] SIBF[WT] S1BF

10 SIEFTWT-E] SEF[WT-E] SIBF[WT] S1BF

1. S1BFKO-A] SIEF[KO-A] SIBF[KO] S1BF

1. S1BF[KO-5] SIBF[KO-A] SIBF[KO) S1BF

12 SIBF[KO-E] SIBF[KO-E] SIBF[KO) S1BF

12. SIBF[KO-B] SIBF[KO-E] SIBF[KO] S1BF

bik bik bik blk

bik bik bik blk

bik bik bik blk

bik bik bik blk

1.Cerebelum{WT-A]  Cerebellum[wT-A]  Cerebelum[wT] Cerebellum

1.CerebelumWT-A]  Cerebellum[%T-A]  Cerebelum[wT]  Cerebellum

2. Cerebelum[WTE]  Cerebellum[%T-E]  CerebelumwT]  Cerebellum

2 Cerebelum[WTE]  Cerebellum[%T-E]  CerebelumwT]  Cerebellum
0-5] 0-8]

.G 0Al G 0.4 0] Cereb

4.0 0B O 08 0] Cereb

4.0 0B O 08 0] Cerebell

5. Hippocampus{WT-4]  Hippocampus['WT-4] Hippocampus[WT] Hippocampus

5. Hippocampus{WT-4]  Hippocampus['WT-4] Hippocampus[WT] Hippocampus

& Hippocampus{WT-8]  Hippocampus[wT-B] Hippocampus[wT] Hippocampus

[3 WTB] WT-B) WT] Hi

7.Hippocampus(KO-A]  Hipposampus[kO-4] Hipposampus(kD] Hipposampus

7.Hipposampus(KO-8]  Hipposampus[KO-4] Hipposampus(kD] Hipposampus

8 Hippocampus(KO-B]  Hippocampus[KO-B] Hipposampus(kD] Hipposampus

8 Hippocampus(KO-B]  Hippocampus[KO-B] Hipposampus(kD] Hipposampus

3. SIBF[WT-8] SIBF[WT-A] SIBF[WT] S1BF

3. SIBF[WT-5] SIBF[WT-A] SIEF[WT] S1BF

10 SIEFTWT-E] SIBF[WT-E] SIBF[WT] S1BF

10, SIEFTWT-E] SIEF[WT-E] SIBF[WT] S1BF

11 S1BFIKD-8] SIBFIRO-A] SIBFIKO] S1BF

11 S1BFIKD-8] SIBFIRO-A] SIBFIKO] S1BF

12. SIEF[KO-E] SIEFKO-E] SIBFIKO] S1BF

12. SIEF[KO-E] SIEFKO-E] SIBFIKO] S1BF

bik blk blk bk

bik blk blk bk

bik blk blk bk

bik bik bik bk

]

CEZZNONOONFFO000NOPPO0NONO>FPICEr00NONDDPPU000000FFO000NTOE R

DrOFrNrP0FO0Fr0r0r0r0r0r0 00> 0>r0r0 000 Fr0>r0>0Fr0r0Fr0>0F 00

Figure 24. Sample list from a neurolipidomics study of three mouse brain tissues
(Cerebellum, Hippocampus and S1BF) from wild-type and PRG-1 knockout mice.
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8.9. D Orange pmol calculation

To calculate the molar abundance of lipid species a sequence of processing

steps is applied to the data using Orange (Figure 25).

T DRANGE ol _cakculation - Orange Canva:
Fin Vew Ot Wi he

= |n
Onn | vessies | Clasby | Regresson | Evsuste | Unnpervsed | assocste | viusizec

i Data Teble MergeDats  Attvbotes Daman  Dats Sangier  Data (Congtruckr Domain  Seript Viewer
D = lia] ]
r: e . w:%n e " IQ:_ w,a_Drm‘-e
Or——d-E (e1] 00—
|g| : B sanduds :%"

Figure 25. Screen shot of Orange scheme to calculate molar abundance of lipid

species

Input the merged data file created by the ALEX unifier, the sample list created

with Excel and saved as tab delimitated file and the spiked internal standard list

created with Excel and saved as tab delimitated file into “A. all data, B.

standards, C. sample_list” by clicking on the respective Icon to select the file

(Figure 26).
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A

B A.all_data

=] B

DataFile

(ﬁddh S

Infa
26460 example(s), 23 attribute(s), 0 meta attribute(s).
Data has na dependent variable.

B

C

[
| B. standards [_ O] x] & €. sample_bst [ 1D0=]

- DataFile DataFie
Rty bl Loty - 5 Rt
Internal_standards_info.tab S & Reload | [rrceia bt 1ot = QE
wéo
- Info. 58 quarrpleds), 13 stbribubo(s), O mota abirbudels).
25 exarple(s), 3 attribute(s), 0 meta attribute(s). Dt s e oot variabin.
Data has no dependent variable.
=

™ Advanced settings

Report

I advanced settings

Report

Figure 26. Orange input to calculate the abundance of lipid species

A detailed description of each step in the sequence can be found in this manual

(6. Orange). After each step the data can be accessed by opening the

corresponding Data Table (Figure 25). The data set can be saved by clicking on

the last icon “processing stopped here_to be continued remember to remove C#

and D# signs for Tableau”. The data are saved as a Comma-separated values

(.csv) file (Figure 27) and can be visualized using Tableau. It is recommended to

remove the C# and D# from the first row in the data set using Excel (Figure 28).

& processing stopped here_to be continued ... [ E3 |

— Filename

oukput_prnol_for_Tableau, csy

N |

— Save

Save current data

Figure 27. Saved output file as Comma-separated values formate in Orange

A 8 € (1] i F G H [ ] ¥ L M N o B a
1 RAWID Targetm/  Lipid species DELpid ID Uipid category Upld class Adduct Canflicts isctope cluster Isatope probability lsatope Charge D#C index Didh index OM index Sum composition Sum farmula
2 eE1E_negll 01 3813047729 LPA 140 101034 Ghycarophasphalipld LPA He ? o 0.81560428 7 1 14 o? 180 CITHIAOTH
3 eEI8_neg2l 01 407.2304285 LPA 161 101047 Glycarophosphalipid LRA He ? o 0.793063055 7 1 16 17 16:1 CISHIBOTH
4 eEI8_negil 01 409.236053% LPA 160 101048 Ghycerophosphalipld LPA He ? o 0.797880511 7 1 16 0?7 “16:0 CISHIROTH
5 eEIS_negil 01 4312304285 LPA 183 101053 Glycerophosphalipid LRA He ? o 0.781076855 7 1 18 37 18:3 CHHIBOTH
G eEI8_negil 01 4332360535 LPA 183 101060 Ghycerophasphalipld LPA He ? o 0.TH0EITINT 7 -1 18 17 “18: CIHIROTH
7 @EI_negll 01 435351709 LPA 18:1 101061 Glycerophosphalipid LRA He ? o 0.730717621 7 1 18 17 181 CHHAATH
f eEI8_negil 01 4372673645 LRA 180 101062 Ghycerophasphalipld LPA He ? o 0.730538067 7 1 18 0?7 “18:0 CIHAIOTH
9 @EI _negll 01 457.2360535 LPA 20:4 101072 Glycerophosphalipid LRA He ? o 0.764375422 7 1 0 a? 304 CIIHIROTH
10 cE28_negll 01 459.251709 LPA 20:3 101073 Glycerophasphalipld LPA He ? o 0.764059645 7 1 20 37 2003 €23H8007P
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Figure 28. Orange output data file in Excel. The D# and C# should be removed
from the first row before vizualising the data set with Tableau software

8.10. Tableau data visualization
The Orange output files are linked with Tableau (www.tableausoftware.com)
used for data visualization. By default, Tableau treats all relational fields from the
output file containing text or date values as dimensions and all relational fields
containing numbers as measures. The data can be sorted and visualized in
different display formats by dragging the fields onto the Columns or Rows shelf.

Following are some examples how the lipidome data can be in interrogated:

- Lipid category composition in mol% (Figure 29)
Columns: Lipid category, Sample_namel; Rows: fmol; Calculation Type: %

of Total over Lipid category

e i [re—

100%

—— [E— —
| 2
i 20%
10%
5%
. e
i &
5%
0z%
01%
D05%
o02%
001N

Analysis of Lipid Experiments (ALEX) Page 34




Figure 29. Lipidome visualization : mol% lipid category. Notice that the y-axis is
logarithmic. Data is displayed as the average of the two technical replicates per
sample.

- Double bound index in mol% of LPS species (Figure 30)
Columns: db index, Sample_namel, Replica; Rows: fmol; Calculation Type:

% of Total over Lipid category; Filter: LPS
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Figure 30. Lipidome visualization : mol% of db index of LPS species. Note that
histogram include plot for both technical replicates.

- PE species in mol% (Figure 31)
Columns: Lipid species, Sample_namel, Rows: fmol; Calculation Type: %

of Total over Lipid category; Filter: PE
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Figure 31. Lipidome visualization: mol% of PE species. Data is displayed as the
average of the two technical replicates per sample.

- All GPL species in mol% (Figure 32)
Columns: Sum composition, Sample_namel, Rows: fmol; Calculation Type:
% of Total over Lipid category; Filter: Lipid category Glycerophospholipids

lliuhn Ii J“hh.l" lllﬂ
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Figure 32. Lipidome visualization: mol% of all GPL species. Data is displayed as
the average of the two technical replicates per sample.

For more information on how to use Tableau visit www.tableausoftware.com

and the online help at
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http://onlinehelp.tableausoftware.com/v7.0/pro/online/en-us/help.htm
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