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Chemometric Workflow: 
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Extraction Protocol 

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 Treatment 

Norway NO Autumn Treasure AT Conventional Conv 

Germany DE Glen Ample GA Organic Org 

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 



Experimental design 
LC Parameters 

Mobile Phase: A:  H2O 0.1% Formic Acid 

  B:  Acetonitrile 

Flow:   0.3mls/min 

Column: 2.1mm x 100mm, Eclipse Plus C18 1.8um 

Injection: 0.5ul 

Temp:  30 °C 

Gradient: time %B 
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     32.0   100 

  34.0   100 

  

 

MS parameters: 

 

ESI Positive:    

Scan Range:  100-2000 m/z 

Scan Rate: MS 1 Hz 

Reference ions POS: 121.05087 m/z, 922.009798 m/z 

Reference ions NEG: 112.9856 m/z, 980.0164 m/z 

Source parameters : 

 

Drying Gas Temp:  325°C 

Drying Gas Flow:  10l/min 

Nebuliser:  50p.s.i. 

VCcap:   3500V 

Fragmentor:   175V 



Investigational Workflow – Feature Finding  

Molecular Feature Extraction 

• Works on the 3-dimensional data set 

• Remove noise 

• 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) 

 

 



Results: MFE of Complex Sample (Urine) 

Normal Urine – >2200 Compounds found 

Raw Data Extracted Data 



Results: MFE of Autumn Treasure 

897 Compounds found 



Sample Summary 

A total of 3271 entities were 
found across the UK samples 
set of four different varieties 

 



Flag Filter – remove ‘one hit wonders’ 
A total of 3271 entities was reduced to 2574 upon removing one-hit wonders. The profile plot here 
shows entities for each harvest year across four varieties of raspberry. 



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. 
The profile plot here shows entities for each harvest year across four varieties of raspberry. 



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.  



Significance Analysis – 2-way ANOVA (p <0.05) 
This Venn Diagram supports the PCA in that differences between the samples were due to the raspberry 
variety and not the year of harvest.  



Hierarchical Clustering  

In this heat-map each line represents an entitiy whuile the colour indicates abundance of that compound. This 
dendrogram indicates similarities between AT and GA and GF and Tul while highlighting that AT anf GF are 
more different from GF and Tul than each pair is from each other. 



Volcano Plot 

Volcano Plot GF vs Tul Volcano Plot AT vs GA 

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. 



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. 



Profile Plot of Entities  

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



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



Identification – Deethylatrazine ?? 

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



Identification – Formula Generation  

Formula generation proposes a formula of C9H7N4O which has a much larger score and better isotope pattern fit. 



Country and Variety PCA 

Four varieties across five countries were examined for variation. 



Country and Variety PCA 
Four varieties across five countries were examined for variation. This indicates that there is more variation between 
varieties than there is between countries. 



Does Organic Cultivation Make A Difference ?? 
A single variety (AT) was grown under organic and conventional cultivation conditions. 



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.  

 


