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@ NMRProcFlow http://nmrprocflow.org/
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Processing Biucketing Data Export a
Data Type to Export: Export Format: Normalization Method:
® Data matrix Semicolon Separator Value (CSV) - None -
0 Buckets table
o SNR matrix SNR threshold: PPM range of the Reference:

A 10.15 10.07 2

& Export Data Matrix

noisy PPM range:

10:510.2

”\RA INRA UMR 1332 BFP, Metabolomics Facility — 10 JS RFMS— May 2016 ‘

SCIENCE & IMPACT

My




http://biostatflow.org/
Sy e

v.2.7.7 (C) INRA 2015

— Authentication

Logged as

admin

— Sesgion

527974

— Description

none

INRA
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/

Upload your data table (CSV format with either a 59114:01011 or a comima as separator) g

Study Design - Number of Factors: 2r

Data format: |samples inrows /¥ |

Separator semicolon () ¥

Imported data file (.csv) : | Choisissez un fichier | data NM...bc7.csv o
Association file (.csv) (optional) : | Choisissez un fichier | Aucun fichier choisi

| vatate |} RESET

Information about the uploaded dataset

Filename: data NMEBFRINM3-4 beT7.csv( 43 rows x 360 columns)
Dataset: 2 Factors, 43 samples, 357 variables

Samples: Samplecode : F3-001 ... F4-093

Factorl: Condition : Control Shadow

Factor2: Stage : JOS J15 J18 J55

Variables: B9 1272 .. B0 §271

Next Step =

http://biostatflow.org/?session=527974
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Stat

v.2.7.7 (C} INRA 2015

Scaling
[l Clustering of Variables
HCACLUSTR

HCA Samples

Jl HCA Vanables

S| MDS_Clasters

d MDS Samples

§ MDS Vanables

Stats Clustering
Wl boxclusters

=S| clusters

PCA

VOLCANO-PLOT

ANOVAPCA

EloPLS-DA

g FLVIP

g e

@ EOFLSR

il orLs-DA FI
| oFL3DA F2

OPLS model F1

OPLS_model F2
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A clustering-based workflow applied on the NMR spectra buckets (NMRProcFlow)

— Authentication

Register

— Session

S27974

— Description

Tomaio - FRIM Jand 4 -
FingerPrinting - Cluster
Analysis : Reveal of latent
variahles

— Selection

Default Workflow | Proceed from the Dataset : | Scaling v 9

¥ Launch

Distance Method: | Agglomeration Method:| Complete ¥

relative distance threshold for variable clustering: '® Auto ' User
—

Save Associations: *!J_ Ye: 'O No

#! Launch
Scale: ' Yes ® No | Residuals QQ-Plot: ® Yes ' No

. Yes Mo | Scores within ellipses: ® Yes ' No | Labelsize: 2 ¥ |
| Use Associations Labels: ® Yes] ' No | Highlighted: ® Yes ' No

[ OPLS DA

x|
¥ Launch
Nb. Comp. Cutoff: [auto ¥ | | Nb.Comp:2 | | permutations for validation: [100 |
® Yo ' No | Scotes within ellipses: ® Yes ' No | Labelsize: |2 ¥ |
Use Associations Labels: © Ves] ' No | Highlighted: ® Yes ' No
| - Add an analysis - v |
Lmnch Anadyss http://biostatflow.org/?session=527974
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Cluster Analysis : Highlighting of latent variables =g b h.m

Optimized Maximize Minimize
in order to A A
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Cuttree = 0.200, Nb Clust = 56, Nb Vars = 226, Clust Max Size = 21

g | —— NbVars
¥ —— NbClusters|
—= MaxSize b1l
o |
R O =
i =
(V5] -J’..r'
5 2 Y
= m // B g %)
3 2 ff, *u"uj
Q g i /— =
_ = L [
% g o G
=4 [= ] / L
887 f B
]
2/ :
=] E = ) =
o / |
0 S | — - (=]
E g \ L ol
= -
s 8 A
HCA i :
i = 2
=
T T T T T T T i T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

cut heigths

12 10 8 6 4 2 0
IN: » Metabolomics Facility — 10 JS RFMS— May 2016

== SCENCE&



Highlighting
biomarkers

* By choosing a good “cut threshold”,

clusters link mainly the buckets that
have a "between-groups" variance,

e Hoping that these "groups"

corresponds to factor levels. A
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Score Plot : Orthogonal ve. Betweo n groups

O-PLS-DA

Loadings Plot : Orthogonal ve. Betwesn groups
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Clusters mainly located at the periphery of a circle => biomarkers are highlighted
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Score Plot : Orthogonal vs. Between groups

O-PLS-DA

Loadings Plot : Orthogonal vs. Between groups

* The "between-groups" variance within clusters seems NOT (or very slightly) correspond

to this factor
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Intensity (log10)

Boxplot by clusters (log10 transformed)

~= SCIENCE & IMPACT

Clusters cover the whole

range of intensities
(here we have 4 levels of
magnitudes)

MDS - Variables; cutree = 0.200000
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BH S ¢ @ -

Expo rt the CI uster fi Ie ACCUEIL Perso INSERTION MISE EN PAGE

k% Couper Calibri
By Copier -
Coller . . I 5 -
- ¥ Reproduire la mise en forme =
Presse-papiers ] Paolice
A B C D | E
= previous step 1 |vaR cup PPM
2 B9 1272 1 9.1272
| Exports : €SV | Associntion | 0_dataset | 0_factors | 5_scaling | 3 Baaas 4.4425
L 4 B2 5408 2 8.5408
5 |Bg 2825 2 8.2825
po/AIDS Clusters.txt Download © 7 |B7.6956 3 7.6956
s B7s63 3 7.6635
@ HCACLUSTR v 9 B7.2263  C3 7.2263
VAR €LID BPH 10 |B7._1585  C3 7.1585
HCA Sﬂ.ﬂll.‘EEE EZ 1272 1 9,1272 11 |B7_1415 C3 7.1415
- B4_2425 1 4.2425 12|ee 9820 3 6.982' _|
HCA Vanables DA AREE L1 iz 13 |B6_9625  C3 6.9625
3 EE_2E25 C2 2.2825 14 |B6 400 3 6.44
MDS Clusters 26 a3 e2 58 15 |B6. 4071  C3 6.4071
E7_6056 C3 7.69255
MDS Samol B7 8635 €2 SR 16 |B7 4362 4 7.4362
e 57 2283 €3 - aaRd 17 |B7.4224 4 7.4224
MDS Variables B7. 1585 C3 e 18 |B7.3439 4 7.3439
= £7_1415 €3 7.1415 19 |B7_3305 c4 7.3305
Stats Clostering B5_9328 C3 £.0528 20 |B7_2105 c5 7.2105
- : EE_DE25 C3 £.0525 71 |B6 9147  C5 6.9147
B6_a488 C3 6.4488 22 |B6.8980  CS 6.898
EE_aa7l o3 g.4871 23 |B5_4707 c6 5.4707
ET_4362 €4 7.4382 24|85 2608 CB 5.4608
RT A33A A T CATIA -
25 |B5. 4242 (7 5.4242
26 |B5. 4129 (7 5.4129
27 |B4 2109  C7 4.2109
28 |B5_2468 (8 5.2468
29 |B4 65640  C8 4.664
30 |B4 6279  C8 4.6279
31 |B3.8523  C8 3.8523
22 |B3 7352 C8 3.7352
3

EER r 35179
INRA S e mos custes [ @
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Stage : Expl. Var. PC1 = 45.136882
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Cluster C3 i
E7_EDSE E7_EE35 B7_1183 B7_15E5 B7_1415 BE5_0E18 BE_DGI5 BE_d1g@ BE_4871 i
B7_6356 . 8,930 8,994 8.958 8,994 @.,902 @.,988 2,984 8.99 ‘ ‘ i
E7_6635 . . @.996 @.96 @.993 @905 @.9568 2.992 2,093 o ¥
- i
E7_2283 . . . 8,958 a,997 @,998 @,003 2,994 2,008 DL L L 3
B7_1535 . . . . #.,062 8,073 .973 8,073 2,073 I T I I 1
E7_1415 . . . . . @005 @, 08 2,00 8,002 0.9 0.98 100 T T 1311051
BS_0E28 . . . . . . @,004 2,094 2,008 o
B&_0825 . . . . . . . 2,088 2,093 c8B8388G68
B6_4188 . . . . . . . . 8,994 Corr
B6_4871 . . . . . . . . .
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PEAK
FOREST

https://peakforest.org/ '(';%% METABO

LC-MS Il NIMR

B7 6635 3 ( 7.6635) From the cluster
B7 2263 C3 7.2263| file, copy-paste the NMR:{'pH'=6."d"=0.02,"mm'="one" "pl'=[7.5955.7.6635.7.2263 7. | Peak Matching n
B7 1585 (3 7.1585 Corresponding PPM
87 1415 3 | 71415 Vvaluesto C3 cluster adaiers
Peak Matching -NMR 35_9820 3 6.982 #= Name = Score = Preview
B6_ 9625 C3 6.3625 PFs000478  Chicoric acid, 6.0; Proton-1D (ZG) -500MHzZ; 0.4728 | sl al
oH | 6 B6_4400 C3 6.44
— 36—4{]?1 = \ﬂl/ PFs000577 chiorogenic acid; 6.0; Proton-1D (ZG) -500MHz 0.3189 ] '::._; ; ul
eaK lis
6.9625 = .
6.44 PFs000564 Shikimic acid; 6.0; Proton-1D (ZG) -500MHz 0.0751 i ] o i“ sk
6.4071 - Lo
4 i
Matching method: © All peaks ® At least one peak el e P ] 5 .

'H tolerance (ppm) = 0.02

powered by NMR PeakhMatching 1.0 -@ INRA UMR 1332 - MetaboHUB

Close Q Search
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a¥c
,'5:‘.' METABO

chlorogenic acid; 6.0; proton-500MHz;

T.18 £.35
6.3
7.61
Options.
s o Labels
I 1
7.800 7.600 7.400 7.200 7.000 6.800 6.600 6,400 6.200
ppm

https://peakforest.org/PFs000478
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S
4,1228

B4 1228 €22 %
o)
B4 1037 22 | 4.1097 _ &o% METABO
BA 0423 (C22 | 4.0423 Ll | C-MS | NMR Matl‘.:hll“lg method: - All DEEKS .(:)".
B4_0185 (€22 40185
B4 0023 C22 | 4.0023 NMR:{"pH"=6 "d"=0.02 "mm"="all" "pl'=[4.1228.4.1097.4.0423 40 | Peak Malching ﬂ
B3 8962 22 | 3.8962
B3_8828 (22 | 3.8828 —
B3 8696 C22 | 3.8696 | o C°
B3_8444 C22 | 3.8444 #¥ Name = Score ¥ Preview
B3_8391 (C22 3.8391
B3 8079 22 | 3.3079 _—
B3 7965 €22 | 3.7965 || prsnnpaat D-Fructose; 6.0; Proton-1D (ZG) -500MHz 09362 1L Ll
B3 7894 C22 | 3.7894 L d 1 AR
B3 7274 (22 | 3.7272 B
B3_7072 (C22 3.7072
B3 6596 22 | 3.6596 s
B3_6148 (C22 | 3.6143 PFs000576 D-Fructose; 6.0, Proton-1D (ZG) -500MHzZ 0.9361 ; \ . Wil
B3 5925 22 | 3.5925 4.|.JLI|I il T &
B3_5730 (C22 3.578
B3_5660 (C22 3.5669
B3 5551 22 | 3.5551
‘ i
Te+06 | jgg
22 20 buckets: {3.55-4.12} | i
- L |
g | 3e+06 A 1 wl . ‘ \
| l‘ ‘ | i‘ ‘| [ |‘ | |
- | 2e+06 ": 1 5 ! ' | \ ‘|‘:.‘| ! / ;\ | | i
3 p— ‘Q‘ “\ ’ \\\\ W . A ,‘ 1f'a| P"l i .|
z : A VAl AW VIV T4: 204, 1
2 : ;
e
D-Fructose; 6.0; proton-500MHz;
o | https://peakforest.org/PFs000661
e - T | \HIIII 1l HIIIII Il IHIIHII}HH ‘M\ M
0.92 0.94 0.96 0.98 1.00
4,100 4, 000 2.900 3.800 2.700 3.600

Carr



30

20

10

Cc35
I'J_LLl'_I.IJ_LLLLiLILLLI.LLL'LLLI.lI.LI.Ll.LI.lI.LLIJ.l'.I_I.I.IJ_L|
094 096 098 1.00

Corr

B2 8387 C35 | 2.8387 *%0
B2 8298 (35 |2.8298 ee9 METABO
B2 2041 c3s | 2.s041 Ll LC-MS | hhl NMR . i Os%
_ - Matching method: @ At least one peak
B2 7943 €35 | 2.7943
B2 7575 |C35 | 2.7573 NMR:{"pH"=6,"d"=0.02."mm"="0ne" "pI"=[2. 8367 2.8298,2.8041,2. = Peak Matching n LT
B2 4793 C35 | 2.4793
B2 4623 (35 | 2.4623 s i
B2 3449 35 | 2.3449
B2 3409 €35 | 2.3409 #s Name ¥ Seome ool
B2 1563 C35 | 2.1563
B2 1466 C35 | 2.1466
B2 1418 35 |2.1418 PFs000578  Glutamic acid; 6.0; Proton-1D (ZG) -500MHzZ; 0.6134 | . ¥ Lol
B2 1325 (35 2.1325 !"
B2 1257 €35 | 2.1257
B2 1185 €35 | 2.1185 4
B2_1103 C35 | 2.1109 PFs000664  L-Glutamine; 6.0; Proton-1D (ZG) -500MHz 0.478 | . ihl
B2 0997 C35 | 2.0997 ol =t
B2 0846 C35 | 2.0846
B2 0699 C35 | 2.0699 —
B2 0525 C35 | 2.0525 PFsD00579  DL-Proline; 6.0; Proton-1D (ZG) -500MHz 0.4321 Ll " A1}
B2 0411 C35 | 2.0411 <-|-JL||| L
—

\
o \

800000 ‘ ‘

600000 | |

. | i
200000 (i\ JJ‘,} A B l ; i : -~ ‘ !
) : ,)’ & e [ A i-_:;‘.".;jv“-!’?l

25

Glutamic acid; 6.0; proton-500MHz;

https://peakforest.org/PFs000578
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To summarize ...

PC1 T
c2
Ij]
[ a
c43
cz2
( @l
C44
c5
c4
c4
c1e
c1e
c13
c13
c22
c22
ci7
ciz
cia
65
ci7
r T T T T T 1
008 004 D02 000 002 004 008 B7_6635
B87_2263
B7_1585
B87_1415
86_9820
B6_9625
Peak Matching - NMR 86_4400
B6_4071 -
Lbl LC-MS bl NMR 78
pH 8 Ogtiors.
NMR.{"pH"=6,"d"=0.02,"mm"="one" "pI"=[7.6956.7.6635,7.2263.7. e +Labsls
Peak list
e add fiiters
E'iiza #3 Name 3 Preview j k J
o7 PFs000478  Chicoric acid; 6.0; Proton-1D (ZG) -500MHzZ 04738 7.500 7.400 7‘290\- 7.000 6.800 6.600 6.400 6.200
ppm
Matching method: ( Allpeaks @ At least one peak PFs000577  chiorogenic acid; 6.0; Proton-1D (ZG) -500MHZ, 0.3189 \
'H tolerance (ppm) | 0.02 Ere
PFs000564  Shikimic acid; 6.0; Proton-1D (ZG) -500MHZ. 0.0751 AL
powered by NMR PeakMatching 1.0-@ INRA UMR 1332 - MetaboHUB E ’"
PFs000610  L-Tryptophan; 6.0; Proton-1D (ZG) -500MHZ 0.0648 o ad

Manual Peak Mafching
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Towards
Automatic Peak
Matching
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Automatic Peak Matching

e Peak Matching

#-- Dataset --
# Samples( 54 ): FB 1 1 ... S45_3_2

# Variables{ 191 ): X0_932 ... X9_126 T PR T R e— Clustering

# Factorl: tissue - 2 levels: fruit seed

# Factor2: developmental_stage - 5 levels: FF_01 FF_02 FF_03 FF_04 FR_04 ““F“"l‘“’“lmm" I(WW“WWSW - Scores=0.6887 - Meen Corr=0.947 Distance Method: euclidean

- Agglomeraticn Method: average

:|3.423, 3.432, 3.444, 3.461, 3.483, 3.754, 4.633, 5.243, 5.272 Cutting Tree threshold: 0.44
ave - oorenPict - BV FC1 + 40428540

ANOVA-PCA

nzuruou(a)l Glucose I(!mnaumzucouzsﬂ - Scores=0.7518 - Mean Corr=0.86

Ic:v(a;:le.ssz, 8.855, 9.126

Peak Matching

Hierarchical Cluster Analysis (HCA)

s c1(4): 4.932, 0.993, 1.082, 1.06

mmssnu:vml Vali; |(mson&aslcns§36) - Scores=0.5103 - Mean Corr=0.897

NB CMPD in DBREE: EH
i_______________.. o Total Cluster: 37
1 Nb Cluster with Size>= 2 : 37
1 - L Clustered variables: 1s1 /7 191
: e ma DBREF0020(5) I Ehgny)unmnglmmnﬂnmssmuznn) - Scores=0.7539 - Mean Corr=0.312 Nb Cluster with matching: 3&
I s Chem. Shift Tol.: 0.02
1 I—I Limit Result size: 3
. C13(5):2.152, 2.444, 2.455, 2.471, 2.486
1 .
: DBREF0047 (5) :Islur.an_\ne I{H‘MDEDCGil[CQOSO:R} - Scores=0.7508 - Mean Corr=0.93¢
I i
1
1
1

Apply a “cut-tree”

1
i c1028) | 1,675, .56, 1.91, 1.926, 2.263, 2.311, 2.527, 5, 3.018, .03, 4.255,
\ | o, 4,261, 5.9%5, 6.403, 6.441, 6.526, 6.961, 6.086, 7.152, 7.225, 7.656,
g 7.689, 7.964
1
1 = DBREF0013 (10) HMDB00112|C00334) - Scores=0.3806 - Mean Corr=0.948
NB Clusters R 1 o e A+ LSO Landings Pt FVPCH b
" NB Variables : 2 i 1 DBREF0080 (6) :l Crlorogenic acid |ummama|cunssz> - Scores=0.2234 - Mean Corr=0.309
A within a 1 1
1 i 1 e |
(I cluster I : : 1 31(5) | 4.06, 4.216, 4.232, 5.416, 5.424
1
: : I DBP.EF0015(5):|S\:C!G;= |(HMD500255|C00089) - Scores=0.7737 - Mean Corr=0.91
: i 1 1 — 1
Size of the e T : e
biggest &
‘ 88 1 : marooen 1| acropents scsa aoevsicercocesss - sovcesmi-eias - hewn covect o0
. Clusters : H
= s
| 1 - ] — A c11(3):[2.072, 2.087, 6.14
— 1 1 |
o 1 p V " nsnssmmm{ Proline Immaomsuc:sqss) - Scores=0.3771 - Mean Corr=0.984
[ < | 1° Ve
. 1 - o, .
1 : From: poses, 2389, 2413, 4.252, 4.301, 4.312, 435

Cutz‘Height

oaRF0017 (6 [madic acia [ummao0rasiconmas) - scares=o.sess - wean coremo.50

ol 84
- e > o s
e S52 METAG

=)
- May 20 25 Jieciencine Jmsossra ciesan - scorea-o.7ccs - Homn Coreno.e76 https://peakforest.org/

o e e e o e

i

INRA

SCIENCE & IMPACT 1/cluster <> 1 peak list
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