..
I \‘ : ! L J
L J
[ J
[
socialni MINISTERSTVO SKOLSTVI, OP Vzd&lavani

fondvCR EVROPSKA UNIE A/LADEZE A TELOVYCHOVY pro konkurenceschopnost
INVESTICE DO ROZVOJE VZDELAVANI|

Principles and Practices
on analyzing metabolomics data

Dr. Xiaoliang Sun

Laboratory of Ecological Plant Physiology

Tato akce se kona v ramci projektu:

Vybudovani védeckého tymu environmentalni metabolomiky a ekofyziologie a jeho
zapojeni do mezinarodnich siti (ENVIMET; r.¢. CZ.1.07/2.3.00/20.0246)
realizovaného v ramci Operacniho programu Vzdélavani pro konkurenceschopnost.
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Read data matrix Excel, txt,

‘ etc.

Data Preprocessing

Missing value imputation Outlier adjustment
* Minimal ¢ Mean ¢ Distribution © Mean ¢ Distribution

Aconitic acd, cis- 5327144535 477204931 475735824 541641324 503003  Tansormaton s
Alanine 5760929669 531855579 542984623 60864222 6705485 |

Alanine-, bata 518895195 48628535 494017365 535239817 5538512 Fitering araes

Ascorbic acid 5355646654 533068737 554944019 545579956 5716773 | | 2itmes el Sy oretom 500 Obes

Asparic acid 5835499666 607170371 673390743 614484235 597393
Citric acyd 7.470201132 7.29674425 725328882 75181206 7303258

Dehydroascorbic acid 6.450444957 642382375 68047005 658694452 6465055 I = l

Disaccharid 4423030873 405857819 4 32859405 44992042 4 078352 %
Ethanolamine 75380473 746042205 751635012 757852577 7445617 | : Statistical deta analysts
Frusctose 6568186542 641723942 6597633475 654992489 6457776 | Individual metabolite level Group level
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Save results




Features of metabolomics data

High dimensionality, i.e., many compounds, treatments

Data are usually not perfect, e.g., missing values, outliers,
ranging in many magnitudes

Interact in pathways and network
Limited identification for secondary metabolites

R1 R2 R R1 R2 Rp R1 R2 Rp

p R1 R2 Rp

Metabolite 1 X X X X X X X X X X X X X X X X
Metabolite 2 X X X X X X X X X X X X X X X X
Metabolite 3 X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X

Metabolite m

From this page on, | use “variables” to denote metabolites, and
“conditions” to denote treatments (e.g., control, cold stress, etc.)



Principles and methods
to analyze metabolomics data

* Individual metabolite level (Univariate analysis)
— To detect changes under different conditions
— To study pairwise relationships between metabolites

 Metabolite group level (Multivariate analysis)
— To study metabolite group differences relating to conditions
— To study patterns of metabolites profiles across all conditions
— To find out which factors cause differences
— To find out which metabolites are important, such as biomarkers

 Network level (Graph analysis)
— Mapping identified metabolites to pathway databases
— Inferring metabolic network from data
— To find out how networks are differently associated with conditions



Individual metabolite level (1)

 ANOVA (ANalysis Of VAriance) to detect difference

among conditions
--

Metabolite 1 X
Metabolite 2 X 7 X
Metabolite 3 X 5 X

Metabolite m X 5 X

R1 R2 Rp
X X X X X X X X X x|
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
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Distrbution
density

A metabolomics dataset
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Missing values problem

* What causes missing values?
— Because beyond machine detection ability?
— Because software problem (e.g., deconvolution)?
— Because randomly missed?

* Two approaches to fill missing values
— Use half of the minimal value
— Use distribution-based algorithm



Outliers
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Individual metabolite level (2)

* Correlation coefficient characterizes the
similarity between two metabolites

— Use Pearson’s for normally distributed data

— Use Spearman’s for not normally distributed, existing
outliers data.

Common outputs of correlation
calculation are:

1) Correlation coefficients [0-1]
2) p-value to indict significance

0< p <+1 p=+1 p=0




Individual metabolite level (3)

* Granger causality identifies the causation
between two metabolites in time course data

Hannes Doerfler*, David Lyon*, Xiaoliang Sun*, ..., Wolfram Weckwerth, Metabolomics, 2012

time series of distinct metabolic states

‘ Interval sampling to obtain

- e

——
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Metabolite group level (1)

* Principal component analysis (PCA) distinguishes
phenotypes and finds most influencing metabolites

~

[Loading, Coordinate, Variance] = Singular Value Decomposition(data) }

.

A. Variance occupancy B. Loading plot C. Coordinate plot
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Data Scaling?

e Scaling is necessary if aiming to compare
relative change

Metabolite Initial Fluctuation Changed ratio Loading Differential

Concentration amplitude (fold) of PC1 loading of PC1
[a.u.] (CA) (log2 ratio)

I I e )
e Scaling methods:

This is the formula for In every normal distribution
converling o given value 0.3413 of its fotal area lies
of x into ifs corresponding hehveenzthe]rgecm and

7 score: -

X - B,

z

Values of Z %

— Linear: z-score, range [0,1]

— Nonlinear: log




Metabolite group level (2)

* Clustering classifies data into groups

— Common methods: hierarchical clustering, k-
means clustering |

— Regression
— Based on graph

K-Means Clustering of Profiles

-Altr
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D-Glucose
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Nonadecanoic acid
acid
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Metabolite group level (3)

* Regression identifies association between
metabolites and conditions, and is especially
useful for orthogonal experimental design

[Species] [Tr.1] [Tr.2] [Tr.3] [Tr.3]

Barke UVA+ UVB+ PAR+ N+ H H .

e A UVE. PaRs s Discretize treatments: 1 for -, 2 for +
Barke UVA- UVB+ PAR- N-

Barke UVA+ UVB+ PAR+ N-

Barke UVA+ UVB+ PAR- N+

Barke UVA- UVB- PAR- N- Regression equation:

Barke UVA- UVB- PAR- N+ —_ % H *
ARV m/z feature level = a0 + al*Species +.a2 Tr.l+

Barke UVA+ UVB+ PAR- N- a3*Tr.2 + a4*Tr.3 + a5*Tr.4 + a6™Species*Tr.1 +

Barke UVA- UVB+ PAR- N+ " ok * L N

Barke UVA- UVB+ PAR+ N+ a/*Species*Tr.2 + a8*Species*Tr.3 + a9*Tr.4 +

Barke UVA- UVB+ PAR+ N-

Bonus UVA+ UVB+ PAR: N+ al0*Tr.1*Tr.2 + al1*Tr.1*Tr.3 + al2*Tr.1*Tr.4 +

Bonus UVA- UVB+ PAR+ N+ %k * * k * *

Bone UVA- UVE. PAR. N al3*Tr.2*Tr.3 + al4*Tr.2*Tr.4 +al5*Tr.3*Tr.4 + error

Bonus UVA- UVB- PAR- N+
Bonus UVA- UVB+ PAR+ N-

Bonus UVA- UVB+ PAR- N+ H . . . . . .re
Bonus UVA. UVB. PARs N. Stepwise regression eliminates insignificant

Bonus UVA- UVB+ PAR- N- 1 1
Bonus UVA+ UVB+ PAR- N+ aSSOCIatlonS

Bonus UVA- UVB- PAR+ N+
Bonus UVA+ UVB+ PAR+ N-
Bonus UVA+ UVB+ PAR- N-



PC 1 (19.7%)
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Influences of data preprocessing to
statistical analysis results

Statistical Missing value imputation Transformation & Scaling | Th e d I St rl b Ut I 0 n - b a S e d I m p Utat I 0 n m et h 0 d :
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Network level (1): database mappin

Original names Reduced names KEGG names mapping
*Ribitol (5TMS) (Intemer Standard) Ribitol Metabolite: Aconitic acid, cis-
10*13C-Sorbito|_IntSTD mz323 RT28 55 Sorbital
10_Aldohexose (Glucose) (1MeOx) (5TMS) BP . -
10_Aldohexose (Glucose) (1MeOx) (5TMS) MP Glucose Yoo clErzeEEEeas aEll
10_Sucrose (8TMS) SLICI'D.SIE . . 2...Echinocystic acid
Aconitic acid, cis- (3TMS)? Aconitic acid, cis- 3...9-cis-Retinoic acid
Alanine (3TMS) Alanine i ini 5
Alnine.,beta (3T/S) Alarine-, beta oohoerame med
Ascorbic acid 4TMS A bi : id 5...cis-Reonitic acid
Ascorbic acid; Dehydroascorbic acid dimer BP SCOMDIC &C1 - 6...crans-Aconitic acid
Ascorbic acid; Dehydroascorbic acid dimer MP DEhydroasc_mb‘c acid 7...7-0Oxosuccinamic acid
Aspartic acid (2TMS) Aspartic acid a Oxal ey id
Aspartic acid (3TMS)? Citric acid ...0xa ?Succln:!.c_ac1 _
Citric acid (4TMS) Hexadecanoic acid 5...2-Aminosuccinic acid
Cont Hexadecanoic acid : 10...Citraconic acid
Octadecanoic acid
Cont Octadecanoic acid (1TMS) Ervhronic acid 11...0ctanedioic acid
Eryhronic acid (4TMS) (or Threonic acid?) ! " _
Ethanolamine (3TMS) Ethanolamine Which one? &
Name KEGG Name KEGG ID Formula
Aconitic acid, cis- cis-Aconitic acid coo417 CBHBO6
Alanine Alanine C01401 C3HTNO2
Alanine-, beta beta-Alanine C00099 C3HTNO2
Ascorbic acid Ascorbic acid Cooo72 CEHBO6 KEGG |D Formula Ma in
Aspartic acid Aspartic acid C16433 C4HTNO4 / pp g
Citric acid Citric acid C00158 CBHBOT7
Dehydroascorbic acid Dehydroascorbic acid C05422 CEHBO6
Disaccharid Lipid A disaccharide C04932 CBEH129N2020P
Ethanolamine Ethanolamine C00189 C2HTNO
Fructose Fructose C02336 C6H1206
Name KEGG Name KEGG ID Formula Color Control 3D 5D 3G 5G
Aconitic acid, cis- cis-Aconitic acid coo417 CBHBOG blue 5.327144535 477204931 4.75735824 541641324 5.03003
Alanine Alanine C01401 C3HTNO2 blue 5.766923669 5.31855579 542984623 6.0864222 |6.705485
Alanine-, beta beta-Alanine C00099 C3HTNO2 blue 5.18695195 4.8628535 4.94017365 5.35239817 5535512
Ascorbic acid Ascorbic acid C00072 C6HBOG blue 5.355646654 5.33066737 |5.54944019 545579956 5716773 User's data
Aspartic acid Aspartic acid C16433 C4HTNO4 red 5.835499666 6.07170371 |6.73390743 |6.14484235 597393 <:|
Citric acid Citric acid C00158 CBHBOT blue 7470201132 7.29674426 |7.25328882 7.5181206 |7.303258
Dehydroascorbic acid Dehydroascorbic acid C05422 CBHBOB blue 6.450444957 6.42382375 6.8047005 |6.58694452 6465055 integration
Disaccharid Lipid A disaccharide C04932 CB8H129M2020P blue 4.423030873 4.056857819 4.32869405 44992042 4078352
Ethanalamine Ethanaolamine C00189 C2HTNO blue 7.53389473 7.46042205 751635012 |7.57852577 7445617

Fructose Fructose C02336 C6H1206 blue 6.568186542 6.41723942 697633475 |6.54992489 6.457776



An example. Red: up- / Blue: down- regulated
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Pathway enrichment analysis can be done afterward.



Network level (2): inferring from data

* Based on:
— Correlation coefficients
— Granger causality
— Regression




An ecological network

[0 | - Environmental factors. Size proportional to degree.

[ ) OTUs. Size proportional to degree.

Associations between OTU and one environmental factor.

Associations between OTU and multiple environmental factors.

——
— Associations between OTUs.
—

Associations between environmental factors.
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Network level (3): differential Jacobian identifies
dynamical changes in metabolic network
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Network level (4): spectral clustering
partitions network into separate modules

The network is constructed from
regression coefficients and is partitioned
into a few modules by spectral clustering.




Clustering varia
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Analyzing metabolomics data
COVAIN

Read data matrix Excel, txt,

‘ etc.

Data Preprocessing

Missing value imputation Outlier adjustment
* Minimal ® Mean e Distribution # Mean e Distribution
Transformation Scaling
* Power « Log ¢ Others # Zscore « Range o Log

Filtering variables
# Level o Relative Change o Signal-to-noise ratio ¢ PCA ¢ Others

L

Statistical data analysis

Individual metabolite level Group level Network level

ANOVA Correlation Granger causality PCA/ICA Clustering Network

Save results Excel, txt,
etc.

Sun X & Weckwerth W, Metabolomics, 2012
Doerfler H*, Sun X*, et al, PLoS One, 2014



A short illustration
on analyzing cold stress GC-MS data

Most methods presented in this talk are included in the COVAIN software.



mzGroupAnalyzer - Predicting Pathways and Novel Chemica
Structures from Untargeted High-Throughput Metabolomics Data

8 c [) 3 3 A s
Intensity Relative Theo.Mass Delta (ppm)  Compor Resction step | chemical modification et C change. et Hchange. net 0 change. net N dhange |
methylation ngstion. . (402) :
methyistian | N metylation...(+04)
Zxmethylation / CH2 elomgation.. (+ 210
Zxmetiylation / N-methylation... +2aCH3]
o)

48511559 259785 086 46811578 C11H22014N5
48811527 c25H2008

ead m/z data
- . 44910784 c21H21011 -

shpdrogenai
5018077 92406 59418977 C36+H26 05 Ne Inirpérogension

and reaction 594.19028 22428 01189 e
A . s94.10028 casmssot6 N2 ifaton
- . 50435642 59435644 €37 Ha6 03 N& cambined hydrogeratian and ratonation
59435695 €23 H48 09 N9 potomtive
ru I es ) seaz5696 caenseoten: K
y . 5 sosaea7a | 712191 sos.10462 csom27 013 i
TE = 59510461 casm21 08 N7 Hexcsylation gyeesyltion..
sos.14512 cien20 0195 dveosat hameosystion

B <Gy Sty

Totaily 25 peths e found !

Frem (0O} Tooms

mzGroupAnalyzer : o : COMEBORNA i 198, CROMRRCEI M. 281002 e 02635
(

C29HIDO14 N mz 198 CAIHS2 027 N9 mz 728 1907 > mz 690.2435 -
CI0HIEOION2 mz 198.. CSOHSE OR2N2 mz 7281007 > mz 690 2436 >
CABHZIOZNG  mz 1197 CT HA3 014N mz 757 1069 > mz 680.2302 >

+ A-->B maon 57 C22HI9 02 NS mz 1167 C41HE8 0B NG  ma 757 1979 > ma 669 2402 >
2xhydrogensbon 5

CAOHIT OI7NT mz 1187 C54HE1 025 NT  mz 887 224 -> mz 869 2397 -> 1
CAIHEI022  mz 197, CSSHSTOM0  mzB8372241->mz B89.2397 >

. A-->B-->C Rindabn CEOMZBON  mz1197. CESHAIOGN  mz 8972244 > mz 88924 > m
oot ms 1o oo i oon s (EETETAEPTETITS
A-->B-->C-->D o A T T G

A-->B->C-->E o Fe 90 Ve bue Toos Oeiop Windea e

hybogenmon (+42)  muomatn  snapoylmen  manosxygenstin (+0)

e 92402 « 975 2005 12 a1
amiino oroup addtion

reaction with net C loss (e g phe. (C2TMASOZ8NS)  (C2THATO2BMNE)  (CIOMMGODINS)  (CATHSSOISNS)  (C41M59 006
3-amin0-4,7-Ghyceoey-B-metc ™ i e

data: [482x5 double]
v esgaen | o dataRll: {489x5 cell}
cvmicema . finalCorrectPath: {3329x1 cell}
CHE. | = - 5 finalTimedPath: {3329x1 cell}
P mm¥et: [489x489 logical]
—— mmNetS: [489x489 double]
< - - mmiletPattern: [489x489 double]
. 2 mzList: [489x1 double]
ana , mzName: {489x1 cell}
R - - - rulelLisc: {54x1 cell}
Swmacm x_final: [3329x1 double]
e v_final: [3329x1 double]
smication allPath: [3329x1 struct]
ey ——— 7 2 : e = 1

aamampnicn | 12 siongation




1. Select the desired m/z range in full scan for a combined
full-scan spectrum (whole chromatogram might be too
data-heavy — divide in more work steps in this case)

e Choose full scan in chromatogram window

e ,Pin“spectrum window below and select TIC range with left mouse hold down

RT: 0.00-114.39

20.44 ML:
4 83ES
TICF. FTMS
# p MSI Full

full scan e .00

2000.00]

MS Ara2a,

Realative Abundance

&
‘nfj' 65.43 73-:5 7729 2393 se9s 9519 9845
T T T T T T T T T T T T T T T T T T T
&0 70 50 50 100 110
{miin)
Ars28 #1084-1559 RT: 24 82-35.45 AV: 238 NL: 1.22E7 i
F: FTMS + g NS Full ms [100.00-2000,00]
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Combined full scan
o
E 7o+ £95.19
= &0 t
: spectrum
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2. Set parameters for your data in ,,spectrum list” view

In spectrum window: right click =2 view = spectrum list

In ,View” header = open ,,Info bar“ = ,Elemental composition”

Parameters might depend on sample type, acquisition method, etc.

Tick and untick ,,Elemental composition” to refresh parameter settings

Parameter settings (red windows in next slide) e.g.:

 elements C,H,O,N,S

* Intensity 0.5-100 %

* 5ppm, 1-2 or lower for high res instruments
e 5 formulae



1] Thermo Xcalibur Qual B

File Edit View Display Grid Actions Teools Window Help
= Iz i®

& B

KT

«»r Xt ¥

Maszs: -

Max. results 10 = Calculate

Idx Formula RDB | Delta mmu
File. List Simulate

Charge: 1

8 g5 %g B 8 @ ~ L E[E) ?
ChlUsers\ _\LC_ Daten rawt\Ara2A 14.06.2011 13:49:05
RT: 0.00-114.99
100 Important:

Relative Abundance
o
=]

e Set ,All peaks”in ,Display
Options” (right click in spectrum

list)!!

* Set ppm limit according to the
accuracy of your machine

Mitrogen-Rule: | Do not use

Mass tolerance  140.00

ROB equiv: -1.0-100.0
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3. Export from Xcalibur to Excel

e ,Copy cell”in Xcalibur , Edit“ header (seems to be best option RAM-storage-

wise)
alternatively

»Export to Clipboard (Exact mass)”

Thermo Xcalibur Qual Browser - |E_!!_2.RAW] !

File [Edit| View Display Grid Actions Tools W : 253
.00]
ﬁ =ﬂ' LUndo Ctrl+7 i+ & . Mass Delta Composition
- (ppm)
m CI:IFI}f Cell Ctrl+©C . 02332 0.10 Cg Hs O3
[5.03858 -15.15 C12Hs
Paste Cell Ctrl+V | cul 5. 00806 15.36 C4Hs04
- 5.04445 —21.02 C5Hg05 View
II i 5.00219  21.23 C11HO Subtract Spectra
Eleme I BT [7.06519 0.03 C11H1104 Export Clipboard (Exact Mass)
. CDF"_‘,." S-FlECiEl... ’ [7.08044 -15.23 C15H11 0 v Elemental Comp. Clipboard (Nominal Mass)
Single ) 1 7.04993  15.28 C7H11 07 Ranges. r
Mass: i 7- 08631 ~21-10 CeHis 06 Display Options...
Mae results 10 |2 Calculate




4. Prepare Excel sheet for mzGroupAnalyzer

Separate the elemental composition by using ,text to columns® and ,,space”
as separator. You have to keep the ,,composition” column, so copy/paste it
into the next column and then separate it

- ¥ ¥ 1

A B C D E F G H |
m/z Intensity Relative Theo. Mass Delta (ppm) Composition C H 0
149.02343 171190.6 2.04 14902332 0.1 CEH503 C8 H5 03
149.03858 -15.15 C12 H5 Cc12 H5
149.00806 15.36 C4 H5 06 c4 H5 06
149.04445 -21.02 C5 H9 05 C5 H9 05
149.00219 2123 C11HO C11 H 0
207.06521 4045081.5 48.13 207.06519 0.03 C11H1104 C11 H11 04
207.08044 -15.23 C15H110 (15 H11 0
207.04993 15.28 C7Y H11 07 (7 H11 o7
207.08621 -21.1 CEH1506 (8 H15 06
207.04406 21.16 C14 H7 02 (C14 H7 02
208.06854 471427.2 5.61 208.07301 -4.47 C11 H12 04 C11 H12 04
208.05775 10.79 C7 H12 07 (7 H12 o7




— Data information

Choose data | full data preview @ mean value preview () transpose full preview (O transpose mean preview
I Load data ...
COVAIN —
- guided user interface —
Normaiize -
( ANOVA ] Plot (alf) ] | Evaluation ] Name the results
Log transform Z transform 0-1 Range scaling
Save
— Data Analysis

— Multivariate Statistics — Time Series — Network Analysis

Data selecti — Time points selecti Network Inferrence
( Input index, such as 1,2,3 (] An Input index, such as 4,2,3,1 [7] Defautt L Visualize network

Correlation p Network Propeu T

( PC number (max 5) [ Plot ) | [ Calculate & View ]‘ r View ]| |? Calculate & View ) ‘ -

ICA. — Clustering Inverse Jacobi; ‘
( _ IC number (max 5) [ Piot ]I {o Hierarchical © K-Means ‘ [ Sotcondif e ————

orrelation p

[y v —| | SN . ==w 1. load data -

Cbster Granger ysi KEGG Pathway
T Normal analysis Case-Control analysis E Calculate & View ) ‘ d ]

P Entropy

[ pcalabel | [ icALave | Calculate & View

2. select data, rule file
and output location

TR
sa5.10460 022 C29 ML 0INT
s#14512 Q.54 CI6 WIS OLI NS
WEASHH ML M SIEM 0,18 C26 425 0LONT

58516575 419 C2T WAL 0L
@

sesamss st o4 e

mramess  meess o mazisas
nussr  ooscumscnNT
P ws

masos e om mmisEr

IR &8 (b e i e

data file

- transformation files will be created

+ output directory



3. start Pathway Viewer

or when mzStruct.mat file has

already been created before:
Would you search for all pathways between m/z features?

Lves Jl[ Mo | [ toas |

OR i From (m/z)  From (CHO) To(m/z) = To (CHO) Path

v
v v 1 |mz287.055 C15H1106 mz535.1082 C24 H23 O... mz 287.055 -> mz 449.1078 -> mz 535.1082 -
g 3 2 |mz287.055 C15H1106 mz889.2397 C41H450.. mz287.055 -> mz 449.1078 -> mz 595.1446 ->
& @ 3 |mz287.055 C15H1106 mz1005.2.. C45H490... mz287.055-> mz 449.1078 -> mz581.1501 -> mz =
v v 4 |mz287.055 C15H1106 mz1035.2.. C46H510... mz287.055 -> mz 449.1078 -> mz 581.1501 ->
v v 5 |mz287.055 C15H1106 mz1065.287 C51H53 0. mz 287.055 -> mz 449.1078 -> mz 595.1446 -> mz
v v 6 |mz287.055 C15H1106 mz 1081.282 C51H53 0... mz 287.055 -> mz 449.1078 -> mz 581.1501 -> mz
u v 7 |mz287.055 C15H1106 mz1111.2.. C52H550.. mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
3 g 8 |mz287.055 C15H1106 mz1121.2.. C53H530.. mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v 7 9 |mz287.055 C15H1106 mz1151.2.. C54 H550... mz 287.055 -> mz 449.1078 -> mz 581.1501 -> mz
V) v 10 |mz287.055 C15H1106 mz1167.2.. C54 H550.. mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v Vi 11 |mz287.055 C15H1106 mz1195.3.. C56 H59 O... mz 287.055 -> mz 449.1078 -> mz 581.1501 -> mz
& v 12 |mz287.055 C15H1106 mz1257.3.. C58H650... mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
g ,3 13 |mz287.055 C15H1106 mz1313.3.. C60H650... mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v v 14 |mz287.055 C15H1106 mz1329.3.. C60H650... mz 287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v v 15 |mz287.055 C15H1106 mz1359.3.. C61H67 O.. mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v v 16 |mz287.055 C15H1106 mz13733.. C62H690.. mz287.055 -> mz 449.1078 -> mz 581.1501 -> mz
v v 17 |mz287.055 C15H1106 mz1549.4.. C72H77 O.. mz 287.055 -> mz 449.1078 -> mz 581.1501 -> mz
g g 18 |mz581.1501 C26 H29 O... mz 889.2397 C41H450... mz 581.1501 -> mz 727.1869 -> mz 889.2397
7 7 19 |mz581.1501 C26 H29 O... mz 1065.287 C51 H53 O, 1.1501 -> mz 727.1869 -> mz 933.2448 ->
v v 20 |mz595.1446 C30 H27 O... mz 949.2608 ... Mz 595.1446 -> mz 727.1869 -> mz 787.208 -> mz
¥ V| 21 |mz595.1446 C30 H27 O.. mz 9! H47 0... mz595.1446 -> mz 727.1869 -> mz 889.2397 ->
: v 22 |mz595.1446 C30 H27 5.2.. C45H490.. mz595.1446 -> mz2727.1869 -> mz 889.2397 > _
“« »

=

clicking into the ,path“ et Vin Tt W -

- - - (alveosy Oosv (alvcosv
header will h|gh||ght the 0700 o AR T s M08 140 T TET A e A BOOTT  AETTS O s 1121270
(C15H1106) (C21H21011) (C30H27 013) (C35H35017) (C41H45022) (C44H47 025) (C53H53027)
selected path




4. view the Pajek.net file

mz287.055

m2535.1082

with Pajek

e (),
O

mz743.2029

XN

m2829.2033

I\ P
mz1121.2763

1065, 287 S nailg 267 |
X ) X |
BN mz]035.261
A‘ Vs - =
G N7

.mz1 549.4087

Ej mzGroup_test214

E] mzGroup_test214_freqlisted Groups.xsx

E] mzGroup_test214_freqNotlistedGroups.sdsx
Ej mzGroup_test214_mzStruct

|| mzGroup_test214_Pajel.net

(=] mzGroup_test214_transformations.dsx

14/02/2014 13:25
1470272014 13:25
14/02/2014 13:25
140272014 13:26
14/02/2014 13:25
14/02/2014 13:25
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Plan the future

* | will add more advanced methods, e.g.,
supervised machine learning, to COVAIN

* | am willing to develop methods and software
for your data
e Tutorial on COVAIN can be done in 2 hours.



