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Extraction Protocol T
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[ 3 ml 60:40 water/acetonitrile 1%
acetic acid 0.1 mg/ml morin
(internal standard)

100 mg freeze dried (FD)

- powder

Shaken for 60 minutes at 30 °C

Morin: Internal Standard



Experimental design

® Cultivars

® Countries

® Years 2011, 2012

® Organic/Conventional

® Randomised block design

Countries Variety

Norway NO Autumn Treasure AT

Germany DE Glen Ample GA

Sweden SE Karaka Black KB

UK UK Erika Er
Fall Gold FG
Sugana Sug
Glen Doll GD
Cascade Delight CD
Cowichane Cow
Malling Hestia MH
Glen Magna GM
Tulameen Tul
Polka Pol

Glen Rosa GR

Treatment

Conventional Conv

Organic

Org
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Experimental desigh ..

LC Parameters "11 = Ei
Mobile Phase: A: H20 0._1% Formic Acid -

B: Acetonitrile P—
Flow: 0.3mls/min
Column: 2.1mm x 100mm, Eclipse Plus C18 1.8um =
Injection: 0.5ul _
Temp: 30°C =
Gradient: time %B 5

0.0

4.0

32.0 100

34.0 100

MS parameters:

ESI Positive:

Scan Range:

Scan Rate: MS
Reference ions POS:
Reference ions NEG:

Source parameters :

Drying Gas Temp:
Drying Gas Flow:

Nebuliser:
VCcap:

Fragmentor:

1Hz

121.05087 m/z, 922.009798 m/z

112.9856 m/z, 980.0164 m/z

325°C
10l/min
50p.s.i.
3500V
175V

100-2000 m/z {

‘\—-

T~
| .

The James

Hutton
Institute

|

m|||||l|II|IIIIIIIII||Imnu




Investigational Workflow — Feature Finding

‘

il
Molecular Feature Extraction II'
. . The James
*  Works on the 3-dimensional data set Hutton
« Remove noise Institute

* Group covariant mass signals

« Combine signals with chemical relations (isotopes, adduct ion clusters,
multiply charged ions, dimers) into molecular features (= compounds)
— Include any adducts, such as Na+ or K+

Include isotopes ([M+H]+, [M+H+1]+,...

Include different charge states
— Check for dimers

» Create extracted compound chromatograms and compound spectra
» Create Datafile for export (*.cef)

I

2=t QEw w00 -[FLAFEELS
e

" o LN S———.

2oz QWY @O - [F]dA 0 F%% N -
a0s -

I

T E i o
T T T T T T T T T T T T T T T T 1 Eounds va. Asquishion Tane il
12 3 ¢ £ 8 T 3 8 1M 2 3 Mo 15 M8 17

Retention Time {min}




Results: MFE of Complex Sample (Urine)

Normal Urine — >2200 Compounds found
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Results: MFE of Autumn Treasure

104 Cpd 867 33.383: +E5| ECC Scan Frag=175.0v ATUKrBCF2011ConvEXPTOFpos(84 d
897 Compounds found ey
a4 |
3754
%108 |+ESI TIC Scan Frag=175.0v ATUKISCF2011ConvEXPTOR 4 |
64112 3254 b
5- 34
2754
4 2.5
3 2251
2- 24
1 1.754 1
T i il A
£ TS A N
ﬂ 125- |'l l . I ¥ i
2 4 & 0 12 16 1 e Al
Counts| 0751 | Ll Y |
0.5 -f"-' "
0.254 )
%108 Cpd 867: 33.393: +ES| ECC Scan Frag=175.0V ATUKrACH 172 174 176 178 123 182 184 186 188 19 132 154 196 198
Counts vs. Acquisition Time (min)
5_
44
3_
2_
"LL
E" JII"II'\ |'~L & _ .-Ill'n_
34 5 6 7 8 9 10 11 12 13 14 15 16 1718—4920 21 22 23 24 25 26 27 28 29 30 31 32 13

Counts vs. Acguisition Time (min)



Sample Summary

', MS Experiment Creation Wizard (Step 9 of 11)

Sample Summary
A right-diick mouse action on the graph or the spreadsheet will offer additional display and export options.

[] Export For Recursion
Total number of Aligned Compounds = 3271

Mass Vs RT | Compound Frequency

Mass

T
Wy ! =y
- M H

RT (minutes)

Sample Name Compounds Present Compounds Absent
TrraspTul UKr3CF2011. . 424 2847 &
ATUKFSCF2011ConvEXP. . 857 2404
TnraspTulUkr4CF2012... 339 2932 _
ATUKr2CF2012CanvEXP. .. 665 2606| 7
TnraspGFUKr1ICF2012C. . 562 2709( |
ThraspGF UKr1CF2011. .. &40 2631
TnraspCALKISCF2011C. . 571 2700
ATUKr4CF2011ConvEXF... 783 2488
ATUKr4CF2011CanvEXP. . 706 2565
TnraspGFUKr2CF2012C. . G638 2633
ThraspGAUKISCF2012C. . ads 2666
TnraspGF UKr3CF2011. . 653 2618
TnraspCAJKr3CF2011C. .. 435 2836
TrhraspGF UKrSCF2011. . 728 2543
TnraspCAlkr4CF2012C. . 647 2624 i
ThrasnGALKrACE2 0110 cA1 2710

<< Back ][ Next =3

Finish Cancel

A total of 3271 entities were
found across the UK samples
set of four different varieties
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Flag Filter — remove ‘one hit wonders i
The James

A total of 3271 entities was reduced to 2574 upon removing one-hit wonders. The profile plot here Hutton
shows entities for each harvest year across four varieties of raspberry. Institute

Displaying 2574 out of 3271 entities where atleast 2 out of 54 samples have flags in [P, M].

Mormalized Intensity Yalues
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Frequency Filter — Entity is present in 100% of samples in one condition =
The number of entities was further reduced by demanding that any entity is present in all samples within one condition. llll'
The profile plot here shows entities for each harvest year across four varieties of raspberry. The James

Hutton
Displaying 949 of 2574 entities where at least 100.0 percent of samples in any 1 out of 8 conditions has flag P titute
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PCA Analysis showing variability across raspberry varieties

PCA analysis indicates that there is more difference in surviving entities between varieties than there is between years.

Therefore, within the UK, harvest year is not significant for these compounds.

X-Axis

:';Inmponent 1(45,39%) i v:

Xfis

Y-Axis

Y-Axis | Component 2 (15.23%)

T
T~ Z-Axis

Color by VARIETY
B AT

B GA
m GF
m Tul
Shape by YEAR
@ 2011

A 2012
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’\—-

T —
| [TT

The James

Hutton
Institute




Significance Analysis — 2-way ANOVA (p <0.05)

This Venn Diagram supports the PCA in that differences between the samples
variety and not the year of harvest.

p (Corr) (YEAR)
194 entities

were due to the raspberry

p (Corr) (YEAR-VARIETY)
248 entities

p (Corr) (VARIETY)
938 entities
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Hierarchical Clustering iITii
In this heat-map each line represents an entitiy whuile the colour indicates abundance of that compound. This The James
dendrogram indicates similarities between AT and GA and GF and Tul while highlighting that AT anf GF are Hutton

more different from GF and Tul than each pair is from each other. Institute
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-logldicorrectedPvalue)

Volcano Plot

Within the more similar pairs a volcano plot can be used to show those entities (red) which vary by a specified
fold-change (5 x here) and a specified statistical significance (p<0.001 here). Therefore the red compounds are

5x more or less abundant in one variety vs the other with a significant of p<0.001.

Volcano Plot AT vs GA
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Venn Diagram — Comparison of entities from Volcano plot (t-test)
of two pairs of varieties.

The entities identified from the volcano plots of t-testing of two pairs of varieties are exmanied using a Venn
Diagram. This indicates that the same 104 compounds are 5x different in each pair of varieties. 36 compounds
are 5x different only in the GF and Tul varieties.

Entity List 1 : T Test unpaired
[AT] Vs [GA] P <= 0.001 FC [GF] Vs [Tul] P <= 0.001 FC
==5.0 >=5.0

308 entities 140 entities

Entity List 2 : T Test unpaired
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Profile Plot of Entities —

n
The 36 entities are shown here on a profile plot across all four investigated varieties. . I'
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Identification

The entity list can be searched against a database (METLIN) and also used for formula generation

—
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The James
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4 Cpd h'd Name K Notes hd Diff (DB, ppm) g Hits (DB) T LMP hd Formulz 7 Score hd Mass hd RT - Mass (DB) 7 Mass (MFG)
1 Vitextin 27-p-hydroxybenzoate -313 3 LMPK12110225 C28Hz24012 60.91 5521285 2675 552.1268
25 Luteolin 7-galacteside-4-glucoside 104 5 LMPK12110670 C27H30016 98.92 610.1528 15.564 6101534
28 Iridedial glucoside tetraacetate 176 2 C24HMON 7561 49820592 16.793 4582101
- 17 Indole Group A 07/27/04 -3.07 3 CBHTHN 8245 117.0582 12.165 117.0578
- 36 His His Arg -1.31 3 CI2H28 N10 04 8455 4432301 25.195 4482295
T Glucosylgalactosy! hydroxylysine 064 2 CI8H34NZO13 B6.09 436.2058 18492 4362061
2 Dispersc Blue | 226 2 S R 3
- 14 Deethylatrazine 165 1 CEHIDCING 68.39 187.0622 12.183 187.0625
B i) T oo Tl ) TZ0nC N U7 TE 25 T2 173 e 152 T25 1175
- a3 Asiatic acid 147 5 C30H48 05 97.12 4883495 28203 488.3502
- 32 Argiotoxin 655 -0.42 3 C31 H53 N11 05 68.59 6554234 25291 6554231
- 27 &-Chloropurine riboside 059 1 CI0H1T CI N4 65.32 286.0466 16.17 286.0463
29 4-Hydroxybenzaldehyde 022 5 CTHE02 27.34 122.0368 16.987 122.0368
2 2-Hydrexy-7,8-dehydrograndiflorone 481 5 LMPK12120415 C19H2005 8567 3281295 14.063 3281311
13 1-Benzylimidazole 12.86 3 CI10H1O N2 58.52 158.0824 12.183 158.0844
ﬁlel:l List
{ Cpd ' Label g Formula ki Score W Diff (MFG, ppm ¥ Mass kg RT i Mass (MFG) Diff(MFG. mDa)
=g Cpd 21: C11 HE N& O4; 19.700 C11 HE N& 04
= 24 Cpd 24 C13H20 N2011;15.018 C13H20N2011 9245 12 380.1063 15.018 380.1067 046
[ 1 Cpd 11: CRH1O0NEO; 12179 CIHIONED 99.06 1.0 2040883 12179 2040885 o
[ 2 Cpd & C24 H3TNO7 5, 3.035 C24HITNOTS 90.19 09 4832286 3035 4832291 D44
- 20 Cpd 20: C32 H40 N O15; 14.068 C32H40 M O15 9276 0 678.2393 14.068 £78.2338 042
- 30 Cpd 30: C12H4 N3 07, 19.713 C12H4 N2 OT7 8498 057 302.0048 19713 302.0049 017
- 10 Cpd 10: C14 H13 NV O7, 821 C14H13INT O7 9397 055 351.0874 8 351.0876 022
- 9 Cpd 9: C20 H25 N4 O4; 3.01% C20H29 N4 D4 23g4 0.45 3es.2187 3.019 385.2185 018
= 2 Cpd 2: C3IH11 N5 04; 2.816 C3IHIT NS D4 87 -0.28 181.0812 2816 181.0811 -0.05
- 18 Cpd 18: C7 H5 N4; 12.167 C7 HE N4 95.86 -0.55 145.0515 12.167 145.0514 -0.08
- 35 Cpd 35: C11 H1E N3; 21.017 C11H1E N3 8477 -2.49 150.1348 21.017 150.1344 -0.47




Identification — Deethylatrazine ??

Database proposal of Deethylatrazine for compound 14 is not supported by the MS isotope pattern.

i2 e 118 F[n]

x103

54
475
454
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4]
3.75
354
3.25
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2]
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1
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Cpd 14: Deethylatrazine; C6 H10 CI N5; 12.183: + MFE Spectrum (12.183 min)

188.0652
(M=+H)+

B

Spectrum Results

i

189.0723
(M+H)+
150.0f48 191.0782
m (M+Hi= (M+H)+
O

188 1882 1884 1886 1838 189 1852 1854 1896 183.8 130 1902 1904 1906 1308 191 1912

Counts vs. Mass-to-Charge (m/z)
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Identification — Formula Generation

Formula generation proposes a formula of COH7N40 which has a much larger score and better isotope pattern fit.

‘2 o 319 @[]
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5
4754
454
4.254
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354
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0.254
0

188.0652
(M+H)=+

Cpd 14: C3 H7 N4 O: 12.183: + MFE Spectrum (12.183 min)

189.0723
[M+H)=+

I
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==
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Counts vs. Mass-to-Charge (miz)
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Cpd 14: COH7 N4 0; 12183

1]

CBH?N4D|

49.?5|

-019|

187.062

13?.052\

-0.04

Wame T

Formula 7
CIHTN4 0

4975

Mass T
187.062

Mass (DE) ¥ Mass (MFG) ¥

187.062

Diff (ppm) A
-0.19

Diff (abs. ppm)

T
019

Diff (mDa)

004

i

RT

12183

IDSource 7 Score(DB) ¥ Score(MFG) 7 DBE

MFG

9951

85

C9H15S2

4052

187.0621

187.0615

-3.05

305

057

12183

MFG

81.05

a3

Deethylatrazine

CEH10 CI NG

342

187.0622

187.0625

165

165

031

12183

DBSearch

6833




Country and Variety PCA

Four varieties across five countries were examined for variation.

Legend - 3D PCA Scores

Color by Country
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Country and Variety PCA —

Four varieties across five countries were examined for variation. This indicates that there is more variation between IIII'
varieties than there is between countries. The fames
Hutton
Institute

Y-Axis
Legend - 30 PCA Scores
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Does Organic Cultivation Make A Difference ?? =
A single variety (AT) was grown under organic and conventional cultivation conditions. IIII'
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Result Summary
P al P < 0.05 P <0.02 P <0.01 P < 0.0050 P < 0.0010
FC all 151 0 0 0 0 0
FC> 1.1 81 0 0 0 0 0
FC > 1.5 50 0 0 0 0 0
FC = 2.0 50 0 0 0 0 0
FC > 3.0 21 0 0 0 0 0
Expected by chance ] i} 0 0 ]




Summary

* LC/MS using retention time and accurate mass allows non-targeted investigation of multiple
compounds

* Differences in different raspberry varieties grown in UK could be visualised using MPP
* The year of growth did not appear to be significant

* More details statistical processing provides smaller numbers of significantly differentiating m
features

* These features can be putatively identified using databases and formula generation

* \Variation between raspberry varieties appears greater than the variation in the country of
growth.

* Organic cultivation made no difference to the entities found in ESI Positive RPLC/MS.
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