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What makes it happen What is happening
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What is Metabolomics about?

This is the analytical approach of a large-scale,

non-targeted and high-throughput determination 

of metabolites in a biological system

The real challenge of metabolomics is to comprehensively

cover the analysis of many compounds having

many different chemical structures

“Think metabolism... 

If I were doing a PhD [in 

cancer research],  I'd be 

doing it in metabolomics”.
Prof. James Watson, Nobel Laureate

Co-discoverer of the structure of DNA



The “Other” Metabolomes
(courtesy of Prof. David Wishart)
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Courtesy Prof David Wishart
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metabolites per cell ~ 1,000 to 6,000 

All low molecular weight metabolites

(<1500 Daltons) 

Includes, but not limited to:
Sugars, sugar phosphates

Organic acids

Amino acids,

Fatty acids

Nucleosides

Lipids (i.e. sterols, phospholipids)

Small peptides

Other secondary metabolites  

Drugs, insecticides, other xenobiotics

Total number of metabolites > 500,000

What types of metabolites 

can be analysed?



Comprehensive workflow

shock freeze homogenizationtissue harvest extraction procedure

derivatisation

data analysisdata interpretation
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Integrated Biology workflow

shock freeze homogenizationtissue harvest extraction procedure

G Lotus, J., WT, Greenhouse, flowers (R7A ), 23mg, 1/10 Acquired on 31-Jan-2002 at 06:55:04G
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Example: LC-MS approach

Sample

Polar extract (e.g. MeOH)

Apolar

compounds

Polar

compounds

C18RP HILIC (ANP)

+/- ESI QTOF +/- ESI QTOF

Lipid extract (e.g. chloroform)

Lipid

profile

Lipid species

quantifictaion 

LC-QTOF MRM using QQQ



~ 2700 compounds

Tandem LC-QqTOF-MS

hydrophobic hydrophillic



Targeted vs Untargeted

Absolute quantification

Pool sizes

You know what you measure

Not comprehensive

More accurately

Better sensitivity

Easier to interpret

Pathway mapping

Semi-quantitative

X-fold comparison

Biomarker discovery

More comprehensive

Loads of unknowns

Multivariant analyses

“detect the expected” “detect the unexpected”



Quantitative metabolomics

36 amino acids and 30 amines 47 sugars and sugar alcohols

36 fatty acids 22 organic acids

Boughton et al. 2011 Dias et al. 2015



Identifying novel salinity tolerance

mechanisms by spatial analysis

of lipids in barley roots



Abiotic stress affects agricultural 

productivity in Australia

Australian wheat belt significantly affected by salinity

In danger: Australian wheat exports worth ~ $4 billion p.a.

Rengasamy (2002) Aust. J. Exp. Agric. 42: 351-361



Effect of salt stress on plants

Roy et al, 2012



Effect of salt stress on roots
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Control                              Salt



Project AIM: Understand early

tissue-specific salt responses



Study Design

Barley Cultivars: Clipper and Sahara

Growth and Treatment on Agar Plates 

Root Tissue Harvest
(3 Zones: Root Cap, Elongation and Maturation Zone)

Cell Wall 
Polysaccharide Analysis

Targeted 
Metabolite Profiling

RNA-Seq Analysis

Data Analysis and Statistics

Data Integration and Biological Interpretation

1. Cell Wall 
Polysaccharide Analysis

2. Targeted 
Metabolite Profiling

3. RNA-Seq Analysis



Significant differences (Sug, OA, AA) 

between cultivars

CONTROL SALT

CDZ EZ MZ CDZ EZ MZ

Clip Sah Clip Sah Clip Sah Clip Sah Clip Sah Clip Sah



Significant changes (Sug, OA, AA) 

following treatment

CLIPPER SAHARA

CDZ
CONTROL vs SALT

EZ
CONTROL vs SALT

MZ
CONTROL vs SALT

CDZ
CONTROL vs SALT

EZ
CONTROL vs SALT

MZ
CONTROL vs SALT



Significant differences (Sug, OA, AA) 

between zones
CLIPPER SAHARA

CONTROL

CDZ vs EZ

SALT

CDZ vs EZ

CONTROL

CDZ vs MZ

SALT

CDZ vs MZ

CONTROL

CDZ vs EZ

SALT

CDZ vs EZ

CONTROL

CDZ vs MZ

SALT

CDZ vs MZ



Tissue-specific lipid analysis



Next-Generation RNA Sequencing

A clear per-zone (horizontal 

axis) response is observed in 

this Pearson’s correlation plot 

illustrating cell differentiation 

along the root zone.

Z1 Z2 Z3

Z1

Z2

Z3

Hill, C. B., et al. (2016). Sci Rep 6: 31558.



Hill, C. B., et al. (2016). Sci Rep 6: 31558.

◦Root zones are highly 
specialized in their biological 
function 

◦Transcriptional differences are 
much larger between zones 
than between treatments.

◦Biochemical processes are 
controlled in a root-zone 
specific manner

Transcriptomics analysis 
(short-term salt stress)



Significant metabolites - Clipper



Significant metabolites - Sahara



Salt signalling



Proposed lipid based signalling

Munnik and Vermeer 2010



Total lipid analysis in 

salt treated roots

Natera et al, 2016, Funct Plant Biol



Gradient Category and Source Polarity

Gradient 1/Neg Gradient 2/Pos Gradient 3/Pos Gradient 4/Pos
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DGDG

MGDG
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LysoGlycerolipid

PA

Ceramide

HexCer

DAG

ASG

SG

GIPC

OHC

TAG

SE

40

40

18
15

15
12

34

32

33

13
13
6314887

36
3715

27
22

5
21

45

60

150

Number of lipid species identified
PC PE

PG PI

PS PA

MGDG DGDG

SQDG LysoPC

LysoPE LysoPG

LysoPI LysoPS

LysoPA LysoMGDG

LysoDGDG LysoSQDG

DAG TAG

Cardiolipin ASG

SE SG

Cer HexCer

OligoHexCer GIPC

Yu et al 2018

The barley root lipidome



Where to next?

shock freeze homogenizationtissue harvest extraction

G Lotus, J., WT, Greenhouse, flowers (R7A ), 23mg, 1/10 Acquired on 31-Jan-2002 at 06:55:04G
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Transcriptomics Metabolomics Lipidomics Cell wall

Eluant Flow

Boughton
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MALDI-IMS of barley roots



+ 150mM

NaCl
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Tentative Annotations via MSI

◦ 230 spatially 
distributed ions across 
different barley 
cultivars (Gairdner 
and Hindmarsh)

◦ Annotated using 
SimLipid and Metlin (5 
ppm), and curated for 
multiple adducts & 
isobars



Results
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Results
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Results

Gairdner
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GPC -

[M+H]+

GPC -

[M+K]+

GPC -

[M+Na]+
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◦ GPC is a degradation 
product of 
phosphatidylcholine, 
resulting from the 
removal of fatty acids 
by the activity of 
phospholipase A1, 
phospholipase A2 and 
lysophospholipase
(Sahsah et al., 1998). 

◦ The presence of GPC is 
generally interpreted as 
a stress-induced 
membrane turnover or 
degradation (Aubert et 
al., 1996). 



Spatial Bulk Analysis – LC-MS

Cell Division Zone

Elongation Zone

Maturation Zone

Maturation Zone Elongation 

Zone

Cell Division 

Zone



Gairdner

230 Curated Features

145 Tentative ID’s SimLipid

48 Tentative ID’s Metlin

Metabolites and FA’s are discriminatory 

71 Discriminatory

Salt vs Ctrl

Discriminatory Features Associated 

with Zones 2 and 3

Zone 1

Zone 2

Zone 3 Hindmarsh

277 Curated Features

166 Tentative ID’s SimLipid

65 Tentative ID’s Metlin

51 Discriminatory

Salt vs Ctrl

3 Discriminatory

Ctrl vs Salt

22 Discriminatory

Salt vs Ctrl

FA’s and SL are discriminatory

Metabolites and FA’s are discriminatory 

GP’s and SL’s are discriminatory

Summary



Summary

WT
WT

AVP10

AVP10Low saline High saline

• Tissue type-resolved analyses demonstrate 

tissue-specificity of metabolism

• Large differences between genotypes of the 

same species

• Lipids are important players in salinity 

response

• Imaging MS provides new means of tissue-

specific metabolite analysis



Future for spatial analysis
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