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SPECTROMETRIC ANALYSIS OF PLANTS

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority from and the benefit of United Kingdom patent application
No0.1606558.3 filed on 14 April 2016. The entire contents of this application are incorporated
herein by reference.

FIELD OF THE INVENTION
The present invention generally relates to mass spectrometry and/or ion mobility

spectrometry, and in particular to methods of analysing plant phenotype and/or genotype such
as determining the species and/or herbicide susceptibility of a plant.

BACKGROUND
Environmental factors such as drought, high salinity, freezing temperatures, and/or
chemical substances, such as herbicides, are environmental conditions that can cause stress

and consequently adverse effects on the growth of plants and the productivity of crops.

The control of weeds, e.g., grass weeds in wheat crop represents a major challenge to
sustainable intensification in arable agriculture in Northern Europe. Since the 1980’s this
problem has been further compounded by the rapid spread of herbicide resistance in weed
grass with resultant crop losses estimated at 15-35% due to yield and quality losses. As weed
populations differ in their tolerance to herbicides, there is a need for methods to discriminate
between them using rapid phenotyping technologies. Farmers require rapid, robust diagnostic
technologies in order to deploy alternative weed control strategies in the growing season.
Recognising the difference between target site resistant (TSR) and multiple herbicide resistant
(MHR) varieties would inform the choice of which, if any, herbicides should be applied or
whether alternative control measures should be employed.

It is therefore desired to provide an improved method of analysis for plant material and
an improved apparatus therefor.

SUMMARY

The invention provides a method of mass and/or ion mobility spectrometry comprising;

using a first device to generate aerosol, smoke or vapour from one or more regions of a
target plant material;

mass analysing and/or ion mobility analysing said aerosol, smoke or vapour or ions
derived therefrom; and

analysing said spectrometric data in order to analyse said target plant material.

The invention also provides a method of analysis using mass and/or ion mobility
spectrometry comprising;

(a) using a first device to generate to generate aerosol, smoke or vapour from one or
more regions of a target plant material;



10

15

20

25

30

35

40

WO 2017/178833 PCT/GB2017/051050
-2.

(b) mass analysing and/or ion mobility analysing said aerosol, smoke or vapour or ions
derived therefrom in order to obtain spectrometric data; and

(c) analysing said spectrometric data in order to analyse said target plant material.

Details of embodiments of the methods are discussed in the detailed description. Thus,
unless otherwise stated, any reference to “a method” or “the method” is intended to be a
reference to any of the methods provided herein. It is explicitly intended that any of these
features may be present in any combination in any of these methods.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments will now be described, by way of example only, and with reference
to the accompanying drawings in which:

Figs. 1A-1C show an experimental setup used for REIMS analysis of a plant material

which may be used in a method provided herein, Fig. 1D shows an interface for ionizing aerosol
from the target plant material, and Figs. 1E-1F show a DESI method for analyzing target plant
material;

Fig. 2 shows results of Example 1; Shown is a PCA plot with pareto scaling; BG Nots
stands for black grass Nottingham; BG Oxford stands for black grass Oxford; BG Pel stands for
black grass Pellium; BG Roth stands for black grass Rothamsted; and Lollium stands for rye
grass Lollium rigidum; See Also Table 2.1; For each species, 5 results from 2-3 biological
replicates were obtained,;

Fig. 3 shows results of Example 1; Supervised analysis was used to generate the shown
OPLS-DA scores plot;

Fig. 4 shows results of Example 1; Shown is a 3D Principal component analysis scores
plot (pareto scaling) showing unsupervised discrimination between wild type black-grass and
annual ryegrass species;

Fig. 5 shows results of Example 1; Shown is a an OPLS-DA loadings plot, which shows
the m/z of compounds that are particularly abundance in black grass (bottom left quadrant) or in
rye grass (top right quadrant);

Fig. 6 shows results of Example 1; Shown is a PCA plot with pareto scaling; BG Nots
stands for black grass Nottingham; BG Oxfor stands for black grass Oxford; BG Pel stands for
black grass Pellium; BG Roth stands for black grass Rothamsted; and Lollium stands for rye
grass Lollium rigidum;

Fig. 7 shows certain phospholipids that were determined to be downregulated in multiple
herbicide resistant black grass compared to wild type black grass; BG Pel stands for black
grass Pellium; B... stands for black grass Rothamsted; and L... stands for Lollium rigidum; The
relative abundance of various compounds denoted by their m/z (567.21 and so on) is shown for
each of these species; The median is shown as a white line;

Fig. 8A-B shows results of Example 2; the original Figure and legend thereto is in colour,
so the Figure is shown in clean format (Fig. 8B) and in annotated format (Fig. 8A); Shown is an
LDA plot of white blotch control (marked a); white blotch drought (marked b), purple leaf drought
(marked c¢) and purple leaf control (marked d);
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Fig. 9 shows a method of analysis that comprises building a classification model
according to various embodiments;

Fig. 10 shows a set of reference sample spectra obtained from two classes of known
reference samples;

Fig. 11 shows a multivariate space having three dimensions defined by intensity axes,
wherein the multivariate space comprises plural reference points, each reference point
corresponding to a set of three peak intensity values derived from a reference sample spectrum;

Fig. 12 shows a general relationship between cumulative variance and number of
components of a PCA model;

Fig. 13 shows a PCA space having two dimensions defined by principal component
axes, wherein the PCA space comprises plural transformed reference points or scores, each
transformed reference point or score corresponding to a reference point of Fig. 11;

Fig. 14 shows a PCA-LDA space having a single dimension or axis, wherein the LDA is
performed based on the PCA space of Fig. 13, the PCA-LDA space comprising plural further
transformed reference points or class scores, each further transformed reference point or class
score corresponding to a transformed reference point or score of Fig. 13.

Fig. 15 shows a method of analysis that comprises using a classification model
according to various embodiments;

Fig. 16 shows a sample spectrum obtained from an unknown sample;

Fig. 17 shows the PCA-LDA space of Fig. 14, wherein the PCA-LDA space further
comprises a PCA-LDA projected sample point derived from the peak intensity values of the
sample spectrum of Fig. 16;

Fig. 18 shows a method of analysis that comprises building a classification library
according to various embodiments;

Fig. 19 shows a method of analysis that comprises using a classification library
according to various embodiments;

Fig. 20 shows results from Example 3, differentiating healthy leaf samples (empty
circles) from infected leaf samples (filled circles); and

Fig. 21 shows results from Example 4. Principal component analysis demonstrating the
separation of sampling points taken from the infected and uninfected regions of the sycamore
leaves.

DETAILED DESCRIPTION

The invention provides a method of analysis using mass spectrometry and/or ion
mobility spectrometry comprising:

(a) using a first device to generate smoke, aerosol or vapour from a target plant
material;

(b) mass analysing and/or ion mobility analysing said smoke, aerosol or vapour, or ions
derived therefrom, in order to obtain spectrometric data; and

(c) analysing said spectrometric data in order to identify and/or characterise said plant
material.

The step of analysing may comprise analysing said spectrometric data in order to do one or
more of, or any combination of, the following (i) analyse the identity of said plant material; (ii)
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analyse the genotype and/or phenotype of said plant material; (iii) analyse the effect of an
abiotic or biotic stress on said plant material; (iv) analyse the effect of manipulating an abiotic or
biotic stress affecting said plant material; (v) analyse the stress state of said plant material; (vi)
analyse the effect of manipulating the genotype and/or phenotype of said plant material; (vii)
analyse the production of a compound by said plant material; (viii) analyse the utilisation of a
substance by said plant material; (ix) analyse the viability of said plant material; (x) analyse the
disease state of said plant material; and/or (xi) analyse a compound or biomarker.

It should be understood that any reference herein to “analysing” a target is intended to
mean that the target is analysed on the basis of the spectrometric data. Thus, for example, by
an expression, such as, “analysing spectrometric data in order to identify a plant type” is meant
that the identity of a plant type is determined based upon the spectrometric data.

The terms “analysis”, “analysing” and derivatives of these terms are used herein to encompass
any of the following: identification of a target; characterisation of a target; monitoring the
characteristics of a target; detection, identification and/or characterisation of a compound or
biomarker in the target; determination and/or monitoring of a status, e.g. a stress and/or disease
status; and/or determination of a margin between two different disease or tissue types and the
like.

The analysis may be qualitative and/or quantitative. Thus, optionally, any type of
analysis may involve determining the concentration, percentage, relative abundance or the like
of a compound in the target. Optionally, an increase or decrease in a compound may be
analysed.

The identification of a plant material can be important as it can allow a determination to
be made as to how to treat the plant material. For example, many weed species differ in their
susceptibility to particular herbicides, so identifying a weed can help to decide which herbicide
to treat it with. Thus, the method may optionally be a method of identifying and/or
authenticating a plant material. Thus, the method may optionally comprise a step of analysing
the first spectrometric data in order to identify and/or authenticate the plant material.

The terms “identify”, “identification” and derivations of these terms are used
interchangeably herein to mean that information about the identity of a target is obtained. This
may optionally be the determination of the identity, and/or the confirmation of the identity. This
may optionally include information about the precise identity of the target. However, it may
alternatively include information that allows the target to be identified as falling into a particular
classification.

By “identifying” a plant material is meant that at least some information about the identity
of the plant material is obtained, which may, for example, be at any taxonomic level, e.g., at the
Phylum, Class, Order, Family, Genus, Species and/or Strain level.

By “identifying” a compound is meant that at least some information about the structure
and/or function of the compound is obtained, e.g., the information may optionally allow a
compound to be identified as comprising or consisting of a compound selected from any of the
types disclosed herein, and/or as being characterised by one or more of the functional groups
disclosed herein.
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By “identifying” a biomarker is meant that the presence, absence, or relative abundance,
of one or more compounds is determined to be a biomarker, e.g., for a particular plant type,
genotype, phenotype or the like.

Optionally, the method may be carried out on a plant material wherein (i) the identity of
said plant material is known; (ii) the identity of said plant material is unknown; (iii) the plant
material has a suspected identity; (iv) the authenticity of the plant material is unconfirmed; or (v)
the authenticity of the plant material is confirmed.

Optionally, the plant may be identified as being a particular species or strain in the grass
family, e.g., as being a strain of Alopecurus myosuroides or Lollium rigidum, optionally selected
from the Pellium, Oxford, Nottingham and Rothamsted strains of Alopecurus myosuroides.

By “characterising” and derivatives of this term is meant that at least some information
about one or more characteristics of the plant material is obtained. The characteristic may, e.g.,
be a characteristic of a plant cell and/or of a plant metabolite. The characteristic may optionally
be a genotypic and/or phenotypic trait.

The identification of a plant is an example of a method that provides some information
about the genotype and phenotype of a plant. There are other ways in which the genotype
and/or phenotype of a plant may be of interest. Thus, in one aspect, the method may be a
method of analysing the genotype and/or phenotype of a plant material. Thus, the method may
optionally comprise a step of analysing the first spectrometric data in order to analyse the
genotype and/or phenotype of the plant material. The identity of the plant material which is
analysed in order to analyse its genotype and/or phenotype may be known or unknown.

The term “phenotype” is used to refer to the physical and/or biochemical characteristics
of a plant material whereas the term “genotype” is used to refer to the genetic constitution of a
plant material.

The term “phenotype” may be used to refer to a collection of a plant material’s physical
and/or biochemical characteristics, which may optionally be the collection of all of the plant
material’s physical and/or biochemical characteristics; and/or to refer to one or more of a plant
material’s physical and/or biochemical characteristics. For example, a plant material may be
referred to as having the phenotype of a specific plant type, e.g., a grass plant, and/or as having
the phenotype of being target-site herbicide resistant.

The term “genotype” may be used to refer to genetic information, which may include
genes, regulatory elements and/or junk DNA. The term “genotype” may be used to refer to a
collection of a plant material’s genetic information, which may optionally be the collection of all
of the plant material’s genetic information; and/or to refer to one or more of a plant material’s
genetic information. For example, a plant material may be referred to as having the genotype of
a specific plant type, e.g., a black grass, and/or as having the genotype of encoding a factor
involved in herbicide resistance.

It is well known that the genotype of a plant may or may not affect its phenotype, as
many genotypic changes may have no phenotypic effect.

The genotype and/or phenotype may optionally be the susceptibility of a plant to abiotic
and/or biotic stress, details of which are provided elsewhere herein. The genotype and/or
phenotype may optionally be a mutant or transgenic genotype and/or phenotype.
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The genotype and/or phenotype of the plant material may optionally be manipulated,
e.g., to analyse a cellular process, to analyse and/or alter the susceptibility and/or response to a
stress and/or disease, and the like. Optionally, the method may involve the analysis of the
effect of such a genotype and/or phenotype manipulation on the plant material, e.g., on the
genotype and/or phenotype of the plant material.

The method may optionally be used to analyse a plant material after mutagenesis.
Conventional methods for confirming whether or not a plant material has been mutated can be
difficult and/or time consuming. Optionally, the method may be used to analyse whether a plant
material has been mutated. A mutation may, e.g., be the introduction of a new gene, the
silencing of a gene, an alteration in the expression of a gene, or give rise to an altered protein.
Silencing may, e.g., be achieved via gene knock-out.

Optionally, the method may be used to analyse the effect of mutagenesis on a plant
material, e.g., on the genotype and/or phenotype of a plant material.

Optionally, the method may be used to analyse a plant material at 2 or more time points,
e.g., before and after mutagenesis, and/or at 2 or more time points after mutagenesis.

The method may optionally be a method of analysing the effect of an abiotic and/or
biotic stress on a plant material. Thus, the method may optionally comprise a step of analysing
the first spectrometric data in order to analyse the effect of an abiotic and/or biotic stress on the
plant material. For example, a plant material may be analysed before and after being exposed
to an abiotic and/or biotic stress to analyse whether the stress had any effect on the plant
material. Alternatively or in addition, a first plant material that has been exposed to a first
abiotic and/or biotic stress and a second plant material that has not been exposed to a first
abiotic and/or biotic stress, but has optionally been exposed to a second abiotic and/or biotic
stress, may be analysed and compared to determine if there are any differences between the
first and the second plant materials.

The method may be carried out on a plant material known to have been exposed to one
or more stress factors; suspected of having been exposed to one or more stress factors;
suspected of not having been exposed to one or more stress factors; or known not to have been
exposed to one or more stress factors. Thus, the stress status of the plant material may be
known or unknown. The method may optionally be a method of analysing the stress status of a
plant material. Thus, the method may optionally comprise a step of analysing the first
spectrometric data in order to analyse the stress status of the plant material.

The growth conditions of a plant material, e.g., the exposure of a plant material to a
stress may optionally be manipulated, e.g., by adding, increasing, decreasing or removing one
or more stress factors, details of which are provided elsewhere herein. The method may
optionally be a method of analysing the effect of manipulating the stress affecting a plant
material. Thus, the method may optionally comprise a step of analysing the first spectrometric
data in order to analyse the effect of manipulating the stress affecting the plant material.

Plants may produce various metabolites, such as secondary metabolites, which may be
involved in a stress response, e.g., may mediate the resistance to one or more stress factors.
Unless otherwise stated, the terms “metabolite” and “compound” are used interchangeably
herein. The method may optionally be a method of analysing the production of a compound by
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a plant material. Thus, the method may optionally comprise a step of analysing the first
spectrometric data in order to analyse the production of a compound by the plant material.

Plants may differ in their utilisation of substances such as nutrients, minerals and the
like. Plant material analysis may shows the nutrient status of the plant material at the time of
sampling. This, in turn, may show whether nutrient supplies are adequate. Plant material
analysis may detect unseen deficiencies and/or may confirm visual symptoms of deficiencies.
Toxins, e.g., heavy metals, pesticides etc., may accumulate in a plant material and their
presence, absence and/or levels may be analysed. Sampling a crop periodically may provide a
record of its nutrient content that can be used through the growing season or from year to year,
allowing the tailoring of, e.g., fertilization, weed and/or pest control practices to the plant’s
needs.

The method may optionally be a method of analysing the utilisation of a substance by a
plant material. Thus, the method may optionally comprise a step of analysing the first
spectrometric data in order to analyse the utilisation of a substance by the plant material.

The method may optionally be a method of analysing a compound in or on a plant
material. Thus, the method may optionally comprise a step of analysing the first spectrometric
data in order to analyse a compound in or on the plant material.

The natural environment for plants is composed of a complex set stresses. As
mentioned elsewhere herein, the methods provided herein may be used, e.g., to analyse the
susceptibility of a plant material to a stress; the response of a plant material to a stress; the
effect of a stress on a plant material; and/or the effect of altering a stress to which a plant
material is exposed to.

The term “stress” is used to refer to abiotic and/or biotic stress. By “abiotic stress” is
meant a non-living factor that may have a negative effect on a plant, particularly on a
susceptible plant. By “biotic stress” is meant a living factor that may have a negative effect on a
plant, particularly on a susceptible plant.

Any of the factors that may cause stress may be referred to as “stress factors”. An
abiotic stress factor may optionally be the presence, absence, or non-optimal level, of water,
temperature, radiation, a nutrient, a mineral, pH, growth inhibitors and/or toxins.

More particularly, it may optionally be a growth inhibitor selected from a herbicide and a
pesticide, such as a fungicide and/or insecticide; water deficit, drought, or flooding; cold, frost,
freezing, or heat; high, low, or no radiation; acidic, neutral, or basic pH; salinity; mineral
deficiency or toxicity; nutrient deficiency or toxicity; high or low humidity; air and/or ground
pollution; and/or deficiency or toxicity of a gas and/or chemical substance.

A biotic stress factor may optionally be a microbe, e.g., a virus, bacterium, fungus, or
protozoa; an insect; or an animal such as a rodent. The virus may optionally be a tomato
spotted wilt virus (TSWV); a Cucumber Mosaic virus (CMV), e.g., a CMV which contains
fragments of peanut stunt virus (PSV), or a CMV RS isolate; Tobacco mosaic virus; Tomato
yellow leaf curl virus; Potato virus Y; Cauliflower mosaic virus; African cassava mosaic virus;
Plum pox virus; Brome mosaic virus; Potato virus X; Citrus tristeza virus; Barley yellow dwarf
virus; Potato leafroll virus; or Tomato bushy stunt virus.
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The fungus may optionally be from the Rhytismataceae family, e.g., Rhytisma
acerinum;Magnaporthe oryzae; Botrytis cinerea; Puccinia spp.; Fusarium graminearum;
Fusarium oxysporum; Blumeria graminis; Mycosphaerella graminicola; Colletotrichum spp.;
Ustilago maydis; Melampsora lini; Phakopsora pachyrhizi; or Rhizoctonia solani.

The stress factor may, e.g., be in the growth medium, such as in the soil, and/or the
atmosphere.

The herbicide may optionally be a Acetyl coenzyme A carboxylase (ACCase) inhibitor; a
acetolactate synthase (ALS) inhibitor; a enolpyruvylshikimate 3-phosphate synthase enzyme
(EPSPS) inhibitor; a synthetic auxin; a photosystem | inhibitor; a photosystem Il inhibitor; and/or
a 4-Hydroxyphenylpyruvate dioxygenase (HPPD) inhibitor.

The method may be carried out on a “target” plant material. The term “plant material” is
used herein to encompass whole plants as well as parts of a plant and specimens derived from
a plant and the terms “plant” and “plant material” are, unless otherwise stated, used
interchangeably herein. Optionally, the plant material may be a whole plant. Optionally, it may
be a specimen derived therefrom.

The “plant” may optionally be a green plant, which may, e.g., be selected from land plants and
green algae. Optionally, it may be a vascular or non-vascular plant; a seed plant or a non-seed
plant, and/or a flowering or non-flowering plant. Optionally, it may be selected from club
mosses, horsetails, ferns, gymnosperms and angiosperms (flowering plants). Optionally, it may
be a monocot plant, optionally a plant from the grass family (the Poaceae), e.g., wheat, rice,
corn, rye, barley, oat, sorghum, wild rice, and/or millet. Optionally, it may be a paprika plant,
e.g. species Galga, Capsicum annum; a tobacco plant, e.g., a Nicotania plant, e.g., Nicotiana
benthamiana Domin, or Nicotiana tabacum L. cv. Xanthi nc; a bean plant, e.g., a Phaseolus
plant, e.g. Phaseolus vulgaris L. Minidor; or a member of the acer species, e.g., Sycamore tree.

Optionally, it may be selected from Alopecurus and/or Lollium, e.g., Alopecurus
myosuroides and/or Lollium rigidum, optionally from the strains listed in Table 1.1.

Thus, any agriculture, agronomy and/or horticulture applications of the method are
contemplated.

The method may optionally be carried out on an in vivo target, i.e. on a living plant
material. For example, it may be carried out by using a thermal ablation method. Alternatively
or in addition, it may optionally be carried out on a dead plant material. Alternatively or in
addition, it may optionally be carried out on an ex vivo or in vitro target, e.g., on a specimen.
The plant material may optionally be a mature plant or a seedling.

The target plant material may optionally comprise or consist of one or more stems,
leaves, roots, flowers, seeds, plant fluid, a part of any thereof, and/or a combination of any
thereof. For example, it may comprise or consist of one or more of a leaf blade, a petiole, a
whole compound leaf, a terminal leaflet, a most recent mature leaf (MRML), and/or a
combination of any thereof. It may optionally comprise or consist of vascular tissue, epidermal
tissue, ground tissue and/or meristematic tissue, e.g., xylem, phloem, parenchyma,
collenchyma, and/or sclerenchyma.

The most recent mature leaf (MRML) is the first fully expanded leaf below the growing
point. For some crops, the most recent mature leaf is a compound leaf. The most recent mature
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leaf on soybean and strawberry, for example, is a trifoliate compound leaf comprising three
leaflets.

A plant fluid may, for example, optionally be selected from xylem sap, phloem sap, resin
and/or cell sap.

Optionally, the specimen may be dried, collected with a swab, and/or dispensed onto an
absorbent carrier, e.g. a filter or paper.

Optionally, the specimen may be sectioned and/or sequentially disassociated, e.g.,
mechanically and/or enzymatically, for example with trypsin, to obtain different layers of the
specimen, and/or to derive cells from different layers of a specimen. Different layers, or cells
derived from different layers, of the specimen may then be analysed. During plant growth
and/or maintenance, different layers of the plant may have been exposed to different
environmental conditions, and/or been exposed to different concentrations of a substance, as
substances may not penetrate each layer at the same rate. Thus, the method may optionally be
used to analyse one or more different layers of a specimen, or cells derived therefrom.

The method may optionally involve the analysis of one or more different targets.
Optionally, 2 or more targets at or from different locations within a plant material may be
analysed. Optionally, a target may be at or from one or more locations known or suspected to
be healthy and/or unstressed; and one or more locations known or suspected to be diseased
and/or stressed.

Optionally, 2 or more distinct plant materials may be analysed, which may optionally be
2 or more plant materials thereof known or suspected to be genotypically and/or phenotypically
different from one another, or which may be known or suspected to share one or more
genotypic and/or phenotypic traits, or to be genotypically and/or phenotypically identical.
Optionally, the 2 or more distinct plant materials may be at or from different geographical
locations, e.g., from different locations within a crop growing area.

Optionally, distinct locations of a target may be analysed, e.g., a series of points may be
sampled, optionally with or without spatial encoding information for imaging purposes.

The method may optionally be carried out on a target that is native. By “native” is meant
that the target has not been modified prior to performing the method of the invention. In
particular, the target may be native in that the tissue or cells present in the target plant material
are not subjected to a step of lysis or extraction, e.g., lipid extraction, prior to performance of the
method provided herein. Thus, a target plant material may be native in that it comprises or
consists essentially of intact tissue and/or cells Thus, by native is meant that the target has not
been chemically or physically modified and is thus chemically and physically native. Optionally,
the target may be chemically native, i.e. it may be chemically unmodified, meaning that it has
not been contacted with a chemical agent so as to change its chemistry. Contacting a target
with a matrix is an example of a chemical modification.

Optionally, the target may be physically native, i.e. it may be physically unmodified,
meaning that it has not been modified physically. Freezing, thawing, and/or sectioning are
examples of physical modifications. The skilled person will appreciate that although physical
actions, such as, freezing, may affect a specimen’s chemistry, for the purpose of this invention
such an action is not considered to be a chemical modification.
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Thus, optionally the target may be chemically native, but not physically native, e.g.
because it has been frozen, dried and/or sectioned.

Optionally, the target may be frozen, previously frozen and then thawed, fixed,
sectioned, dried and/or otherwise prepared. Optionally, the method may be carried out on a
target that has not undergone a step of preparation specifically for the purpose of mass and/or
ion mobility spectrometry analysis.

The target may not have been contacted with a solvent, or a solvent other than water,
prior to generating the smoke, aerosol or vapour from the target.

Additionally, or alternatively, the target may not be contacted with a matrix prior to
generating the smoke, aerosol or vapour from the target. For example, the target may not be
contacted with a MALDI matrix or other matrix for assisting ionisation of material in the target. A
MALDI matrix may, e.g., comprise or consist of small organic acids such as a-cyano-4-
hydroxycinnamic acid (CHCA) and/or 2,5-dihydroxybenzoic acid (DHB).

The method may optionally be carried out on a target that has been prepared for a
particular mass and/or ion mobility spectrometry analysis; and/or that has been prepared for any
other analytical method.

Any of the methods may optionally include automatic sampling, which may optionally be
carried out using a REIMS device. Any of the methods may optionally comprise using a
disposable sampling tip.

The method may optionally involve the analysis of one or more biomarkers. A biomarker
may be an objective, quantifiable characteristic of, e.g., a phenotype and/or genotype.

The term “biomarker” is sometimes used explicitly herein, but it should also be
understood that any of the analyses mentioned herein may optionally be the analysis of a
biomarker. The biomarker may optionally be a spectrometric biomarker. The term “spectral
biomarker” or “spectrometric biomarker” is used herein to refer to spectrometric data that is
characteristic of a plant type, e.g., a plant genotype and/or phenotype, characteristic of a plant
biological process, and/or characteristic of a compound, such as a plant metabolite, but for
simplicity, a spectrometric biomarker may simply be referred to as a “biomarker”.

By “characteristic of a plant type” is meant that the biomarker may optionally be used to
analyse, e.g., identify and/or characterise said plant type. Optionally, the biomarker may be
used to distinguish between taxonomically different plants and/or between genotypically and/or
phenotypically different plants, e.g., between a wild-type and a mutant plant; a stressed and an
unstressed plant, and/or between a diseased and a healthy plant.

A biomarker may optionally be used to analyse the stress and/or disease status of a
target plant material. Optionally, the biomarker may be used to distinguish between healthy and
stressed and/or diseased plants; and/or to analyse the severity of a stress and/or disease.

As discussed elsewhere herein, identification may be on any level, for example, on a
taxonomic level. A biomarker that allows identification of a plant as belonging to a particular
taxonomic level may be referred to as a “taxonomic marker” or “taxonomic biomarker’. Thus, a
taxonomic marker may be specific for a Kingdom, Phylum, Class, Order, Family, Genus,
Species and/or Strain.
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By “characteristic of a compound” is meant that the biomarker may optionally be used to
analyse, e.g., detect, identify and/or characterise said compound.

By “characteristic of a plant biological process” is meant that the biomarker may
optionally be used to analyse a biological process carried out by a plant material. Optionally,
the biomarker may be used to analyse the start, progression, speed, efficiency, specificity
and/or end of a plant biological process.

Different plant types, stress and/or disease states, metabolites, plant biological
progresses and the like may be characterised by the presence or absence, and/or relative
abundance, of one or more compounds, which may serve as biomarkers. Any reference herein
to a biomarker being a particular compound, or class of compounds, should be understood
optionally to be the spectrometric data of that compound, or class of compounds.

For example, a reference to a “Phellodensin E” biomarker should be understood to be a
reference to the spectrometric data corresponding to Phellodensin E which may, e.g., be a
signal corresponding to m/z of about 517, e.g., 517.1728; whereas a reference to a
“Secologanin” biomarker should be understood to be a reference to the spectrometric data
corresponding to Secologanin (C17H24010), which may, e.g., be a signal corresponding to nvz
of about 387, e.g., 387.1298.

As explained above, a biomarker may be indicative of a plant type, stress and/or disease
status, metabolite, and/or plant biological process. A biomarker which is indicative of herbicide
resistance may therefore be referred to as a “herbicide resistance biomarker”; a biomarker
which is indicative of Lollium rigidum may be referred to as a “Lollium rigidum biomarker” and so
on.

Optionally, a spectrometric biomarker may be identified as being the spectrometric data
of a particular compound, or class of compounds. Thus, a signal corresponding to a particular
mass, charge state, m/z and/or ion mobility (e.g., due to cross-sectional shape or area) may
optionally be identified as being indicative of the presence of a particular compound, or class of
compounds.

Optionally, spectrometric signal may serve as a biomarker even if a determination has
not been made as to which particular compound, or class of compounds gave rise to that signal.
Optionally, a pattern of spectrometric signals may serve as a biomarker even if a determination
has not been made as to which particular compounds, or class of compounds, gave rise to one
or more signals in that pattern, or any of the signals in a pattern.

The work disclosed herein has led to the identification of a range of biomarkers, as well
as allowing the identification of further biomarkers. Optionally, the biomarker may be selected
from any of the biomarkers disclosed herein, including in any of the Examples and/or the
Tables. Optionally, the biomarker may be a biomarker of the substituted or unsubstituted form
of any of the biomarkers mentioned herein; and or of an ether, ester, phosphorylated and/or
glycosylated form, or other derivative, of any of the biomarkers mentioned herein.

Optionally, the biomarker may be a biomarker of a lipid; a protein; a carbohydrate; a
DNA molecule ; an RNA molecule; a polypeptide, such as, a ribosomal peptide or a non-
ribosomal peptide; an oligopeptide; a lipoprotein; a lipopeptide; an amino acid; and/or a
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chemical compound, optionally an organic chemical molecule or an inorganic chemical
molecule.

A biomarker may optionally be the clear-cut presence or absence of a particular
compound, which may optionally manifest itself as the presence or absence of a spectrometric
signal corresponding to a specific mass, charge state, m/z and/or ion mobility.

A biomarker may optionally be the relative abundance of a particular compound, which
may optionally manifest itself as the relative intensity of a spectrometric signal corresponding to
a specific mass, charge state, m/z and/or ion mobility.

A biomarker may optionally be the relative abundance of more or more compounds,
which may optionally manifest itself as the relative intensity of two or more spectrometric signals
corresponding to two or more specific mass, charge state, m/z and/or ion mobility.

Thus, a biomarker may optionally be an increased or decreased level of one or more
compounds, e.g., a metabolite, a lipopeptide and/or lipid species, which may optionally manifest
itself as an increase and/or decrease in the intensity of two or more spectrometric signals
corresponding to two or more specific mass, charge state, m/z and/or ion mobility.

The presence, absence and relative abundance of a variety of compounds may be
referred to as a molecular “fingerprint” or “profile”. The totality of the lipids of a cell may be
referred to as a lipidomic fingerprint/profile, whereas the totality of metabolites produced by a
cell may be referred to as a metabolomic fingerprint/profile.

Thus, the biomarker may be a molecular fingerprint, e.g., a lipid fingerprint and/or a
metabolomic fingerprint, more particularly e.g., a (i) a lipidomic profile; (ii) a fatty acid profile; (iii)
a phospholipid profile; (iv) a phosphatidic acid (PA) profile; (v) a phosphatidylethanolamine (PE)
profile; (vi) a phosphatidylglycerol (PG) profile; (vii) a phosphatidylserines (PS) profile; and/or
(viii) a phosphatidylinositol (PI) profile.

By way of example, certain glycerophospholipids are less abundant in multiple herbicide
resistant black grass than in wild-type black grass, so the relative abundance of such
glycerophospholipids may be a biomarker for herbicide susceptibility.

The biomarker may optionally be a direct biomarker or an indirect biomarker. By “direct”
biomarker is meant that the spectrometric data is produced directly from the biomarker. For
example, if a particular compound has a specific spectrometric signal or signal pattern, then
obtaining this signal or signal pattern from a sample provides direct information about the
presence of that compound. This may be the case, for example, for a metabolite produced in
significant amounts by a plant. Optionally, in such an example, the spectrometric data from the
compound may alternatively or in addition serve as an indirect biomarker for the plant type that
produced this compound.

By “indirect” biomarker is meant that the spectrometric data is produced from one or
more biomarkers that is/are indicative of a particular compound, plant biological process, and/or
type of plant. Thus, an indirect biomarker is spectrometric data generated from one or more
molecules that provides information about a different molecule. For example, a molecular
fingerprint, such as, a lipid fingerprint, may be indicative of the expression of a particular protein,
e.g. a receptor; or of a particular plant type.
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A lipid biomarker may optionally be selected from, e.qg., fatty acids, glycerolipids, sterol
lipids, sphingolipids, prenol lipids, saccharolipids and/or phospholipids. A brief overview of
various lipids is provided below, but it must be appreciated that any particular lipid may fall into
more than one of the groups mentioned herein.

A fatty acid is an aliphatic monocarboxylic acid. The fatty acid may optionally have a
carbon chain comprising precisely or at least 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 36, 38 or 40 carbons. It may optionally be monounsaturated, polyunsaturated, or saturated.
It may optionally be an eicosanoid. It may, for example, be oleic acid, palmitic acid, arachidonic
acid, linoleic acid, capric acid, caprylic acid, and/or lauric acid.

The glycerolipid may optionally be selected from e.g., monoacylglycerol, diacylglycerol,
and/or triacylglycerol.

The sterol may optionally be selected from free sterols, acylated sterols (sterol esters),
alkylated sterols (steryl alkyl ethers), sulfated sterols (sterol sulfate), sterols linked to a glycoside
moiety (steryl glycosides) and/or acylated sterols linked to a glycoside moiety (acylated sterol
glycosides).

The sterol may optionally have an aliphatic side chain of precisely or at least 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 10, 21, 22, 23, 24, 25, 26, 27, 28, 29, 20, 35 or 40 carbon atoms.
The number of carbon atoms in the aliphatic side chain may be expressed by the letter C
followed by the number, e.g., C27 for cholesterol. It may, for example, be selected from
cholesterol, cholesterol sulphate, ergosterol, lanosterol, dinosterol (4a,23,24-trimethyl-5a-
cholest- 22E-en-3b-ol), oxysterol and/or a derivative of any thereof.

A phospholipid may comprise two fatty acids, a glycerol unit, a phosphate group and a
polar molecule. The Phospholipid may optionally comprise an ester, ether and/or other O-
derivative of glycerol. The phospholipid may optionally be selected from, e.g.,
Phosphatidylglycerol, diphosphatidylglycerol (cardiolipin), and/or Acylphosphatidylglycerol (1,2-
diacyl-sn-glycero-3-phospho-(3'-acyl)-1'-sn-glycerol).

The phosphatidylglycerol lipid may optionally be selected from phosphatidic acids
(PAs), phosphatidylethanolamines (PEs), phosphatidylglycerols (PGs),
phosphatidylcholines (PCs), phosphatidylinositols (PIs) and/or phosphatidylserines (PSs).

A sphingolipid is a lipid containing a sphingoid. It may optionally be selected from, e.g.,
a ceramide, i.e. an N-acylated sphingoid; sphingomyelin, i.e. a ceramide-1-phosphocholine;
phosphoethanolamine dihidroceramide, and/or a glycosphingolipid, i.e. a lipid containing a
sphingoid and one or more sugars. For example, it may optionally be a glycosylated ceramide.

The biomarker may optionally be a metabolite, such as, a primary or a secondary
metabolite; an antibiotic; a fatty acid synthase product; a pheromone; and/or a biopolymer.

A biomarker compound may optionally be characterised by one or more of the following
functional groups: alcohol, ester, alkane, alkene, alkyne, ether, ketone, aldehyde, anhydride,
amine, amide, nitrile, aromatic, carboxylic acid, alkyl halide, and/or carbonyl. Optionally, it may
additionally be identified as being primary, secondary or tertiary, e.g., a primary alcohol, a
secondary amine, or the like.
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The method of the invention may optionally involve the analysis of an exogenous
compound, i.e. a compound that was brought into contact with a plant material. Thus, the
biomarker may be an exogenous compound.

The method may optionally involve the analysis of one or more compounds. Unless
otherwise stated, the terms “compound”, “substance”, “molecule” and “metabolite” etc. are used
interchangeably herein.

The compound may optionally be intracellular and/or extracellular. It may optionally be
endogenous, i.e. produced by the plant material, and/or exogenous, i.e. added to the plant
material.

The compound may optionally comprise or consist of any of the compounds or classes
of compounds mentioned herein, e.g. any of the biomarker compounds mentioned herein.
Optionally, it may comprise or consist of, for example, a lipid, such as, a glycolipid or
phospholipid; carbohydrate; DNA; RNA; protein; polypeptide, such as, a ribosomal peptide or a
non-ribosomal peptide; oligopeptide; lipoprotein; lipopeptide; amino acid; and/or chemical
molecule, optionally an organic chemical molecule.

The compound may optionally be linear, cyclic or branched.

The compound may optionally be a metabolite, such as, a primary or a secondary
metabolite; an antibiotic; a fatty acid synthase product; a pheromone; and/or a biopolymer.

The compound may optionally be characterised by one or more of the following
functional groups: alcohol, ester, alkane, alkene, alkyne, ether, ketone, aldehyde, anhydride,
amine, amide, nitrile, aromatic, carboxylic acid, alkyl halide, and/or carbonyl. Optionally, it may
additionally be identified as being primary, secondary or tertiary, e.g., a primary alcohol, a
secondary amine, or the like.

Optionally, the method may involve the analysis of the cellular composition of a plant or
specimen thereof. For example, the proportion of one or more particular cell types may be
analysed. The cell types may optionally be selected from any known cell types, e.g., any of the
cell types mentioned herein. For example, the presence, location, spatial distribution,
concentration and/or type of one or more cells and/or compounds may be analysed.

The embodiments of the invention described herein may, for example, be used in or with
a real-time, robust tissue characterisation tool which utilises ambient ionisation technologies,
such as REIMS technology.

Various embodiments will now be described in more detail below which in general relate
to generating an aerosol, surgical smoke or vapour from one or more regions of a target (details
of which are provided elsewhere herein) using an ambient ionisation ion source. The aerosol,
surgical smoke or vapour may then be mixed with a matrix and aspirated into a vacuum
chamber of a mass and/or ion mobility spectrometer. The mixture may be caused to impact
upon a collision surface causing the aerosol, smoke or vapour to be ionised by impact ionisation
which results in the generation of analyte ions. The resulting analyte ions (or fragment or
product ions derived from the analyte ions) may then be mass and/or ion mobility analysed and
the resulting mass and/or ion mobility spectrometric data may be subjected to multivariate
analysis or other mathematical treatment in order to determine one or more properties of the
target in real time. For example, the multivariate analysis may enable a determination to be
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made of a plant’s genotype and/or phenotype. In particular, a determination may be made as to
the susceptibility of a plant to one or more herbicides.

In any of the methods provided herein a device may be used to generate an aerosol,
smoke or vapour from one or more regions of a plant material target (details of which are
provided elsewhere herein). The device may comprise an ambient ionisation ion source which
is characterised by the ability to generate analyte aerosol, smoke or vapour from a plant
material target (details of which are provided elsewhere herein), which may, e.g., be a native or
unmodified target. By contrast, other types of ionisation ion sources such as Matrix Assisted
Laser Desorption lonisation (*“MALDI”) ion sources require a matrix or reagent to be added to
the sample prior to ionisation.

It will be apparent that the requirement to add a matrix or a reagent directly to a sample
may prevent the ability to perform jn vivo analysis of plant material and also, more generally,
prevents the ability to provide a rapid simple analysis of target plant material.

Ambient ionisation techniques are particularly useful since firstly they do not require the
addition of a matrix or a reagent to the sample (and hence are suitable for the analysis of in vivo
material) and since secondly they enable a rapid simple analysis of target plant material to be
performed. Whilst there is no requirement to add a matrix or reagent to a sample in order to
perform ambient ionization techniques, the method may optionally include a step of adding a
matrix or reagent to the plant material target (e.g., directly to the target) prior to analysis. The
matrix or reagent may be added to the plant material target, e.g., to lyse the cells of the plant
material target or to enhance the signal therefrom during the analysis.

A number of different ambient ionisation techniques are known and are intended to fall
within the scope of the present invention. As a matter of historical record, Desorption
Electrospray lonisation (“DESI”) was the first ambient ionisation technique to be developed and
was disclosed in 2004. Since 2004, a number of other ambient ionisation techniques have been
developed. These ambient ionisation techniques differ in their precise ionisation method but
they share the same general capability of generating gas-phase ions directly from (e.g., native,
untreated or unmodified) samples. The various ambient ionisation techniques which are
intended to fall within the scope of the present invention may not require any prior sample
preparation. As a result, the various ambient ionisation techniques enable both in vivo plant
material and ex vivo plant material samples to be analysed without the time, expense and
problems associated with adding a matrix or reagent to the plant material sample or other plant
material target material.

A list of ambient ionisation techniques which are intended to fall within the scope of the
methods provided herein are given in the following table:

Acronym lonisation technique

DESI Desorption electrospray ionization

DeSSI Desorption sonic spray ionization
Desorption atmospheric pressure

DAPPI

photoionization
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EASI Easy ambient sonic-spray ionization
JeDl Jet desorption electrospray ionization
Transmission mode desorption electrospra
TM-DESI | ransmissi P pray
ionization
LMJ-SSP Liquid microjunction-surface sampling probe
DICE Desorption ionization by charge exchange
Nano-DESI Nanospray desorption electrospray ionization
Electrode-assisted desorption electrospra
EADESI o | P Pray
ionization
Atmospheric pressure thermal desorption
APTDCI >Pheric presst P
chemical ionization
V-EASI Venturi easy ambient sonic-spray ionization
AFAI Air flow-assisted ionization
LESA Liquid extraction surface analysis
PTC-ESI Pipette tip column electrospray ionization
Air flow-assisted desorption electrospray
AFADESI o
ionization
DEFFI Desorption electro-flow focusing ionization
ESTASI Electrostatic spray ionization
Plasma-based ambient sampling ionization
PASIT .
transmission
Desorption atmospheric pressure chemical
DAPCI ~esorpl pheric pressu '
ionization
DART Direct analysis in real time
ASAP Atmospheric pressure solid analysis probe
Atmospheric pressure thermal desorption
APTDI L
ionization
PADI Plasma assisted desorption ionization
DBDI Dielectric barrier discharge ionization
FAPA Flowing atmospheric pressure afterglow
HAPGDI .Hel.ium. atmospheric pressure glow discharge
ionization
Atmospheric pressure glow discharge
APGDDI p. . p. : 9 9
desorption ionization
LTP Low temperature plasma
LS-APGD L?quid sampling-atmospheric pressure glow
discharge
Microwave induced plasma desorption
MIPDI o
ionization
MFGDP Microfabricated glow discharge plasma
RoPPI Robotic plasma probe ionization
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PLASI Plasma spray ionization
Matrix assisted laser desorption electrospray
MALDESI o
ionization
ELDI Electrospray laser desorption ionization
LDTD Laser diode thermal desorption
LAESI Laser ablation electrospray ionization
CALDI Charge assisted laser desorption ionization
Laser ablation flowing atmospheric pressure
LA-FAPA
afterglow
Laser assisted desorption electrospra
LADES| -aser asst P pray
ionization
LDESI Laser desorption electrospray ionization
LEMS Laser electrospray mass spectrometry
LSl Laser spray ionization
Infrared laser ablation metastable induced
IR-LAMICI e
chemical ionization
LDSPI Laser desorption spray post-ionization
Plasma assisted multiwavelength laser
PAMLDI ST
desorption ionization
High voltage-assisted laser desorption
HALDI o
ionization
PALDI Plasma assisted laser desorption ionization
ESSI Extractive electrospray ionization
PESI Probe electrospray ionization
Neutral desorption extractive electrospra
ND-ESSI neuira prion extractiv pray
ionization
PS Paper spray
Direct inlet probe-atmospheric pressure
DIP-APCI Irect It prob PREIC presst
chemical ionization
TS Touch spray
Wooden-tip Wooden-tip electrospray
Coated blade spray solid phase
CBS-SPME _ : pray solep
microextraction
TSI Tissue spray ionization
RADIO Radiofrequency acoustic desorption ionization
Laser induced acoustic desorption
LIAD-ESI o
electrospray ionization
SAWN Surface acoustic wave nebulization
UASI Ultrasonication-assisted spray ionization
Solid probe assisted nanoelectrospra
SPA-nanoESI ap I pray

jonization
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PAUSI Paper assisted ultrasonic spray ionization
DPESI Direct probe electrospray ionization
ESA-Py Electrospray assisted pyrolysis ionization
APPIS Ambient pressure pyroelectric ion source
Remote analyte sampling transport and
RASTIR remoe analyle samping fransp
ionization relay
SACI Surface activated chemical ionization
DEMI Desorption electrospray metastable-induced
ionization
Rapid evaporative ionization mass
REIMS
spectrometry
SPAM Single particle aerosol mass spectrometry
Thermal desorption-based ambient mass
TDAMS
spectrometry
MAII Matrix assisted inlet ionization
SAll Solvent assisted inlet ionization
SWiFERR Switched ferroelectric plasma ionizer
Leidenfrost phenomenon assisted thermal
LPTD

desorption

According to an embodiment the ambient ionisation ion source may comprise a rapid
evaporative ionisation mass spectrometry (‘REIMS”) ion source wherein a RF voltage is applied
to one or more electrodes in order to generate smoke, aerosol or vapour by Joule heating.

However, it will be appreciated that other ambient ion sources including those referred to
above may also be utilised. For example, according to another embodiment the ambient
ionisation ion source may comprise a laser ionisation ion source. According to an embodiment
the laser ionisation ion source may comprise a mid-IR laser ablation ion source. For example,
there are several lasers which emit radiation close to or at 2.94 um which corresponds with the
peak in the water absorption spectrum. According to various embodiments the ambient
ionisation ion source may comprise a laser ablation ion source having a wavelength close to
2.94 um on the basis of the high absorption coefficient of water at 2.94 um. According to an
embodiment the laser ablation ion source may comprise a Er:YAG laser which emits radiation at
2.94 pym.

Other embodiments are contemplated wherein a mid-infrared optical parametric
oscillator (*OPQO”) may be used to produce a laser ablation ion source having a longer
wavelength than 2.94 ym. For example, an Er:YAG pumped ZGP-OPO may be used to
produce laser radiation having a wavelength of e.g. 6.1 um, 6.45 um or 6.73 um. In some
situations it may be advantageous to use a laser ablation ion source having a shorter or longer
wavelength than 2.94 um since only the surface layers will be ablated and less thermal damage
may result. According to an embodiment a Co:MgF, laser may be used as a laser ablation ion
source wherein the laser may be tuned from 1.75-2.5 ym. According to another embodiment an
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optical parametric oscillator (“OPQO”) system pumped by a Nd:YAG laser may be used to
produce a laser ablation ion source having a wavelength between 2.9-3.1 um. According to
another embodiment a CO, laser having a wavelength of 10.6 um may be used to generate the
aerosol, smoke or vapour.

According to other embodiments the ambient ionisation ion source may comprise an
ultrasonic ablation ion source, or a hybrid electrosurgical —ultrasonic ablation source that
generates a liquid sample which is then aspirated as an aerosol. The ultrasonic ablation ion
source may comprise a focused or unfocussed ultrasound.

According to an embodiment the first device for generating aerosol, smoke or vapour
from one or more regions of a target may comprise an tool which utilises an RF voltage, such as
continuous RF waveform. According to other embodiments a radiofrequency tissue dissection
system may be used which is arranged to supply pulsed plasma RF energy to a tool. The tool
may comprise, for example, a PlasmaBlade (RTM). Pulsed plasma RF tools operate at lower
temperatures than conventional electrosurgical tools (e.g. 40-170 °C c.f. 200-350 °C) thereby
reducing thermal injury depth. Pulsed waveforms and duty cycles may be used for both cut and
coagulation modes of operation by inducing electrical plasma along the cutting edge(s) of a thin
insulated electrode.

According to an embodiment the first device comprises a surgical water/saline jet device
such as a resection device, a hybrid of such device with any of the other devices herein, an
electrosurgery argon plasma coagulation device, and/or a hybrid argon plasma coagulation and
water/saline jet device. According to an embodiment the first device comprises or forms part of
an ambient ion or ionisation source; or said first device generates said aerosol, smoke or
vapour from the target plant material and contains ions and/or is subsequently ionised by an
ambient ion or ionisation source, or other ionisation source.

Optionally, the first device comprises or forms part of a device, or an ion source,
selected from the group consisting of: (i) a rapid evaporative ionisation mass spectrometry
(“REIMS”) ion source; (ii) a desorption electrospray ionisation (“DESI”) ion source; (iii) a laser
desorption ionisation (“LDI”) ion source; (iv) a thermal desorption ion source; (v) a laser diode
thermal desorption (“LDTD”) ion source; (vi) a desorption electro-flow focusing (“DEFFI”) ion
source; (vii) a dielectric barrier discharge (“DBD”) plasma ion source; (viii) an Atmospheric
Solids Analysis Probe (“ASAP”) ion source; (ix) an ultrasonic assisted spray ionisation ion
source; (X) an easy ambient sonic-spray ionisation (“EASI”) ion source; (xi) a desorption
atmospheric pressure photoionisation (“DAPPI”) ion source; (xii) a paperspray (“PS”) ion source;
(xiii) a jet desorption ionisation (“JeDI”) ion source; (xiv) a touch spray (“TS”) ion source; (xv) a
nano-DESI ion source; (xvi) a laser ablation electrospray (“LAESI”) ion source; (xvii) a direct
analysis in real time (“DART”) ion source; (xviii) a probe electrospray ionisation (“PESI”) ion
source; (xix) a solid-probe assisted electrospray ionisation (“SPA-ESI”) ion source; (xx) a
cavitron ultrasonic surgical aspirator (“CUSA”) device; (xxi) a hybrid CUSA-diathermy device;
(xxii) a focussed or unfocussed ultrasonic ablation device; (xxiii) a hybrid focussed or
unfocussed ultrasonic ablation and diathermy device; (xxiv) a microwave resonance device;
(xxv) a pulsed plasma RF dissection device; (xxvi) an argon plasma coagulation device; (xxvi) a
hybrid pulsed plasma RF dissection and argon plasma coagulation device; (xxvii) a hybrid
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pulsed plasma RF dissection and JeDI device; (xxviii) a surgical water/saline jet device; (xxix) a
hybrid electrosurgery and argon plasma coagulation device; and (xxx) a hybrid argon plasma
coagulation and water/saline jet device .

Optionally, the step of using said first device to generate aerosol, smoke or vapour
comprises contacting said target plant material with one or more electrodes.

Optionally, said one or more electrodes comprises either: (i) a monopolar device,
wherein said method optionally further comprises providing a separate return electrode; (ii) a
bipolar device; or (iii) a multi-phase RF device, wherein said method optionally further
comprises providing a separate return electrode or electrodes.

Optionally, said one or more electrodes comprise or forms part of a rapid evaporation
ionization mass spectrometry (“REIMS”) device.

Optionally, said method further comprises applying an AC or RF voltage to said one or
more electrodes in order to generate said aerosol, smoke or vapour.

Optionally, the step of applying said AC or RF voltage to said one or more electrodes
further comprises applying one or more pulses of said AC or RF voltage to said one or more
electrodes.

Optionally, said step of applying said AC or RF voltage to said one or more electrodes
causes heat to be dissipated into said target plant material.

Optionally, said step of using said first device to generate aerosol, smoke or vapour from
one or more regions of the target further comprises irradiating the target plant material with a
laser.

Optionally, said first device generates aerosol from one or more regions of the target
plant material by direct evaporation or vaporisation of target material from said target plant
material by Joule heating or diathermy.

Optionally, said step of using said first device to generate aerosol, smoke or vapour from
one or more regions of the target plant material further comprises directing ultrasonic energy
into said target plant material.

Optionally, said aerosol comprises uncharged aqueous droplets, optionally comprising
cellular material.

Optionally, at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% of the
mass or matter generated by said first device and which forms said aerosol may be in the form
of droplets.

The first device may be arranged and adapted to generate aerosol wherein the Sauter
mean diameter ("SMD", d32) of said aerosol is in a range: (i) < 5 um; (ii) 5-10 ym; (iii) 10-15 pm;
(iv) 15-20 pm; (v) 20-25 um; or (vi) > 25 um.

The aerosol may traverse a flow region with a Reynolds number (Re) in the range: (i) <
2000; (i) 2000-2500; (iii) 2500-3000; (iv) 3000-3500; (v) 3500-4000; or (vi) > 4000.

Substantially at the point of generating the aerosol, the aerosol may comprise droplets
having a Weber number (We) selected from the group consisting of: (i) < 50; (ii) 50-100; (iii)
100-150; (iv) 150-200; (v) 200-250;(vi) 250-300; (vii) 300-350; (viii) 350-400; (ix) 400-450; (x)
450-500; (xi) 500-550; (xii) 550-600; (xiii) 600-650; (xiv) 650-700; (xv) 700-750; (xvi) 750-800;
(xvii) 800-850; (xviii) 850-900; (xix) 900-950; (xx) 950-1000; and (xxi) > 1000.
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Substantially at the point of generating the aerosol, the aerosol may comprise droplets
having a Stokes number (Sk) in the range: (i) 1-5; (i) 5-10; (iii) 10-15; (iv) 15-20; (v) 20-25; (vi)
25-30; (vii) 30-35; (viii) 35-40; (ix) 40-45; (x) 45-50; and (xi) > 50.

Substantially at the point of generating the aerosol, the aerosol may comprise droplets
having a mean axial velocity selected from the group consisting of: (i) < 20 m/s; (ii) 20-30 m/s;
(iii) 30-40 m/s; (iv) 40-50 m/s; (v) 50-60 m/s; (vi) 60-70 m/s; (vii) 70-80 m/s; (viii) 80-90 m/s; (ix)
90-100 m/s; (x) 100-110 m/s; (xi) 110-120 m/s; (xii) 120-130 m/s; (xiii) 130-140 m/s; (xiv) 140-
150 m/s; and (xv) > 150 m/s.

Optionally, said aerosol comprises uncharged aqueous droplets, which may comprise
cellular material.

Optionally, the method comprises ionising at least some of said aerosol, smoke or
vapour, or analyte therein, so as to generate analyte ions; wherein said analyte ions are
analysed to obtain said spectrometric data.

Optionally, the method comprises directing or aspirating at least some of said aerosol,
smoke or vapour into a vacuum chamber of a mass and/or ion mobility spectrometer; and/or
ionising at least some said aerosol, smoke or vapour, or the analyte therein, within a, or said,
vacuum chamber of said spectrometer so as to generate a plurality of analyte ions.

Optionally, the method comprises causing said aerosol, smoke or vapour, or analyte
therein, to impact upon a collision surface, optionally located within a, or the, vacuum chamber
of said spectrometer, so as to generate the plurality of analyte ions.

Optionally, the collision surface may be heated. The collision surface may be heated to
a temperature selected from the group consisting of: (i) about < 100 °C; (ii) about 100-200 °C;
(iii) about 200-300 °C; (iv) about 300-400 °C; (v) about 400-500 °C; (vi) about 500-600 °C; (vii)
about 600-700 °C; (viii) about 700-800 °C; (ix) about 800-900 °C; (x) about 900-1000 °C; (xi)
about 1000-1100 °C; and (xii) about > 1100 °C.

Optionally, the method comprises adding a matrix to said aerosol, smoke or vapour;

optionally wherein said matrix is selected from the group consisting of: (i) a solvent for
said aerosol, smoke or vapour or analyte therein; (ii) an organic solvent; (iii) a volatile
compound; (iv) polar molecules; (v) water; (vi) one or more alcohols; (vii) methanol; (viii)
ethanol; (ix) isopropanol; (x) acetone; (xi) acetonitrile; (xii) 1-butanol; (xiii) tetrahydrofuran; (xiv)
ethyl acetate; (xv) ethylene glycol; (xvi) dimethyl sulfoxide; an aldehyde; (xviii) a ketone; (xiv)
non-polar molecules; (xx) hexane; (xxi) chloroform; and (xxii) propanol.

Although various different ambient ionisation ion sources may be used in the method to
analyse a variety of plant material targets, a method of REIMS analysis on a plant material will
now be described in order to assist in understanding the embodiments.

Fig. 1A shows apparatus that may be used to analyse a plant material. The apparatus
comprises a pair of handheld electrodes 106,108 in the form of a forceps 102 (i.e. the first
device); an RF power supply 103 for supplying an RF voltage to the electrodes 106,108; an inlet
to a mass spectrometer 105; and tubing 104 connecting a port 112 at the rear end of the
forceps 102 to the inlet of the spectrometer 105. The forceps 102 and RF power supply 103
may be configured such that the forceps 102 are bipolar forceps. As shown in Fig. 1B, an open
entrance port 110 is provided in the tip of one of the electrodes 106 at the front of the forceps
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102. This entrance port 110 opens up into a conduit 111 within the electrode 106. The conduit
111 extends through the electrode 106 to an exit port 112 in the rear of the forceps 102, as
shown in Fig. 1C.

As shown in Fig. 1A, the sample/target to be analysed may be provided in the form of a
plant material 101. The forceps 102 may be inserted into contact with the plant material 101 so
as to obtain biomass from the plant material 101 on the tips of the electrodes 106,108. The two
electrodes 106,108 may be subsequently brought into close proximity with each other, e.g., by
pinching the biomass between the tips of the forceps 102. The RF power supply 103 may be
triggered, e.g., using a foot switch, so as to energise the electrodes 106,108. This causes the
plant material biomass to be rapidly heated (e.g. by Joule or diathermy heating), due to its non-
zero impedance, and smoke, aerosol or vapour to be emitted from the biomass. The smoke,
aerosol or vapour may contain charged molecular species of analytes in the biomass.

The smoke, aerosol or vapour may then be captured or otherwise aspirated through the
entrance port 110 and into the conduit 111 in the forceps 102. The smoke, aerosol or vapour is
then drawn through the conduit 111, out of the exit port 112, along the tubing 104 and into the
inlet of the mass spectrometer 105. The inherent vacuum system of the mass spectrometer
may be used to draw the smoke, aerosol or vapour from the entrance port 110 to the inlet of the
spectrometer 105. Alternatively, a Venturi device may be used to draw the smoke, aerosol or
vapour from the entrance port 110 to the inlet of the spectrometer 105.

Fig. 1D shows a schematic of an embodiment of an interface between the first device
(e.g., forceps 102) and the mass spectrometer. The instrument may comprise an ion analyser
207 having an inlet 206 (which may correspond to inlet 5 in Fig. 1A), a vacuum region 208, a
collision surface 209 and ion optics 212 (such as a Stepwave (RTM) ion guide) arranged within
the vacuum region 208. The instrument also comprises a sample transfer tube 202
(corresponding to tubing 4 in Fig. 1) and a matrix introduction conduit 203. The sample transfer
tube 202 has an inlet for receiving the smoke, aerosol or vapour sample 201 (which may
correspond to that described in relation to Fig. 1) from a sample/target being investigated and
an outlet that is connected to the inlet 206 of the ion analyser 207. The matrix introduction
conduit 203 has an inlet for receiving a matrix compound and an outlet that intersects with the
sample transfer tube 202 so as to allow the matrix 204 to be intermixed with the aerosol sample
201 in the sample transfer tube 202. A T-junction component may be provided at the junction
between tubes 202, 203 and 206. The tubes 202, 203 and 206 may be removably inserted into
the T-junction.

A method of operating the instrument shown in Fig. 1D will now be described. A
sample/target, such as plant material, may be subjected to the REIMS technique. For example,
a first device (e.g., forceps 102) may be used to generate an aerosol, e.g., as described above
in relation to Figs. 1A-1C. The aerosol particles 201 are then introduced into the inlet of the
sample transfer tube 202. A matrix compound 204 is introduced into the inlet of the matrix
introduction conduit 203. The aerosol particles 201 and matrix compound 204 are drawn
towards the inlet 206 of the ion analyser 207 by a pressure differential caused by the vacuum
chamber 208 being at a lower pressure than the inlets to the tubes 202, 203. The aerosol
particles 201 may encounter the molecules of matrix compound 204 in, and downstream of, the
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region that the sample transfer tube 202 intersects with the matrix introduction conduit 203. The
aerosol particles 201 intermix with the matrix 204 so as to form aerosol particles containing
matrix molecules 205, in which both the molecular constituents of the aerosol sample 201 and
the matrix compound 204 are present. The matrix molecules 204 may be in excess compared
to the molecular constituents of aerosol sample 201.

The particles 205 may exit the sample transfer tube 202 and pass into the inlet 206 of
the ion analyser 207. The particles 205 then enter into the decreased pressure region 208 and
gain substantial linear velocity due to the adiabatic expansion of gas entering the vacuum
region 208 from the sample transfer tube 202 and due to the associated free jet formation. The
accelerated particles 205 may impact on the collision surface 209, where the impact event
fragments the particles 205, leading to the eventual formation of gas phase ions 210 of the
molecular constituents of the aerosol sample 201 and the formation of matrix molecules 211.
The collision surface 209 may be controlled and maintained at a temperature that is
substantially higher than the ambient temperature.

The matrix 204 includes a solvent for the analyte 201, such that the analyte 201
dissolves by the matrix 204, thereby eliminating intermolecular bonding between the analyte
molecules 201. As such, when the dissolved analyte 205 is then collided with the collision
surface 209, the dissolved analyte 205 will fragment into droplets and any given droplet is likely
to contain fewer analyte molecules than it would if the matrix were not present. This in turn
leads to a more efficient generation of analyte ions 210 when the matrix in each droplet is
evaporated. The matrix may include a solvent for said aerosol, smoke or vapour or analyte
therein; an organic solvent; a volatile compound; polar molecules; water; one or more alcohols;
methanol; ethanol; isopropanol; acetone; acetonitrile; 1-butanol; tetrahydrofuran; ethyl acetate;
ethylene glycol; dimethyl sulfoxide; an aldehyde; a ketone; non-polar molecules; hexane;
chloroform; or (xxii) propanol. Isopropanol is of particular interest.

The matrix molecules 211 may freely diffuse into the vacuum. |n contrast, the gas phase
ions 210 of the molecular constituents of the aerosol sample 201 may be transferred by the ion
optics 212 to an analysis region (not shown) of the ion analyser 207. The ions 210 may be
guided to the analysis region by applying voltages to the ion optics 212.

The ion optics 212 may be a StepWave (RTM) ion guide. The collision surface may be
positioned along and adjacent to the central axis of the large opening of a StepWave (RTM) ion
guide. As will be understood by those skilled in the art, a StepWave (RTM) ion guide comprises
two conjoined ion tunnel ion guides. Each ion guide comprises a plurality of ring or other
electrodes wherein ions pass through the central aperture provided by the ring or other
electrodes. lons enter a first of the ion guides, along with any neutrals that may be present, and
travel through the first ion guide. lons are then directed orthogonally into a second of the ion
guides and are transmitted therethrough. Transient DC voltages or potentials are applied to the
electrodes to drive the ions through them. The StepWave (RTM) ion guide is based on stacked
ring ion guide technology and is designed to maximise ion transmission from the source to the
mass analyser. The device allows for the active removal of neutral contaminants, since the
neutrals are not directed orthogonally into the second ion guide, thereby providing an
enhancement to overall signal to noise. The design enables the efficient capture of the diffuse
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ion cloud entering a first lower stage which is then may focused into an upper ion guide for
transfer to the ion analyser. The ions are then analysed by the ion analyser, which may
comprise a mass spectrometer or an ion mobility spectrometer, or a combination of the two. As
a result of the analysis, chemical information about the sample 201 may be obtained.

A liquid trap or separator may be provided between the first device (e.g., forceps 2) and
the analyser, which captures or discards undesired liquids that are aspirated by the probe whilst
may allowing the smoke, aerosol or vapour itself to pass relatively uninhibited to the mass
spectrometer. This prevents undesired liquid from reaching the analyser without affecting the
measurement of the smoke, aerosol or vapour. The liquid trap or separator may be arranged to
capture the liquid for later disposal.

As described above, although embodiments have been described in which REIMS is
used to generate the smoke, aerosol or vapour for analysis, other ambient ionisation techniques
may be used such as, for example, Desorption Electrospray lonisation (“DESI”).

Desorption Electrospray lonisation (“DESI”) has also been found to be a particularly
useful and convenient method for the real time rapid and direct analysis of plant material. DESI
techniques allow direct and fast analysis of surfaces without the need for prior sample
preparation. The technique will now be described in more detail with reference to Figs. 1E-1F.

As shown in Figs. 1E-1F, the DESI technique is an ambient ionisation method that
involves directing a spray of (primary) electrically charged droplets 301 onto a plant material
target 304. The electrospray mist is pneumatically directed at the target 304 by a sprayer 300
where subsequent splashed (secondary) droplets 305 carry desorbed ionised analytes (e.g.
desorbed lipid ions). The sprayer 300 may be supplied with a solvent 306, a gas 307 (such as
nitrogen) and a voltage from a high voltage source 308. After ionisation, the ions travel through
air into an atmospheric pressure interface 309 of a mass spectrometer and/or mass analyser
(not shown), e.g. via a transfer capillary 310. The ions may be analysed by the method
described in relation to Fig. 1D, or by other methods. For example, the transfer capillary 310 of
Fig. 1E may correspond to the sample transfer tube 202 in Fig. 1D. The transfer capillary 310
may be heated, e.g., to a temperature up to 500 °C.

The DESI technique allows, for example, direct analysis of plant material, e.g., without
requiring any advance sample preparation for the analysis.

Various embodiments are contemplated wherein analyte ions are generated from the
target, aerosol, smoke or vapour, e.g., by an ambient ionisation ion source. The analyte ions, or
ions derived therefrom, may be subjected either to: (i) mass analysis by a mass analyser such
as a quadrupole mass analyser or a Time of Flight mass analyser; (ii) ion mobility analysis (IMS)
and/or differential ion mobility analysis (DMA) and/or Field Asymmetric lon Mobility
Spectrometry (FAIMS) analysis; and/or (iii) a combination of firstly ion mobility analysis (IMS)
and/or differential ion mobility analysis (DMA) and/or Field Asymmetric lon Mobility
Spectrometry (FAIMS) analysis followed by secondly mass analysis by a mass analyser such as
a quadrupole mass analyser or a Time of Flight mass analyser (or vice versa). Various
embodiments also relate to an ion mobility spectrometer and/or mass analyser and a method of
ion mobility spectrometry and/or method of mass analysis.
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Obtaining the spectrometric data may comprise recording the ion signal intensity of the
ions derived from the smoke, aerosol or vapour as a function of one or more physicochemical
property (or as a function of a property related thereto). For example, the ion signal intensity
may be recorded as a function of mass to charge ratio and/or ion mobility. The location and/or
size and/or pattern of peaks in this recorded ion signal may then be used to characterise or
identify one or more analytes present in the smoke, aerosol or vapour.

Tandem mass spectrometry may be used to assign an analyte/compound to each of the
peaks. For example, parent ions having a physicochemical property (e.g., mass to charge ratio)
corresponding to that of a peak may be isolated (e.g., using a mass filter) and then fragmented
or reacted so as to produce fragment or product ions. These fragment or product ions may then
be analysed (e.g., by mass analysis) and their determined properties used to identify the parent
ion giving rise to the peak in the ion signal. Such tandem mass spectrometry may be used, for
example, to identify biomarkers in the spectrometric data.

The mass and/or ion mobility spectrometer may obtain data in negative ion mode only,
positive ion mode only, or in both positive and negative ion modes. Positive ion mode
spectrometric data may be combined or concatenated with negative ion mode spectrometric
data. Negative ion mode can provide particularly useful spectra for classifying aerosol, smoke or
vapour samples, such as aerosol, smoke or vapour samples from targets comprising lipids.

lon mobility spectrometric data may be obtained using different ion mobility drift gases,
or dopants may be added to the drift gas to induce a change in drift time of one or more
species. This data may then be combined or concatenated. Other embodiments are
contemplated wherein the first device for generating aerosol, smoke or vapour from the target
may comprise an argon plasma coagulation (“APC”) device. An argon plasma coagulation
device involves the use of a jet of ionised argon gas (plasma) that is directed through a
probe. The probe may be passed through an endoscope. Argon plasma coagulation is
essentially a non-contact process as the probe is placed at some distance from the
target. Argon gas is emitted from the probe and is then ionized by a high voltage discharge
(e.g., 6 kV). High-frequency electric current is then conducted through the jet of gas, resulting
in coagulation of the target on the other end of the jet. The depth of coagulation is usually only
a few millimetres.

The first device, surgical or electrosurgical tool, device or probe or other sampling device
or probe disclosed in any of the aspects or embodiments herein may comprise a non-contact
sampling device, such as one or more of a hydrosampling device, a water jet sampling device,
an argon plasma coagulation device, a hybrid argon plasma coagulation device, a water jet
device and a laser device.

A non-contact sampling device may be defined as a device arranged and adapted to
dissect, fragment, liquefy, aspirate, fulgurate or otherwise disrupt plant material without
physically contacting the material. Examples include laser devices, hydrosurgical devices,
argon plasma coagulation devices and hybrid argon plasma coagulation devices.

As the non-contact device may not make physical contact with the material, the
procedure may be seen as relatively safe and can be used to treat delicate material having low
intracellular bonds.
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According to the various embodiments herein, ion imaging may be used to generate an
image or map of one or more properties of the target plant material. This may be achieved by
using the first device to generate aerosol, smoke or vapour from multiple different regions of the
target; ionising analytes in the smoke, aerosol or vapour originating from the different regions to
produce analyte ions (or ions derived therefrom, e.g., fragment ions); and then analysing the
analyte ions (or ions derived therefrom) to obtain spectrometric data for each of the regions of
the target. The spectrometric data is correlated to the region of the target to which it relates (i.e.
from where the smoke, aerosol or vapour that generated the spectrometric data originated from)
so as to generate image or map data. Animage or map of the target can then be generated
based on the image or map data. For example, one or more properties of each region of the
target may be determined from the spectrometric data and this may be included in the image or
map data and hence mapped as a function of location within the target. The image or map
data may then be displayed to a user.

The first device may be stepped between multiple spaced apart regions of the target so
as to generate the aerosol, smoke or vapour from discrete regions of the target. Alternatively, a
plurality of devices may be used to generate the aerosol, smoke or vapour from discrete regions
of the target, optionally simultaneously. These plurality of devices may not move across the
target, although may move into and out of engagement with the target. Spatial profiling of the
target may therefore be performed (e.g., which does not perform a continuous map).
Alternatively, the first device may be moved across or through the target continuously so as to
generate aerosol, smoke or vapour from the different regions of the target. Any movements of
the first device, or the plurality of devices, may be automated and controlled by a machine.

The spectrometric data for each region may be analysed and converted into data
representative of the type, condition or constituent(s) of the material at that region in the target.

The representative data may then be displayed as an image or map showing the type,
condition or constituents of the material as a function of location in the target.

For example, the representative data may indicate the type, level, presence and/or
absence of one or more particular cell types and/or compounds at each of the regions in the
target. For example, the spectrometric data may be used to identify and/or display the locations
of a compound involved in a response to a stress factor.

The representative data may indicate the presence and/or distribution of one or more
types of cells within the target.

Additionally, or alternatively, the representative data may indicate the presence and/or
distribution of one or more types of compounds within the target.

Additionally, or alternatively, the representative data may indicate the type or level of
biomarker in the target, and the distribution of the type or level of biomarkers within a target may
be identified and/or displayed.

The ion imaging and map data may be generated and/or displayed in real-time. The
position of at least a portion of the first device and/or another tool relative to the target may be
displayed on the image or map, e.g., in real time. For example, the position of a sampling tool,
such as a tool for resecting or ablating tissue, may be displayed on the map of the target.
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lon imaging mass and/or ion mobility spectrometry technology, such as DESI-MS and/or
REIMS technology, may optionally be used to obtain the spectrometric data for the different
regions of the target. A REIMS technology device may optionally be used in cutting and/or
pointing mode.

This ion imaging analysis may optionally be combined with a further analysis of the plant
or specimen. Details of further analysis methods and tools are provided elsewhere herein.
Optionally, the results of mass and/or ion mobility spectrometry imaging may be correlated with
the results of a further analysis.

Optionally, the method may involve the analysis of radio tracers. Positron Emission
Tomography (PET) is a radiotracer imaging technique, in which tracer compounds labelled with
positron-emitting radionuclides are injected into the plant that is the subject of the study. These
radio-tracer compounds can then be used to track biochemical and physiological processes in
vivo. Positron-emitting isotopes of elements such as carbon, nitrogen, oxygen and fluorine may
be processed to create a range of radio-tracer compounds which are similar to naturally
occurring substances in the plant.

Optionally, the radio-tracer may be a compound labelled with "'C, "N, "°O, and/or "*F.
Optionally, it may be selected from "'C methionine, ''C flumazenil, ''C raclopride, >N ammonia,
>0 carbon dioxide, *O water, "®F Fluoro-deoxy-glucose, '®F Fluoride ion, and/or "®F Fluoro-
mizonidazole.

Thus, e.g., if the biologically active molecule chosen is fluorodeoxyglucose (FDG), an
analogue of glucose, the concentrations of tracer will indicate tissue metabolic activity as it
corresponds to the regional glucose uptake. Optionally, a plant and/or specimen may be
exposed to a radio-tracer and the method may be used to analyse the location and/or
concentration of a radio-tracer. Thus, the method may optionally be used to analyse the
metabolism and/or transport of a compound labelled with a positron-emitting radionuclide.

Optionally, the method may involve analysing a target and, on the basis of one or more
of the following making a determination that a plant is or is not suffering from a particular stress
and/or disease: detecting a compound or biomarker; detecting an increase in a compound or
biomarker; detecting a decrease in a compound or biomarker.

An increase or decrease may be determined by reference to a suitable reference,
comparator or control. For example, the typical levels of phenolic compounds in a healthy,
unstressed plant may be used as a reference, comparator or control, and an increase in the
levels of phenolic compounds may be indicative of a nutrient deficiency, e.g., a deficiency in
potassium, sulphur or magnesium.

The term "monitoring" and derivations of this term as used herein refer to the
determination whether any changes take place/have taken place. Typically, it is determined
whether any changes have taken place over time, i.e. since a previous time point. The change
may, for example, be the development and/or progression of a disease or stress. Optionally,
the method may involve analysing a target and, on the basis of detecting the presence, increase
or decrease of a disease biomarker and/or stress biomarker, monitoring the development and/or
progression of a disease and/or stress.
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Optionally monitoring may involve analysing the response of a plant material to changed
growth conditions, e.g., to the addition, increase, decrease, or removal of one or more stress
factors. A deliberate change in growth conditions may be referred to as a “treatment”.

Optionally, the method may involve analysing a target plant material and, on the basis of
one or more of the following, determining that the plant material should or should not receive a
particular treatment: identifying the genus, species and/or strain of the plant; detecting a
biomarker, such as a disease and/or stress biomarker; detecting an increase in such a
biomarker; and/or detecting a decrease in such a biomarker.

Optionally, the method may involve analysing a target plant material and, on the basis of
one or more of the following, determining that the plant material has or has not responded a
particular treatment: detecting a biomarker, such as a disease and/or stress biomarker;
detecting an increase in such a biomarker; detecting a decrease in such a biomarker; and/or
detecting the absence of such a biomarker.

Optionally, the method may involve analysing a target plant material and, on the basis of
one or more of the following, administering a particular treatment to the plant material:
identifying the genus, species and/or strain of the plant; detecting a biomarker, such as a
disease and/or stress biomarker; detecting an increase in such a biomarker; detecting a
decrease in such a biomarker; and/or detecting the absence of such a biomarker.

Any of the methods of the invention may optionally involve the analysis of spectrometric
data; more particularly, the analysis of spectrometric data from a target, e.g., a first target
location. The terms “spectral data” and “spectrometric data” are used interchangeably herein.

The analysis of a target may be based solely on the analysis of spectral data, or it may
optionally involve one or more further analytical tools, details of which are discussed elsewhere
herein.

The spectrometric data may optionally provide direct and/or indirect information about
the target.

Spectrometric data obtained from a target plant material, e.g., a first target location, may
optionally be compared to one or more other spectrometric data, which may conveniently be
referred to herein as “reference”, “control” or “comparator’ spectrometric data.

As explained elsewhere herein, analysing spectrometric data may optionally comprise
analysing one or more sample spectra so as to classify an aerosol, smoke or vapour sample.
This may comprise developing a classification model or library using one or more reference
sample spectra, or may comprise using an existing library.

Optionally, an analysis may be made to determine whether spectrometric data obtained
from a target matches or corresponds sufficiently to the “reference”, “control” or “comparator”
spectrometric data to make a positive determination. Optionally, a positive determination may
be made if the spectrometric data corresponds more closely to one library entry than any other
library entry.

The term "reference" spectrometric data is used herein to mean spectrometric data from
a known plant type or compound. Reference spectrometric data may optionally be publicly
available, or the skilled person may generate a library of reference spectrometric data. The
method may optionally involve comparing the spectrometric data to one or more reference
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spectrometric data. If the spectrometric data obtained from a target matches or corresponds
sufficiently to a reference spectrometric data, then optionally a positive determination may be
made. If the spectrometric data obtained from a target does not match or correspond
sufficiently to a reference spectrometric data, then optionally a negative determination may be
made.

The term “comparator” spectrometric data is used herein to mean spectrometric data
obtained from a second target location. The first and second target locations may be located in
different targets, or at the different locations of the same target. The method may optionally
involve comparing the spectrometric data to one or more comparator spectrometric data. If the
spectrometric data obtained from a target matches or corresponds sufficiently to a comparator
spectrometric data, then optionally a positive determination may be made. If the spectrometric
data obtained from a target does not match or correspond sufficiently to a comparator
spectrometric data, then optionally a negative determination may be made.

The term “control” spectrometric data is used herein to mean spectrometric data
obtained from the first target at an earlier point in time. Control spectrometric data may, for
example, be used when monitoring, e.g., nutrient availability, a disease, and/or the response to
herbicide treatment. Any of the methods may optionally involve comparing the spectrometric
data to one or more control spectrometric data. If the spectrometric data obtained from a target
matches or corresponds sufficiently to a control spectrometric data, then optionally a positive
determination may be made. If the spectrometric data obtained from a target does not match or
correspond sufficiently to a control spectrometric data, then optionally a negative determination
may be made.

By a “positive determination” is meant that the presence, identity and/or characteristics
of a particular plant type, cell type and/or compound is determined. For example, a positive
determination may, e.g., involve determining that a plant belongs to a particular species; and/or
that a plant has a certain characteristic, such as, that it is herbicide resistant.

Thus, for example, if the spectrometric data of a first sample matches or corresponds
sufficiently to a reference spectrometric data, then the plant material present in the first sample
may optionally be identified as corresponding to the identity of the plant material from which the
reference spectrometric data was obtained. If the spectrometric data of a first sample matches
or corresponds sufficiently to a reference spectrometric data, then the plant material present in
the first sample may optionally be characterised as having a characteristic corresponding to the
characteristic of the plant material from which the reference spectrometric data was obtained.

As explained elsewhere herein, by determining or confirming the “identity” of a plant
material is meant that at least some information about the identity is obtained, which may, for
example, be at any taxonomic level. Thus, for example, if the reference spectrometric data is
from Alopecurus myosuroides, then in one embodiment a match or sufficient correspondence
may optionally be used to identify the first plant material as belonging to the genus Alopecurus,
whereas in another embodiment a match or sufficient correspondence may optionally be used
to identify the first plant material as belonging to the species Alopecurus myosuroides.

As another example, if the spectrometric data of a first sample matches or corresponds
sufficiently to a comparator spectrometric data, then the plant material present in the first
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sample may optionally be identified as corresponding to the identity of the plant material from
which the comparator spectrometric data was obtained. If the spectrometric data of a first
sample matches or corresponds sufficiently to a comparator spectrometric data, then the plant
material present in the first sample may optionally be characterised as having a characteristic
corresponding to the characteristic of the plant material from which the comparator
spectrometric data was obtained.

In other words, a match or sufficient correspondence to a reference or comparator
spectrometric data respectively may be used to confirm that the first target plant material and
the reference or comparator plant material respectively have the same identity, whereas the
lack of a match or sufficient correspondence to a reference or comparator spectrometric data
respectively may be used to confirm that the first target plant material and the reference or
comparator entity respectively do not have the same identity.

By a “negative determination” is meant that it is determined that a target plant material
does not have a particular identity and/or characteristic.

For example, a negative determination may involve determining that a particular target
plant material does not have a certain characteristic.

For example, a negative determination may, e.g., involve determining that a plant of a
particular taxonomic rank is not present; that a particular plant does not have a certain
characteristic such as resistance to a particular herbicide; and/or that a particular compound is
not being produced.

Thus, for example, if the spectrometric data of a first sample does not match or
correspond sufficiently to a reference spectrometric data, then the target plant material present
in the first sample may optionally be identified as not corresponding to the identity of the plant
material from which the reference spectrometric data was obtained. If the spectrometric data of
a first sample does not match or correspond sufficiently to a reference spectrometric data, then
the target plant material present in the first sample may optionally be characterised as not
having a characteristic corresponding to the characteristic of the plant material from which the
reference spectrometric data was obtained.

As another example, if the spectrometric data of a first sample matches or corresponds
sufficiently to a control spectrometric data, then a determination may be made that no, or no
significant, change has taken place, whereas if the spectrometric data of a first sample does not
match or correspond sufficiently to a control spectrometric data, then a determination may be
made that a change, optionally a significant change, has taken place. Examples of a change
may, for example, be a change in the plant’s behaviour or its environment, such as, a change in
the plant’s growth rate; a change in the presence or levels of one or more stress factors; and
the like.

As mentioned elsewhere herein, the method may optionally involve the analysis of
biomarkers.

If a biomarker for a target plant material or stress status is known (e.g., from the prior art
or from the work disclosed herein), then the method may optionally involve analysing the target
for the presence of the spectrometric signal of that biomarker. The spectrometric signal of any
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biomarker may optionally be looked up in the literature, a database, or, if necessary, it may
easily be determined experimentally.

For example, as shown herein, PI(14:1(92)/14:1(92)) is a biomarker for herbicide
resistance at least in black grass, with a spectrometric signal of m/z about 749.426. When
analysing a target plant material, such as black grass, to try to distinguish between herbicide
sensitive and resistant strains, the method may optionally involve analysing the target for the
presence of a spectrometric signal of m/z about 749.426.

Isobaric lipids with different head groups may optionally be differentiated by ion mobility.

Thus, optionally, the method may involve analysing the target for the presence of a
spectrometric signal of one or more biomarkers, optionally selected from any of the biomarkers
mentioned herein.

A biomarker for a stressed and/or diseased plant may optionally be determined, e.g., by
subtracting the spectrometric signals obtained from a normal plant from the spectrometric
signals obtained from a stressed and/or diseased plant, to arrive at spectrometric signals that
are specific for the stressed and/or diseased plant.

Optionally, the analyte giving rise to a particular m/z and/or ion mobility spectrometric
signal may optionally be further characterised, e.g., using MS/MS. Thus, ionic species in the
mass and/or ion mobility spectra may optionally be identified based on techniques such as use
of the ion mobility drift time and/or exact mass measurements (e.g., with a mass deviation
<3ppm), and/or MS/MS fragmentation patterns.

Thus, optionally, the method may involve analysing the target for the presence of a
spectrometric signal of one or more biomarkers, optionally selected from any of the biomarkers
mentioned herein.

The spectrometric data may comprise one or more sample spectra. Obtaining the
spectrometric data may comprise obtaining the one or more sample spectra. Analysing the
spectrometric data may comprise analysing the one or more spectra. Obtaining the one or more
sample spectra may comprise a binning process to derive a set of time-intensity pairs and/or a
set of sample intensity values for the one or more sample spectra. The binning process may
comprise accumulating or histogramming ion detections and/or intensity values in a set of plural
bins. Each bin in the binning process may correspond to particular range of times or time-based
values, such as masses, mass to charge ratios, and/or ion mobilities. The bins in the binning
process may each have a width equivalent to a width in Da or Th (Da/e) in a range selected
from a group consisting of: (i) < or > 0.01; (ii) 0.01-0.05; (iii) 0.05-0.25; (iv) 0.25-0.5; (v) 0.5-1.0;
(vi) 1.0-2.5; (vii) 2.5-5.0; and (viii) < or > 5.0. It has been identified that bins having widths
equivalent to widths in the range 0.01-1 Da or Th (Da/e) can provide particularly useful sample
spectra for classifying some aerosol, smoke or vapour samples, such as samples obtained from
tissues. The bins may or may not all have the same width. The widths of the bin in the binning
process may vary according to a bin width function. The bin width function may vary with a time
or time-based value, such as mass, mass to charge ratio and/or ion mobility. The bin width
function may be non-linear (e.g., logarithmic-based or power-based, such as square or square-
root based). The bin width function may take into account the fact that the time of flight of an ion
may not be directly proportional to its mass, mass to charge ratio, and/or ion mobility. For
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example, the time of flight of an ion may be directly proportional to the square-root of its mass
and/or mass to charge ratio.

The terms “spectrometric library” and “spectrometric database” are used interchangeably
herein.

The skilled person may use any publicly available spectrometric data as reference
spectrometric data. Examples of useful databases are: LipidMaps, LipidBlast and LipidXplorer,
details of which are provided in the following publications: “LipidBlast - in-silico tandem mass
spectrometry database for lipid identification” by Kind et al., Nat Methods. 2013 August ; 10(8):
755-758; “LipidXplorer: A Software for Consensual Cross-Platform Lipidomics” by Herzog et al.
PLoS ONE 7(1): €29851; and “Lipid classification, structures and tools” by Fahy et al.
Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids, Volume 1811, Issue
11, November 2011, Pages 637-647, Lipidomics and Imaging Mass Spectrometry, see also
http://www lipidmaps.org/.

Alternatively or in addition, the skilled person may construct a spectrometric library by
obtaining spectrometric data from one or more samples, which may optionally, include type
culture strains and/or environmental isolates; in the case of a compound, the sample(s) may
optionally be purchased or synthesised.

The generation of a spectrometric library from plants may optionally be combined with a
further analysis tool, e.g., taxonomic classification and/or histology. For example, the tool may
be DNA analysis. This may involve DNA sequencing, optionally preceded by DNA isolation
and/or amplification using, e.g., PCR.

The step of analysing the spectrometric data may comprise analysing one or more
sample spectra so as to classify an aerosol, smoke or vapour sample.

Analysing the one or more sample spectra may comprise unsupervised analysis of the
one or more sample spectra (e.g., for dimensionality reduction) and/or supervised analysis (e.qg.,
for classification) of the one or more sample spectra.

Analysing the one or more sample spectra may comprise unsupervised analysis (e.g.,
for dimensionality reduction) followed by supervised analysis (e.g., for classification).

Analysing the one or more sample spectra may comprise using one or more of: (i)
univariate analysis; (ii) multivariate analysis; (iii) principal component analysis (PCA); (iv) linear
discriminant analysis (LDA); (v) maximum margin criteria (MMC); (vi) library-based analysis; (vii)
soft independent modelling of class analogy (SIMCA); (viii) factor analysis (FA); (ix) recursive
partitioning (decision trees); (x) random forests; (xi) independent component analysis (ICA); (xii)
partial least squares discriminant analysis (PLS-DA); (xiii) orthogonal (partial least squares)
projections to latent structures (OPLS); (xiv) OPLS discriminant analysis (OPLS-DA); (xv)
support vector machines (SVM); (xvi) (artificial) neural networks; (xvii) multilayer perceptron;
(xviii) radial basis function (RBF) networks; (xix) Bayesian analysis; (xx) cluster analysis; (xxi) a
kernelized method; (xxii) subspace discriminant analysis; (xxiii) k-nearest neighbours (KNN);
(xxiv) quadratic discriminant analysis (QDA); (xxv) probabilistic principal component Analysis
(PPCA); (xxvi) non negative matrix factorisation; (xxvii) k-means factorisation; (xxviii) fuzzy c-
means factorisation; and (xxix) discriminant analysis (DA).



10

15

20

25

30

35

40

WO 2017/178833 PCT/GB2017/051050
-33-

Analysing the one or more sample spectra may comprise a combination of the foregoing
analysis techniques, such as PCA-LDA, PCA-MMC, PLS-LDA, etc..

Analysing the one or more sample spectra may comprise developing a classification
model and/or library using one or more reference sample spectra.

Analysing the one or more sample spectra may comprise performing linear discriminant
analysis (LDA) (e.g., for classification) after performing principal component analysis (PCA)
(e.g., for dimensionality reduction).

Analysing the one or more sample spectra may comprise performing a maximum margin
criteria (MMC) process (e.g., for classification) after performing principal component analysis
(PCA) (e.g., for dimensionality reduction)

Analysing the one or more sample spectra may comprise defining one or more classes
within a classification model and/or library

Analysing the one or more sample spectra may comprise defining one or more classes
within a classification model and/or library manually or automatically according to one or more
class criteria

The one or more class criteria for each class may be based on one or more of: (i) a
distance (e.g., squared or root-squared distance and/or Mahalanobis distance and/or (variance)
scaled distance) between one or more pairs of reference points for reference sample spectra
within a classification model space; (ii) a variance value between groups of reference points for
reference sample spectra within a classification model space; and (iii) a variance value within a
group of reference points for reference sample spectra within a classification model space.

The one or more classes may each be defined by one or more class definitions.

The one or more class definitions may comprise one or more of: (i) a set of one or more
reference points for reference sample spectra, values, boundaries, lines, planes, hyperplanes,
variances, volumes, Voronoi cells, and/or positions, within a classification model space; and (ii)
one or more positions within a hierarchy of classes.

Analysing the one or more sample spectra may comprise using a classification model
and/or library, for example a classification model and/or library as described above, to classify
one or more sample spectra as belonging to one or more classes of sample.

Analysing the one or more sample spectra may comprise classifying one or more
sample spectra as belonging to one or more classes in a supervised and/or unsupervised
manner.

Analysing the one or more sample spectra may comprise classifying one or more
sample spectra manually or automatically according to one or more classification criteria.

The one or more classification criteria may be based on one or more class definitions.

The one or more class definitions may comprise one or more of: (i) a set of one or more
reference points for reference sample spectra, values, boundaries, lines, planes, hyperplanes,
variances, volumes, Voronoi cells, and/or positions, within a classification model space; and (ii)
one or more positions within a hierarchy of classes.

The one or more classification criteria may comprise one or more of: (i) a distance (e.g.,
squared or root-squared distance and/or Mahalanobis distance and/or (variance) scaled
distance) between a projected sample point for one or more sample spectra within a
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classification model space and a set of one or more reference points for one or more reference
sample spectra, values, boundaries, lines, planes, hyperplanes, volumes, Voronoi cells, or
positions, within the classification model space being below a distance threshold or being the
lowest such distance; (ii) one or more projected sample points for one or more sample spectra
within a classification model space being one side or other of one or more reference points for
one or more reference sample spectra, values, boundaries, lines, planes, hyperplanes, or
positions, within the classification model space; (iii) one or more projected sample points within
a classification model space being within one or more volumes or Voronoi cells within the
classification model space; (iv) a probability that one or more projected sample points for one or
more sample spectra within a classification model space belong to a class being above a
probability threshold or being the highest such probability; and (v) a probability or classification
score being above a probability or classification score threshold or being the highest such
probability or classification score.

By way of example, a number of different analysis techniques will now be described in
more detail.

By way of example, a method of building a classification model using multivariate
analysis of plural reference sample spectra will now be described.

Figure 9 shows a method 1500 of building a classification model using multivariate
analysis. In this example, the method comprises a step 1502 of obtaining plural sets of intensity
values for reference sample spectra. The method then comprises a step 1504 of unsupervised
principal component analysis (PCA) followed by a step 1506 of supervised linear discriminant
analysis (LDA). This approach may be referred to herein as PCA-LDA. Other multivariate
analysis approaches may be used, such as PCA-MMC. The PCA-LDA model is then output, for
example to storage, in step 1508.

The multivariate analysis such as this can provide a classification model that allows an
aerosol, smoke or vapour sample to be classified using one or more sample spectra obtained
from the aerosol, smoke or vapour sample. The multivariate analysis will now be described in
more detail with reference to a simple example.

Figure 10 shows a set of reference sample spectra obtained from two classes of known
reference samples. The classes may be any one or more of the classes of target described
herein. However, for simplicity, in this example the two classes will be referred as a left-hand
class and a right-hand class.

Each of the reference sample spectra has been pre-processed in order to derive a set of
three reference peak-intensity values for respective mass to charge ratios in that reference
sample spectrum. Although only three reference peak-intensity values are shown, it will be
appreciated that many more reference peak-intensity values (e.g., ~ 100 reference peak-
intensity values) may be derived for a corresponding number of mass to charge ratios in each of
the reference sample spectra. In other embodiments, the reference peak-intensity values may
correspond to: masses; mass to charge ratios; ion mobilities (drift times); and/or operational
parameters.

Figure 11 shows a multivariate space having three dimensions defined by intensity axes.
Each of the dimensions or intensity axes corresponds to the peak-intensity at a particular mass
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to charge ratio. Again, it will be appreciated that there may be many more dimensions or
intensity axes (e.g., ~ 100 dimensions or intensity axes) in the multivariate space. The
multivariate space comprises plural reference points, with each reference point corresponding
to a reference sample spectrum, i.e., the peak-intensity values of each reference sample
spectrum provide the co-ordinates for the reference points in the multivariate space.

The set of reference sample spectra may be represented by a reference matrix D having
rows associated with respective reference sample spectra, columns associated with respective
mass to charge ratios, and the elements of the matrix being the peak-intensity values for the
respective mass to charge ratios of the respective reference sample spectra.

In many cases, the large number of dimensions in the multivariate space and matrix D
can make it difficult to group the reference sample spectra into classes. PCA may accordingly
be carried out on the matrix D in order to calculate a PCA model that defines a PCA space
having a reduced number of one or more dimensions defined by principal component axes. The
principal components may be selected to be those that comprise or “explain” the largest
variance in the matrix D and that cumulatively explain a threshold amount of the variance in the
matrix D.

Figure 12 shows how the cumulative variance may increase as a function of the number
n of principal components in the PCA model. The threshold amount of the variance may be
selected as desired.

The PCA model may be calculated from the matrix D using a non-linear iterative partial
least squares (NIPALS) algorithm or singular value decomposition, the details of which are
known to the skilled person and so will not be described herein in detail. Other methods of
calculating the PCA model may be used.

The resultant PCA model may be defined by a PCA scores matrix S and a PCA loadings
matrix L. The PCA may also produce an error matrix E, which contains the variance not
explained by the PCA model. The relationship between D, S, L and E may be:

D=SL"+E
(1

Figure 13 shows the resultant PCA space for the reference sample spectra of Figs. 10
and 11. In this example, the PCA model has two principal components PC, and PC, and the
PCA space therefore has two dimensions defined by two principal component axes. However, a
lesser or greater number of principal components may be included in the PCA model as
desired. It is generally desired that the number of principal components is at least one less than
the number of dimensions in the multivariate space.

The PCA space comprises plural transformed reference points or PCA scores, with each
transformed reference point or PCA score corresponding to a reference sample spectrum of
Figure 10 and therefore to a reference point of Figure 11.

As is shown in Figure 13, the reduced dimensionality of the PCA space makes it easier
to group the reference sample spectra into the two classes. Any outliers may also be identified
and removed from the classification model at this stage.
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Further supervised multivariate analysis, such as multi-class LDA or maximum margin
criteria (MMC), in the PCA space may then be performed so as to define classes and,
optionally, further reduce the dimensionality.

As will be appreciated by the skilled person, multi-class LDA seeks to maximise the ratio
of the variance between classes to the variance within classes (i.e., so as to give the largest
possible distance between the most compact classes possible). The details of LDA are known
to the skilled person and so will not be described herein in detail.

The resultant PCA-LDA model may be defined by a transformation matrix U, which may
be derived from the PCA scores matrix S and class assignments for each of the transformed
spectra contained therein by solving a generalised eigenvalue problem.

The transformation of the scores S from the original PCA space into the new LDA space
may then be given by:

(@)

where the matrix Z contains the scores transformed into the LDA space.

Figure 14 shows a PCA-LDA space having a single dimension or axis, wherein the LDA
is performed in the PCA space of Figure 13. As is shown in Figure 14, the LDA space
comprises plural further transformed reference points or PCA-LDA scores, with each further
transformed reference point corresponding to a transformed reference point or PCA score of
Figure 13.

In this example, the further reduced dimensionality of the PCA-LDA space makes it even
easier to group the reference sample spectra into the two classes. Each class in the PCA-LDA
model may be defined by its transformed class average and covariance matrix or one or more
hyperplanes (including points, lines, planes or higher order hyperplanes) or hypersurfaces or
Voronoi cells in the PCA-LDA space.

The PCA loadings matrix L, the LDA matrix U and transformed class averages and
covariance matrices or hyperplanes or hypersurfaces or Voronoi cells may be output to a
database for later use in classifying an aerosol, smoke or vapour sample.

The transformed covariance matrix in the LDA space V4 for class g may be given by

V'=UT V4 U
(3)
where V, are the class covariance matrices in the PCA space.

The transformed class average position zq4 for class g may be given by

SqU = 24

(4)

where sgq is the class average position in the PCA space.
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By way of example, a method of using a classification model to classify an aerosol,
smoke or vapour sample will now be described.

Figure 15 shows a method 2100 of using a classification model. In this example, the
method comprises a step 2102 of obtaining a set of intensity values for a sample spectrum. The
method then comprises a step 2104 of projecting the set of intensity values for the sample
spectrum into PCA-LDA model space. Other classification model spaces may be used, such as
PCA-MMC. The sample spectrum is then classified at step 2106 based on the project position
and the classification is then output in step 2108.

Classification of an aerosol, smoke or vapour sample will now be described in more
detail with reference to the simple PCA-LDA model described above.

Figure 16 shows a sample spectrum obtained from an unknown aerosol, smoke or
vapour sample. The sample spectrum has been pre-processed in order to derive a set of three
sample peak-intensity values for respective mass to charge ratios. As mentioned above,
although only three sample peak-intensity values are shown, it will be appreciated that many
more sample peak-intensity values (e.g., ~ 100 sample peak-intensity values) may be derived at
many more corresponding mass to charge ratios for the sample spectrum. Also, as mentioned
above, in other embodiments, the sample peak-intensity values may correspond to: masses;
mass to charge ratios; ion mobilities (drift times); and/or operational parameters.

The sample spectrum may be represented by a sample vector d,, with the elements of
the vector being the peak-intensity values for the respective mass to charge ratios. A
transformed PCA vector sy for the sample spectrum can be obtained as follows:

d,L=s,
(5)

Then, a transformed PCA-LDA vector zx for the sample spectrum can be obtained as
follows:

s, U =12z,

©)

Figure 17 again shows the PCA-LDA space of Figure 14. However, the PCA-LDA space
of Figure 17 further comprises the projected sample point, corresponding to the transformed
PCA-LDA vector z,, derived from the peak intensity values of the sample spectrum of Figure 16.

In this example, the projected sample point is to one side of a hyperplane between the
classes that relates to the right-hand class, and so the aerosol, smoke or vapour sample may
be classified as belonging to the right-hand class.

Alternatively, the Mahalanobis distance from the class centres in the LDA space may be
used, where the Mahalanobis distance of the point z, from the centre of class g may be given by
the square root of:

(Zx'zg)T (V,g)-1 (2x-24)
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(8)

and the data vector d, may be assigned to the class for which this distance is smallest.

In addition, treating each class as a multivariate Gaussian, a probability of membership
of the data vector to each class may be calculated.

By way of example, a method of building a classification library using plural input
reference sample spectra will now be described.

Figure 18 shows a method 2400 of building a classification library. In this example, the
method comprises a step 2402 of obtaining plural input reference sample spectra and a step
2404 of deriving metadata from the plural input reference sample spectra for each class of
sample. The method then comprises a step 2406 of storing the metadata for each class of
sample as a separate library entry. The classification library is then output, for example to
electronic storage, in step 2408.

A classification library such as this allows an aerosol, smoke or vapour sample to be
classified using one or more sample spectra obtained from the aerosol, smoke or vapour
sample. The library based analysis will now be described in more detail with reference to an
example.

In this example, each entry in the classification library is created from plural pre-
processed reference sample spectra that are representative of a class. In this example, the
reference sample spectra for a class are pre-processed according to the following procedure:

First, a re-binning process is performed. In this embodiment, the data are resampled
onto a logarithmic grid with abscissae:

m M
Xi = NchanlogM ) /lOg Mm(?tx
min min

where N, is a selected value and | x| denotes the nearest integer below x. In one
example, Ny, is 2'* or 4096.

Then, a background subtraction process is performed. In this embodiment, a cubic
spline with k knots is then constructed such that p% of the data between each pair of knots lies
below the curve. This curve is then subtracted from the data. In one example, k is 32. In one
example, p is 5. A constant value corresponding to the q% quantile of the intensity subtracted
data is then subtracted from each intensity. Positive and negative values are retained. In one
example, q is 45.

Then, a normalisation process is performed. In this embodiment, the data are
normalised to have mean y;. In one example, y; = 1.

An entry in the library then consists of metadata in the form of a median spectrum value
u; and a deviation value D; for each of the N,,,, points in the spectrum.

The likelihood for the i'th channel is given by:
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Pr(yili, DY) 1 ¢ 2o 1
r(yilui, D) = —
YaHe B0 = Jmrc —1/2) i — )2\
C+ lDZl
i

where 1/2 £ C < »= and where I'(C) is the gamma function.

The above equation is a generalised Cauchy distribution which reduces to a standard
Cauchy distribution for € = 1 and becomes a Gaussian (normal) distribution as C — «. The
parameter D; controls the width of the distribution (in the Gaussian limit D; = ; is simply the
standard deviation) while the global value C controls the size of the tails.

In one example, C is 3/2, which lies between Cauchy and Gaussian, so that the
likelihood becomes:

31 1
Pr(yilu, D) = o~
U ADi(3/2 4 (v, — pp2/02)Y

For each library entry, the parameters y; are set to the median of the list of values in the

i'th channel of the input reference sample spectra while the deviation D; is taken to be the
interquartile range of these values divided by V2. This choice can ensure that the likelihood for
the i'th channel has the same interquartile range as the input data, with the use of quantiles
providing some protection against outlying data.

By way of example, a method of using a classification library to classify an aerosol,
smoke or vapour sample will now be described.

Figure 19 shows a method 2500 of using a classification library. In this example, the
method comprises a step 2502 of obtaining a set of plural sample spectra. The method then
comprises a step 2504 of calculating a probability or classification score for the set of plural
sample spectra for each class of sample using metadata for the class entry in the classification

library. The sample spectra are then classified at step 2506 and the classification is then output

in step 2508.

Classification of an aerosol, smoke or vapour sample will now be described in more
detail with reference to the classification library described above.

In this example, an unknown sample spectrum y is the median spectrum of a set of
plural sample spectra. Taking the median spectrum y can protect against outlying data on a
channel by channel basis.

The likelihood L for the input data given the library entry s is then given by:

Nchan

Ly =Pr(y|u, D) = 1_[ Pr(y;lpw, Dy)

i=1

where p; and D; are, respectively, the library median values and deviation values for
channel i. The likelihoods L, may be calculated as log likelihoods for numerical safety.
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The likelihoods L are then normalised over all candidate classes s’ to give probabilities,
assuming a uniform prior probability over the classes. The resulting probability for the class § is
given by:

1/F)
Pr(8ly) = 5
Z L(l/F)

SHs

The exponent (1/F) can soften the probabilities which may otherwise be too definitive.
In one example, F = 100. These probabilities may be expressed as percentages, e.g., in a user
interface.

Alternatively, RMS classification scores Ry may be calculated using the same median
sample values and derivation values from the library:

1 Nchan( )2
Yi— Hi

Rs(y, 1, D) = é —

Nchan =1 Di

Again, the scores R, are normalised over all candidate classes ’s’.

The aerosol, smoke or vapour sample may then be classified as belonging to the class
having the highest probability and/or highest RMS classification score.

Any of the methods provided herein may optionally include a step of using one or more
additional analytical tools. Such a tool may, for example, be selected from microscopic
examination; nucleic acid analysis, for example, using restriction enzymes, hybridisation,
polymerase chain reaction (PCR) amplification and/or sequencing; and/or testing for antigens.
Such tools are well known in the art.

Data acquisition may, e.g., involve one or more of the following. The instrument may,
e.g., be a medimass REIMS source on Xevo G2-XS QTof. The aerosol may, e.g., be analysed
directly (no Venturi), or involve a Venturi such as a Venturi air jet pump-based ion transfer
apparatus.

Sampling may, e.g., involve a diathermy generator and monopolar cutting electrode
device, which may, e.g., be used to make 3-5 s burns. The plant material may, e.g., be placed
on wetted tissue and “burns” sampled using the above-mentioned cutting device. Data
acquisition may, e.g., use Tof MS in sensitivity mode; a scan rate of, e.g., 1 scan/ s; polarity
which may, e.g., be negative & positive polarity; a mass range of, e.g., 50-1200 m/z; and/or
diathermy settings of, e.g., autocut mode 20 w.

Data analysis may, e.g., involve a progenesis QI bridge tool (RC3) and Progenesis Ql
v.2.2; an internal lockmass correction, e.g., applied on 255.2324 (palmitic acid); adaptive
background subtraction; and/or a direct ionisation workflow.

Although the present invention has been described with reference to preferred
embodiments, it will be understood by those skilled in the art that various changes in form and
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detail may be made without departing from the scope of the invention as set forth in the
accompanying claims.

Example 1 - Plant speciation and determination of herbicide susceptibility

Species of weed grass were sampled using a diathermy generator and monopolar cutting
electrode device (referred to herein as iKnife technology). Details of the species are given in
Table 1.1

Table 1.1
. ) Target site resistant Multiple herbicide resistant

Species Wild-type (TS??) (MHI%
Alopecurus Pellium ) )
myosuroides (B-G PEL)
Alopecurus ) Oxford )
myosuroides (B-G Ox)
Alopecurus i Nottingham i
myosuroides (B-G Nots)
Alopecurus ) ) Rothamsted
myosuroides (B-G Roth)
Lollium Rve arass i i
rigidum yeg

Leaves were removed from growing 2 week old cultured seedlings and directly sampled
using the device. The aerosol/smoke generated from the grass was transferred to a mass
spectrometer. In some experiments, this was done by a Venturi air jet pump-based ion transfer
apparatus mounted in the orthogonal position relative to the atmospheric interface of a time of
flight mass spectrometer, but in others, the aerosol/smoke generated from the grass was
analysed directly without the use of a Venturi air jet pump-based ion transfer apparatus. A
database of spectra was acquired in negative ion mode over 50-1200 m/z range and MVA
models were created using Principal Components Analysis (PCA) for data reduction followed by
Linear Discriminant Analysis (LDA). Spectra obtained from the test samples were compared to
the model in real time giving a species level identification.

Using this method, the inventors were able to rapidly differentiate between leaf material
originating from seedlings of various types of black-grass or ryegrass (see Table 1.1) based on
differences in spectral features, particularly across the mass range 50-1200 m/z in negative
ionization mode.

A minimum of 3 biological replicates per species with 20 technical replicates of each
specimen were used for robust model training. The full spectral fingerprint was subjected to
PCA in order to reduce the data dimensionality and remove noise, followed by a LDA for
classification. The models were subsequently verified with cross-validation and independent test



10

15

WO 2017/178833 PCT/GB2017/051050

-42-

set challenges. For results refer to Fig. 2, which shows a clear separation between rye grass
and black grass, as well as a good separation between different black grass species; and Fig. 3
and Fig. 4, which show a clear separation between rye grass and the combined black grasses.

The acquired spectra featured fatty acids and very long chain fatty acids in the 150-500
my/z region, glycerophospholipids in the 600-900 region and triglycerides in the 900-1000 region
in all cases. Several other small molecular weight compounds including members of the
polyphenol (flavones-C-glyocides and anthocyanins); fatty acid and aromatic acid classes
previously characterized in conventional ESI HRMS based metabolomics studies were also
identified following REIMS technology analysis operated in the MS/MS acquisition mode.

The different plant species could be distinguished, in particular based on the profile of
glycerophospholipid compounds, especially those belonging to the phosphatidyl-ethanolamine
(PE), phosphatidyl-choline (PC) and/or phoshatidyl-inositol (Pl) classes. These alterations in
membrane composition are associated with herbicide tolerance traits. Thus, the method may
be used to analyse susceptibility to herbicides.

A list of compounds that were found to be more or less abundant in one or more species
compared to one or more other species tested is shown in Table 1.2.

Table 1.2
m/z Peak IDs | Anova (p) | Max fold | Highest Lowest Max
Width change | mean mean abundance
155.0360 0.17 1 517E-07 | 71.2 Lollium BG Pel 11.8327
295.0697 0.17 1 4 4E-05 3.97 Lollium BG Pel 53.2282
349.2758 0.17 1 0.00298 4.26 BG Pel Lollium 23.4406
387.1298 0.17 2 0.12 Infinity BG Roth BG Nots 5.6713
407.1135 0.17 12 | 0.0685 8.55 BG Roth BG Pel 8.0085
435.1518 0.17 0 0.491 Infinity BG Roth BG Oxford | 3.6905
479.2577 0.13 1 0.471 Infinity BG Oxford BG Nots 0.0921
517.1728 0.17 1 0.141 Infinity Lollium BG Nots 2.5067
560.4678 0.17 1 0.446 Infinity BG Oxford BG Roth 2.5142
579.4373 0.17 0 0.719 Infinity BG Roth BG Nots 1.4880
596.2097 0.17 0 0.528 1.54 BG Roth BG Nots 9.5520
665.2402 0.15 1 0.345 Infinity BG Pel BG Nots 2.5134
669.5659 0.13 1 0.509 Infinity BG Oxford BG Nots 0.0925
677.3451 0.17 1 0.519 Infinity BG Roth BG Nots 2.4189
739.3429 0.15 0 0.604 Infinity BG Oxford BG Nots 0.6394
739.4558 0.17 6 0.119 8.78 BG Oxford Lollium 10.6035
741.4758 0.17 13 | 0.000229 | 3.15 BG Pel Lollium 383.2134
742.4819 0.17 1 8.06E-05 | 3.18 BG Pel Lollium 198.0521
743.4941 0.17 11 | 2.64E-05 |4.76 BG Oxford Lollium 478.4930
744.0069 0.17 0 0.02 Infinity Lollium BG Nots 9.56827
744 .4981 0.17 1 2.93E-05 |4.73 BG Oxford Lollium 192.2238
745.0070 0.17 0 0.02 Infinity Lollium BG Nots 5.5903
749.4260 0.13 1 0.534 Infinity BG Pel BG Roth 0.0719
779.4627 0.15 1 0.0435 Infinity BG Oxford BG Nots 7.5642
855.7002 0.17 1 0.431 Infinity BG Pel BG Roth 0.5591




WO 2017/178833 PCT/GB2017/051050

-43-
941.8797 0.17 0 0.0143 Infinity BG Roth BG Nots 10.1974
942.8790 0.17 0 0.144 Infinity BG Roth BG Nots 3.6316

976.7251 0.17 1 0.017 Infinity BG Oxford BG Nots 12.8782
1021.5873 | 0.17 1 0.31 5.71 BG Pel BG Nots 13.0680
1033.6467 | 0.17 0 0.114 Infinity BG Roth BG Nots 12.9027
1058.0204 | 0.17 1 0.000171 | Infinity Lollium BG Nots 14.7535

The compounds were identified through database searches based on their determined m/z.
Identification details are shown for selected compounds in Table 1.3.

Table 1.3
m/z Description Adducts | Formula Score | Mass error
(Ppm)
749.4260 | Common name: M-H Cs7He7O45P 32.5 1.74
P1(14:1(92)/14:1(92))
Systematic name: 1,2-di-(9Z-
tetradecenoyl)-sn-glycero-3-
phospho-(1'-myo-inositol)
517.1728 | Phellodensin E - Ca6H30011 34.1 2.4
742.4819 | Phosphatidylethanolamine (38:7) - C43H7oNOgP 0.28

387.1298 | Secologanin* C17H24010 |36.2 0.24

Verbenalin* C17H24010 |36.2 0.24

743.4941 | PG(18:3(6Z,92,122)/16:0)** CaoH75010P 30.5 9.78

PG(18:3(9Z,12Z,152)/16:0)** CaoH75010P 30.5 9.78

PG(20:3(8Z,11Z2,142)/14:.0)** CaoH730410P 30.5 9.78

PG(20:2(11Z,14Z)/14:1(9Z))** CiHOxP | 305 | 9.78

PG(17:2(9Z,12Z)/17:1(9Z))** CiH700P | 305 | 9.78

PG(18:2(9Z,122)/16:1(9Z))** CiH70xP_ | 305 | 9.78

PG(17:1(92)/17:2(9Z,12Z))** CiH70P_ | 305 | 9.78

PG(16:1(92)/18:2(9Z,12Z))**

CaoH730410P 30.5 9.78

PG(14:1(92)/20:2(11Z,142))**

CaoH730410P 30.5 9.78

PG(16:0/18:3(92,12Z,152))** CaoH73010P 30.5 9.78

SEEEEEEEEEEEEEE
IT|IT|IT|IT|T|T|IT|XT ||| ||

PG(16:0/18:3(6Z,92,127))** CaoH75010P 30.5 9.78

*= two possible identifications
**= 11 possible identifications

Fig. 5 shows an OPLS-DA loadings plot, which shows the m/z of compounds that are
particularly abundance in black grass (bottom left quadrant) or in rye grass (top right quadrant).
Thus, it can be seen that the following are examples of m/z of compounds that were particularly
highly abundant in black grass: 743.4941; 741.4758; 815.5041; 837.4927; 745.5052; 742.4819;
861.7405; 833.7086; 744.4981; 816.5106; 505.2589; 838.4946; 555.2222; 833.5289; 746.5073,;
839.4948; 78.9608; 817.5112; 831.5120; 862.7454; 833.7086; and 861.7405. The following are
examples of m/z of compounds that were particularly highly abundant in rye grass: 140.0263;
90.0115; 115.0312; 166.0423; 165.0455; 192.0537; 193.0453; and 139.0313.
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Fig. 6 highlights that the method may be used to distinguish between (i) multiple
herbicide resistant; (ii) target site resistant; and (iii) wild type (herbicide sensitive) plants.

Fig.7 shows certain phospholipids that were determined to be downregulated in multiple
herbicide resistant black grass compared to wild type black grass. BG Pel stands for black
grass Pellium; B... stands for black grass Rothamsted; and L...stands for Lollium rigidum. The
relative abundance of various compounds denoted by their m/z (567.21 and so on) is shown for
each of these species. The median is shown as a white line. The compound with m/z 719.48 is
a PA(38:6), the compound with m/z 743.49 is a PG(34:3), the compound with m/z 744.50 is a
PE(36:1), the compound with m/z of 754.51 is a PG(34:2) and the compound with m/z of 815.50
is a PG(P-41:8).

Example 2 plant phenotyping and analysis of drought response using REIMS technoloqy
analysis

Pansies with 2 different genotypes and phenotypes, namely purple (ocean) or white blotch were
either watered as normal (control) or exposed to drought. Leaves were either sampled in situ,
i.e. on the plant, or removed from the plant prior to sampling. Sampling was carried out using
bipolar forceps. The aerosol/smoke generated from the leaves was transferred to a mass
spectrometer. MVA models were created using Principal Components Analysis (PCA) for data
reduction followed by Linear Discriminant Analysis (LDA). As can be seen in Fig. 8A-B, the
method allowed a distinction to be made between the purple and the white blotched genotypes
and phenotypes. Moreover, the method allowed a distinction to be made between plant that had
been watered and plants that had been exposed to drought.

Example 3 Analysis of viral infection
Virally-infected and healthy samples of leaves from a variety of different plant species were
analysed.

Test plants (both healthy and infected forms were used)
1- paprika (species: Galga, Capsicum annum)
Infected with TSWV (tomato spotted wilt virus)

2- Nicotiana benthamiana Domin

2.1- Infected with TSWV (tomato spotted wilt virus)

2.2- Infected with a Cucumber Mosaic virus subspecies (mainly a cucumber mosaic virus, CMV,
which contains fragments of peanut stunt virus, PSV) showing mainly CMV virus symptoms.
2.3- Infected with CMV RS isolate

3- Nicotiana tabacum L. cv. Xanthi nc

3.1- Infected with TSWV (tomato spotted wilt virus)

3.2- Infected with a Cucumber Mosaic virus subspecies (mainly a cucumber mosaic virus, CMV,
which contains fragments of peanut stunt virus, PSV) showing mainly CMV virus symptoms.
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4- Phaseolus vulgaris L. Minidor
4.1- Infected with CMV-Y. This virus systematically infects the plant
4.2- Infected with CMV-S. This virus only infects the leaves at the point of inoculation.

Instruments and settings used:

-Atmospheric Interface chamber: Waters interface, Direct IPA Setup
-Aesculight AE 10 IR Laser (10.6 um)

-Smoke sampling tools: Tecan EVO 75

- MS: Waters Xevo G2-XS QTOF

-Solvent dosing: Leucine enkephaline with the flow rate of 0.20 mL/min.

Aesculight Laser in CW P1 (Continous Wave) and SP A1 (Superpulse) mode were used.

All the leaves were burned on the superior side and the inferior side.

An exemplary PCA plot is shows in Fig. 20, which illustrates that healthy parts of a leaf can be
distinguished from virally infected ones.

Cross-validation was carried out. The cross-validation result was a correct classification rate of
100%, showing that infected leaves can be separated from healthy leaves, and the inferior and
the superior part of the leaf can also be distinguished.

Conclusions

Infected and healthy plant leaves can be differentiated based on the REIMS fingerprint of the
plant, using the statistical methods mentioned herein including Principal Component Analysis
(PCA) and/or Linear Discriminant Analysis (LDA).

Although the spectral signal of the superior and inferior of the leaves is not identical, it does not
interfere with the separation of infected and healthy leaves. Thus, the method may be used to
detect and identify a biotic stress, such as a viral infection.

The fragmented species (MSMS spectra) suggest that there are glycerophospholipids in the
signal from virally infected plants.

Example 4 Analysis of fungal infection
In order to assess the ability of rapid evaporative ionization mass spectrometry analysis
to detect fungal infection of leaves, a visibly apparent model was chosen.

The Tar spot leaf disease is caused by the fungus Rhytisma acerinum, commonly seen on the
leaves of the Sycamore tree though can also affect other acer species. REIMS analysis was
conducted on the visible ‘tar spots’ as well as on apparent unaffected regions of the same leaf.
Sampling was carried out using Waters Synapt G2S with medimass REIMS source.
No isopropyl alcohol dosing was used in this Example. Erbe surgical power supply with power
set to 30W and cut mode used. Wetting of the leaves was required in some instances.
Spectra from the unaffected regions of multiple leaves were compared to those taken
from the visible backspot regions. Upon the analysis of these spectra by unsupervised analysis
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technique- in this instance principal component analysis, the ability to differentiate these two
components of the leaf was apparent, as shown in Fig. 21.

Thus, the multivariate separation was clear between the two regions. The spectrum of
the infected area was determined to have a distinct chemical signature, particularly in the m/z
50-1200 range. Many of the differences between the infected and uninfected regions appear to
be lipid species within the spectra that are related to the cellular components of the fungus
present in the leaf, whilst the spectra from the unaffected regions much more closely resembles
spectra taken from a range of other plant samples.
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Claims
1. A method of analysis using mass spectrometry and/or ion mobility spectrometry
comprising:

(a) using a first device to generate smoke, aerosol or vapour from a target plant
material;

(b) mass analysing and/or ion mobility analysing said smoke, aerosol or vapour, or ions
derived therefrom, in order to obtain spectrometric data; and

(c) analysing said spectrometric data in order to identify and/or characterise said plant
material.

2. A method according to claim 1, wherein the step of analysing comprises analysing
said spectrometric data in order to (i) analyse the identity of said plant material ; (ii)
analyse the genotype and/or phenotype of said plant material; (iii) analyse the
susceptibility and/or response of said plant material to an abiotic or biotic stress; (iv)
analyse the effect of manipulating the genotype and/or phenotype of said plant
material; (v) analyse the production of a compound by said plant material; (vi) analyse
the utilisation of a substance by said plant material; (vii) analyse the viability of said
plant material; (viii) analyse the disease and/or stress state of said plant material;
and/or (ix) analyse a compound or biomarker in said plant material.

3. A method according to any preceding claim, wherein the step of analysing comprises
analysing said spectrometric data in order to identify the plant material at the species
or strain level.

4. A method according to any preceding claim, wherein the step of analysing comprises
analysing said spectrometric data in order to determine and/or monitor the
susceptibility and/or response of said plant material to an abiotic or biotic stress
selected from exposure to (i) one or more herbicides; (ii) drought; (iii) high salinity; (iv)
water logging; (v) radiation; (vi) nutrient and/or mineral deficiency; (vii) pesticides; (viii)
toxins; (ix) heat; (x) frost;(xi) alkaline or acidic conditions; (xii) a virus; and/or (xiii) a
fungus.

5. A method according to claim 4, wherein said method comprises exposing the target
plant material to an abiotic and/or biotic stress prior to step (a) of claim 1.

6. A method according to any preceding claim, wherein said plant material is a member
of the grass family such as wheat, rice, corn, rye, barley, oat, sorghum, wild rice,
and/or millet.

7. A method according to any preceding claim, wherein said plant material is mutant
and/or transgenic or comprises mutant and/or transgenic cells.

8. A method according to any preceding claim, wherein said plant material is diseased
and/or stressed.

9. A method according to any preceding claim, wherein (i) the identity of said plant
material is known; (ii) the identity of said plant material is unknown; (iii) the plant
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material has a suspected identity; (iv) the authenticity of the plant material is
unconfirmed; or (v) the authenticity of the plant material is confirmed.

A method according to any preceding claim, wherein said method comprises analysing
said spectrometric data in order to analyse the effect of a genotype and/or phenotype
manipulation on said plant material, wherein said method optionally comprises
manipulating the genotype and/or phenotype of the target plant material prior to step
(a) of claim 1

A method according to any preceding claim, wherein said method comprises analysing
said spectrometric data in order to analyse the effect of a genotype and/or phenotype
manipulation on the susceptibility and/or response of a plant material to an abiotic
and/or biotic stress.

A method according to any preceding claim, comprising exposing said plant material
to a substance comprising or consisting of one or more heavy isotopes and/or radio-
tracers prior to step (a) of claim 1, wherein said method optionally comprises analysing
said spectrometric data in order to analyse whether and/or how the heavy isotope, or a
substance comprising or consisting of one or more heavy isotopes, is used by the
plant material.

A method according to any preceding claim, comprising analysing said spectrometric
data in order to analyse the stress and/or disease state of said plant material and
further comprising a step of determining whether the growth conditions of said plant
material should be altered, e.g., whether the exposure of the plant material to stress
should be manipulated, optionally one or more stress factors should be added,
increased, decreased or removed.

A method according to claim 13, further comprising altering the growth conditions of
said plant material accordingly.

A method as claimed in any preceding claim, comprising analysing said spectrometric
data to determine the presence and/or absence of one or more compounds and/or one
or more biomarkers in or on said plant material.

A method according to claim 15, comprising determining from said spectrometric data
whether or not: (i) one or more biomarkers are expressed; (i) one or more biomarkers
are expressed at a higher level relative to a predetermined level; or (iii) one or more
biomarkers are expressed at a lower level relative to a predetermined level.

A method according to any preceding claim, comprising correlating a plant material
phenotype and/or genotype with a spectrometric biomarker.

A method according to any one of claims 15-17, wherein said biomarker is a
phospholipid or phospholipid profile, wherein the phospholipid is optionally selected
from glycerophospholipids such as (i) phosphatidic acids (PA); (ii)
phosphatidylethanolamines (PE); (iii) phosphatidylglycerols (PG); (iv)
phosphatidylserines (PS); (v) phosphatidylcholines (PC); and/or (vi)
phosphatidylinositols (PI).

A method according to any preceding claim, comprising determining based upon said
spectrometric data that one or more glycerophospholipids are expressed at a lower
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level relative to a predetermined level and based upon said determination determining
that said plant material is resistant to one or more herbicides.

A method according to claim 19, wherein said glycerophospholipids are selected from
one or more of PA(38:6), PG(34:3), PE(36:1), PG(34:2) and PG(P-41:8) and optionally
said plant material is black grass.

A method according to any preceding claim, wherein said target plant material is a first
target sample and said spectrometric data is first spectrometric data; and wherein the
method further comprises generating aerosol, smoke or vapour from a second,
different target plant material sample; mass analysing and/or ion mobility analysing the
aerosol, smoke or vapour generated from the second target sample, or ions derived
therefrom, so as to obtain second spectrometric data; and comparing the first and
second spectrometric data to determine differences between the first and the second
target samples.

A method according to claim 21, wherein said first target sample and said second
target sample are samples from a first and second separate plant material.

A method according to claim 22, wherein said first plant material was exposed to a first
abiotic or biotic stress factor and said second plant material was not exposed to said
first abiotic or biotic stress factor, and said method comprises analysing said first and
second spectrometric data to analyse the effect of said first abiotic or biotic stress
factor on the first plant material.

A method according to claim 22 or claim 23, wherein said second plant material was
exposed to a second abiotic or biotic stress factor and said first plant material was not
exposed to said second abiotic or biotic stress factor, and said method comprises
analysing said first and second spectrometric data to analyse the effect of said second
abiotic or biotic stress factor on the second plant material.

A method according to any one of claims 22 to 24, wherein said first plant material
comprises a first genetic modification and said second plant material does not
comprise said first genetic modification, and said method comprises analysing said
first and second spectrometric data to analyse the effect of said first genetic
modification.

A method according to any one of claims 22 to 25, wherein said first plant material
comprises a first genetic modification and said second plant material comprises a
second genetic modification, and said method comprises analysing said first and
second spectrometric data to analyse the effect of said second genetic modification.

A method according to any one of claims 25 to 26, wherein said first plant material and
said second plant material are isogenic except for said first and/or second genetic
modification.

A method according to claim 21, wherein said first target sample and said second
target sample are samples taken from a single plant material at a first time and a
subsequent second time respectively.

A method according to claim 28, wherein said plant material was exposed to a first
abiotic or biotic stress factor after said first sample was obtained but before said
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second sample was obtained, and the method comprises analysing said first and
second spectrometric data to analyse the effect of said first abiotic or biotic stress
factor on said plant material.

30. A method according to any one of claims 21 to 29 further comprising generating
aerosol, smoke or vapour from one or more further target samples; mass analysing
and/or ion mobility analysing the aerosol, smoke or vapour generated from said further
sample(s), or ions derived therefrom, so as to obtain further spectrometric data; and
comparing the first and/or second spectrometric data with said further spectrometric
data to determine differences between the further target sample(s) and the first and/or
second target samples.

31. A method according to claim 30, wherein said further target sample(s) is/are sample(s)
from further separate plant material(s) or wherein said further target sample(s) is/are
sample(s) taken from a single plant material at a subsequent further time.

32. The method of any preceding claim, comprising using the first device to generate
aerosol, smoke or vapour from multiple different regions on the target.

33. The method of claim 32, comprising mass analysing and/or ion mobility analysing said
aerosol, smoke, vapour or ions derived therefrom for aerosol, smoke, vapour
generated at each of said different regions so as to obtain said spectrometric data for
the different regions, and correlating the spectrometric data to its respective region on
the target so as to provide ion imaging or map data for the target.

34. The method of claim 33, comprising converting the spectrometric data for each region
into data representative of the compounds at said regions in the target, and optionally
displaying the representative data as an ion image or map showing the compounds as
a function of location in the target.

35. The method of claim 34, comprising identifying and/or displaying the location and/or
margins between different types of compounds in the target.

36. A method according to any preceding claim, wherein said step of using said first device to
generate aerosol, smoke or vapour from said target plant material comprises contacting
said target plant material with one or more electrodes and applying an AC or RF voltage
to said one or more electrodes in order to generate said aerosol, smoke or vapour.

37. A method as claimed in any preceding claim, comprising using a rapid evaporation
ionization mass spectrometry (“REIMS”) device to generate the aerosol, smoke or vapour.

38. A method as claimed in any preceding claim, comprising causing said aerosol, smoke or
vapour, or analyte therein, to impact upon a collision surface so as to generate said ions
derived from the aerosol, smoke or vapour.

39. Apparatus comprising: (a) a first device for generating smoke, aerosol or vapour from a
target plant material; (b) a mass spectrometer and/or ion mobility spectrometer for
analysing said smoke, aerosol or vapour, or ions derived therefrom, in order to obtain
spectrometric data; and(c) a processor adapted to analyse said spectrometric data in
order to identify and/or characterise said target plant material.

40. An apparatus as claimed in claim 39, wherein the apparatus is arranged and adapted to
perform the method of any one of claims 1-38.
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Fig. 4

Scores Comp[1] vs. Compl3] vs. Comp{2]. colored by Condition
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Fig. 6

Scores Comp[1] vs. Num vs.Comp[2]. colored by Condition
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Fig. 9
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Fig. 12
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Fig. 18
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Fig. 21
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