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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 | 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



“Other” Metabolomes @

AUSTRALIA
of Prof. David Wishart)
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What types of metabolites c
can be analysed?
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METABOLIC PATHWAYS

All low molecular weight metabolites

Metabolism of e Bicdegradation of
(<1500 Daltons) e e
e &
Includes, but not limited to: — oty
Sugars, sugar phosphates ( 1 5
Organic acids 1} e
Amino acids,
Fatty acids Carbohydrate
Nucleosides 2
Lipids (i.e. sterols, phospholipids) Lipid SEAE Somneentd
Metabolism

Small peptides
Other secondary metabolites
Drugs, insecticides, other xenobiotics
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Biosynthess of
Secondary M etabolites

metabolites per cell ~ 1,000 to 6,000

Total number of metabolites > 500,000
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tissue harvest shock freeze  homogenization extraction procedure
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' Targeted vs Untargeted @

“detect the expected”

Absolute quantification

Pool sizes

You know what you measure
Not comprehensive

More accurately

Better sensitivity

Easier to interpret R, ol
Pathway mapping -
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“detect the unexpected”

Semi-quantitative
X-fold comparison
Biomarker discovery
More comprehensive
Loads of unknowns
Multivariant analyses

Controls
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ldentifying novel salinity tolerance
mechanisms by spatial analysis
of lipids in barley roots
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Abilotic stress affects agrlcultural |
productivity in Australia a0
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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

5). Stomatal closure
and reduction in

shoot growth
A

3). Reduction in
* Root turgor pressure
Cl- . '
__» Root elonga.tl'on
* Root cell division

4). Roots signal -
theshoot <« Na*

CI | Na*
!

2).Water potential around the roots is reduced

!

1). Osmotic stress (salinity)
Roy et al, 2012




Total root length (cm plant )

Osmolarity (mosmoles kg')

600+

4004

2004

Effect of salt stress on roots

82%

I Control
I 100 mM Nacl
I 150 mM NacCl

Clipper Sahara
Il Control
Il 100 mM NacCl
b
Clipper Sahara

Genotypes

Control Salt

CSIRO PUBLISHING

Functional Plant Biology
http://dx.doi.org/10.107 1/FP12290

Genetic variation in the root growth response of barley
genotypes to salinity stress

Megan C. Shelden™*, Ute Roessner®, Robert E. Sharp®, Mark Tester® and Antony Bacic®




/ Project AIM: Understand early
tissue-specific salt responses

mRNA Lipids

EZ

Cell Wall Metabolites
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In collaboration with Plant Cell Wall Centre In collaboration with MA
T. Bacic, M. Doblin, A. Cassin
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1. Cell Wall

Polysaccharide Analysis

2. Targeted 3. RNA-Seq Analysis
Metabolite Profiling

Data Analysis and Statistics

Data Integration and Biological Interpretation

Zone 3: Maturation

Zone 2: Elongation
s

Zone 1: Root apical

meristem and root cap

(cell division)




Mumber of significantly changed metabolites
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Significant differences (Sug, OA, AA)
between cultivars
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Number of significantly changed metabolites

Significant changes (Sug, OA, AA)
following treatment

CLIPPER

SAHARA
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Significant differences (Sug, OA, AA)

between zones
CLIPPER SAHARA

40+
CONTROL CONTROL SALT SALT CONTROL CONTROL SALT SALT
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Comparisons




Percentage

Tissue-specific lipid analysis

Clipper Sahara
Control Control
100 -
75 -
50 -
25 -

0_
FRFZAPEE 71| 22| 2 [RARARER 7| 22| 73 |

| mm

variable

Zone 3: Maturation

Zone 2: Elongation

Zone 1: Root apical
meristem and root cap

(cell division)




Next-Generation RNA Sequencing \

Z1

Z2

|
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Z1 Z2 Z3
I

Z3

S

A clear per-zone (horizontal
axis) response iIs observed in
this Pearson’s correlation plot
llustrating cell differentiation
along the root zone.

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




Transcriptomics analysis @ I
(short-term salt stress)
“ m@%@%ﬂ -

i Cell wall organization

Sugar-mediated signaling pathway

B

Regulation of circadian rhythm
o apansan 800 f = Ciass il
e
1 Peroddase 2

> Root zones are highly
specialized in their biological

function

Clipper

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

Clipper

> Blochemical processes are
controlled in a root-zone JEN

specific manner

Sahara

Mean TMM FPKM

Hill, C. B., et al. (2016). Sci Rep 6: 31558.
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gnificant metabolites - Clipper @mmsommcs

(71 only ) (z1orz2 1 (22 72 only
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Xylitol 179 . Citruline 2.63 e — -TusU Z20rZ3 2 (B)
Glucose +1.78 Homoserine -2.50 DAM_ClipperZ1.TvsU DAM FC FC
Inositol .75 Proline +2.43 Amines  Tyrosine 222 -3.03
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Fucose 172 Glycine 213 Fatty acids MNervonic acid (C24:1) +1.29 -1.54
Fructose 6-P 1.67 Octopamine 2.08 L. (3) Lauric acid {C12:0) -1.25  -1.92
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Turanose -1.61 Aspartic acid -2.00 ~
Xylose 1.56 Ornrthl.:: +118£5 77777777 73 only
Organic  Fumarate -4.00 A DAM FC
acids Oxoglutarate 323 Lipids PC (34:3) +2.78 Sugars STEEEE L
(14) Succinate 313 (9) LPC (18:3) +2.34 } i
Malonate 222 PG (32:0) +2.48 Amines \T"alme h -2.04
Salicylate -2.08 PC(34:1) +2.18 DAM_ClipperZ3.TvsU () ISF:IZ t:’c‘:n:" 'i':;
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Malate 2,00 PC (36:0) 432 Cli pper BE e Sl
Aconitate 1.96 PC (38:5) +2.18 .
Pipecolate +1.92 PG (36:3) -3.45 (treatment- Fatty Erucic acid (C22:1n9) -2.22
Citrate 189 LPC (18:1) +1.87 specific) acids  Heptadecanoic acid (C17:0) -2.13
\_ ) (6) cis-10-pentadecanoic acid (C15:1) -1.79
Stearic acid (C18:0) -1.61
s - Arachidic acid (C20:0) -1.35
Zlorz2orz3 | T Pentadecanoic acid (C15:0) -1.32
DAM FC !
N/A  N/A N/A I ’
. ZNlorZ3 ) (@) 1y ()
DAM FC FC DAM FC FC
) Tyramine 3.23 -2.50 Amines Putrescine -1.96 -A.55
Amines Glutamine 294 -2.00 Leucine -1.82 -3.12
{?l Threonine 370 -2.56
Cysteine 222 -1.82 Fattyacids  Behenic acid (C22) +2.65 +1.27

Methionine _2 00 -3.57 (2) Lignoveric acid (C24:0) +1.77 +1.43




Ignificant metabolites - Sahara

METABOLOMICS

AUSTRALIA

e . N
(71 only Z1orZ2 @) @ )\ (22 only DAM FC DAM FC
DAM FC FC
DAM FC DAM FC . - Sugars Sucrose +4.76 Lipids PI(34:3)  +6.31
Sugars i rhEe +3.63 Amines Glutamine -1.79 Amines TV".’"‘"E -2.44  +2.33 @) PA(46:6)  +6.08
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) !
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Amines Alanine +1.69 +249 4 .
(@) - cE 263 o ZlorZ2or 73 (z) z2) (z3)
Tryptophan -1.56 2.94 DAM FC FC FC
Histidine -1.52 2.78 1 AmineAA  Tyrosine -233 357 -208
3) Methionine -145 -AJ7s  -A76
| beta-alanine  +1.40 +6.56 +2.48
-------- - M
-
f2or73 2 (23
DAM FC FC
Z3 only FattyAcids ~ Nervonic acid (C24:1) -2.50 -1.69
DAM FC DAM FC
N Lo ipi Pl (36:4 _ -
Organicacids  Malate -3.57 Fatty Lignoveric acid (C24:0) +1.39 _ Lipids (36:4) 345 -2.38
acids Elaidic acid (C18:1n9t) +1.40 :
Amines Leucine 213 Behenic acid (C22) +1.59 i
Palmitic acid (C16:0) P - — !
Fatty acids Heptadecanoic acid (C17:0) -1.75 Pentadecanoic acid (C15:0) -1.25 DAM_SaharsZ3.Twsl)
(10) Erucic acid (C22:1n9) -1.64
Myristic acid (C14:0) -1.49 Lipids P1(36:5) -3.03 Sa h ara
cis-10-pentadecanoic acid (C15:1) -1.47 (treatmgfl_lt—
Lauric acid (C12:0) 1.49 specific)
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Salt signalling

/High N2l — .

Salt stress

\

High osmolarity




posed lipid based signalling @) rwsoionc
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Total lipid analysis In
salt treated roots
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The barley root lipidome @) vemaoioms

Gradient Category and Source Polarity

Gradient 1/Neg Gradient 2/Pos  Gradient 3/Pos Gradient 4/Pos
PC Ceramide GIPC TAG
PE HexCer OHC SE
PG DAG
PS ASG
Pl SG
SQDG o . . mPC m PE
DGDG Number of lipid species identified o K
MGDG PS mPA
Cardiolipin m MGDG = DGDG
LysoGlycerolipid SQDG m LysoPC
PA m LysoPE m LysoPG
m LysoPlI m LysoPS
LysoPA m LysoMGDG
LysoDGDG mLysoSQDG
B DAG B TAG
Cardiolipin  ®mASG
mSE mSG
m Cer m HexCer

OligoHexCer mGIPC

Yu et al 2018



Where to next?

tissue harvest shock freeze  homogenization extraction

Transcriptomics  Metabolomics ‘ Lipidomics Cell wall
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MALDI-IMS of barley roots
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Workflow
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Matrix coating
(DHB)

Discriminative
analysis

30 x 30 um
~150-300,000 Res. @ 400 m/z

Metabolite
Annotatio

SimLipid

Lipid
extraction

Peak detection

HPLC-MS



tive Annotations via MSI c METABOLOMICS

: Unknown Fatty Acyls
o 230 spatially 17% 17%

distributed ions across
different barley
cultivars (Gairdner
and Hindmarsh)

Glycerolipids

/ -
Glycerophospholipids
26%

Sphingolipids
13%
o Annotated using
SimLipid and Metlin (5
ppm), and curated for
multiple adducts &
iIsobars

Metabolites
24%



Control

150 mM NacCl

2-hexoses PA 49:6

SQDG 26:1
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Control

150 mM NacCl

PC 36:5

LPS 27:1
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Control

150 mM NaCl

Results

SHexCer t34:1 PI-Cer t34:0 SHexCer t34:1 PI-Cer t34:0
PE 42:11 PE 42:11
4 ., ot =
r 'y %
it i;
Y 3t
. L
2 %
L ;{7
5 . g B
; . @ C
(A -
e ) o)
e O
R
et
e
g
b2
:;’"‘3‘ 8-
c |
o <
p 4 .
=
O
o
‘ o+ o
) 3 > X
Gairdner Hindmarsh




Control

150 mM NacCl

GPC - GPC - GPC -
[M+H]* [M+K]* [M+Na]*
3 3

Gairdner

Control

GPC -
[M+H]"

Results

GPC -

GPC -

[M+Na]*

[M+K]*

150 mM NacCl

Hindmarsh

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).




tial Bulk Analysis — LC-MS @) vensoionc
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‘Summary

Gairdner Hindmarsh

230 Curated Features 277 Curated Features

145 Tentative ID’s SimLipid
48 Tentative ID’s Metlin

166 Tentative ID’s SimLipid
65 Tentative ID’s Metlin

71 Discriminatory
Saltvs Ctrl

51 Discriminatory
Saltvs Ctrl

Metabolites and FA's are discriminatory Metabolites and FA's are discriminatory

3 Discriminatory
Ctrl vs Salt

22 Discriminatory
Saltvs Ctrl

FA’s and SL are discriminatory GP’s and SL’s are discriminatory

200 pm

Discriminatory Features Associated
with Zones 2 and 3




Summ ary @ METABOLOMICS

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
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Future for spatial analysis

Microscopy Imaging MS

150 M NaCl




' Acknowledgements

Roessner Research

Group
o William Ho T
o Daniel Sarabia | ;h
> Dingyi Yu =l
- Sneha Gupta f'\rELL\EsI\c;:JIr?Né
o Martino Schillaci
o Tannaz Zare
o Allene Macabuhay
- Bo Eng Cheong
o Cheka Kehelpannala
> Holly Khoury
-3 Agilent
(<)
BRUKER
Lol

Australian Government National Research @ Bl 0 PLATFORMS

Infrastructure for Australia

Australian Research Council
An Austra lian Government Initiative

@ METABOLOMICS

Collaborators
Camilla Hill (Murdoch U)
Josh Heazlewood (Uni Melb)
Berit Ebert (Uni Melb)
Megan Shelden (Uni Adelaide)
Mark Tester (KAUST)
Sandra Schmoeckel (KAUST)
Richard Caprioli (Vanderbilt)
Jeff Spraggins (Vanderbilt)
lvo Feussner (Goettingen Uni)
Michelle Watt (Juelich)
Uli Schurr (Juelich)
Borjana Arsova (Juelich)
Joachim Kopka (MPIMP)

Metabolomics Australia,

University of Melbourne
Dr Thusi Rupasinghe
Dr Berin Boughton
Dr Siria Natera

Dr Adrian Lutz

Pt
(M) METABOLOMICS




