WO 03/ 081506 PCT/ CA03/00389 METHOD OF VI SUALI ZI NG NON- TARGETED METABOLOM C
DATA GENERATED FROM FOURI ER TRANSFORM | ON CYCLOTRON RESONANCE MASS
SPECTROVEWBRS/08150h1e present invention relates to nethods @cTdisgplesgpng dat a
fromanalytical instruments. Mre specifically, the present invention
relates to nmethods of displaying data from mass spectroscopy instrunments

and data structures containi N such_dat a. BACKGROUND OF THE | NVENTI ON 10
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bi ol ogi cal extracts.. The final output from such analyses is the masses and

intensities.,of observed. netabolites.,The.msses be used.to. determ ne
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nmetabolite present in"thée sanple. By conparing the netabolite profiles of
di fferent bpettogbasi in2tusentpiekdatasttwhots cantaiapgech ¢dm be observed. These
bi ochem cal changes can then be wused to understand the effect of the
experinmental event. Al though nmultiple visualization tools have been

devel oped t F’@k@mﬁg iNgLEP?ﬂQ) chromat ogr aphi ¢ data as wel |l as
dat abases t]gAg ore, or g?ﬁ?@ﬁfan sear cl\% this type of 25 data, these tools

work ofgy for targeted anal yses of known nol ecules. Currently, there is no
effective way to display or organize information fromnultiple non-targeted
sanpl e analMstebolita profilingtis an gmerging friefice dhatys v an detprroidnmesneifangtisnabol it e

profiles. e abi.lity.to view.and interpret |arge, apmpunts.of netapolite
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diseases. Non-targeted metabolic profiling using FT-ICR-MS identifies a large number

15  of metabolites from complex biological extracts. The final output from such analyses
is the masses and intensities of observed metabolites. The masses can be used to
determine the molecular formulas, and thus the identity of the metabolites present in
the sample, whereas the intensity is used to determine the amhount of the metabolite
present in the sample. By comparing the metabolite profiles of different biological

20  samples, metabolite changes can be observed. These biochemical changes can then be

used to understand the effect of the experimental event.

Although muitiple visualization tools have been developed to display mass spectral and
chromatograbhjc data as well as databases to store, organize, and search this type of
25 - data, these tobls‘ work. only for targeted analyses of known mblecules. Currently, there
is no effective way to display or 6rganize information from multiple non-targeted

sample analyses such that a user can quickly identify changes in metabolite profiles.

The ability to view and interpret large amounts of metabolite data is a rate-limiting step
. ( ° . N
30 in the study of biological systems using non-targeted metabolomic methods. The

creation of a process that would allow users to quickly interpret and report their



creation of a process that would allow users to quickly interpret and
report their WD 03/081506 PCT/ CA03/00389 -2 findings would dramatically
reduce thwotosneisaqid t hus the cost of functional genom cs PaTidA03/00839
non-targeted nmetabolom cs. There is a need in the art for novel nethods of
di spl ayi ng data obtained by analytical-25 instruments. Further, there is a
need in the art for novel .nmethods of displaying or. visualizing data from
| ar ge nunbémdings wad depmgtically rdnes e timy ans thuhde sostoffunesinmal genonties ar t
for nethods,.and datg structures to organize and display in a 2-D array

f or mat ngﬂﬁF%d‘é’P%ﬁrgﬁ%a%%?Wiﬁwcﬁata arising fromFT-1CR-MB. There is
also a need to link the displayed data to additional databases to
characterize or analyse further the 10 displayed data. It is an object of
t he presentTherevisratnesd in thearefor aweeldnsthodsaoft digpdaying ddath ebpinedrbyaaralyticihe
above object is nmet by a conbination of the features of the main, clains.
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conpongnt s d\efyel Aa@ach conponent i-s characterized by an ordered pair
(X,Y) of data Conprising data el enent val ue X and data el enent val ue Y,
wherein X is a data el ement val ue equivalent or directly proportional to

the mass of the 30 conponent, and Y is a data el ement value equival ent or
directly propcnqbaract ths Arrent EWBEELRHBfOVFFFé’H%?oﬁi?&H%‘H?g,CS of the prlor art.

The above object is met by a combination of the features of the main claims. The sub

15  claims disclose further advantageous embodiments of the invention.

SUMMARY OF THE INVENTION

20  The present invention relates to methods of displaying data from analytical instruments.
More specifically, the present invention relates to methods of displaying data from mass

spectroscopy instruments and data structures containing such data.

Accbrding to the present invention there is provided a method of displaying
25  spectroscopic data comprising the steps of,

i) obtaining spéctroscopié data from a plurality of samples, each sample
conipi:ising one or more componenfs wherein each cdmponerit is characterized by an
ordered pair (X,Y) of data comprising data element value X and data element value Y,
wherein X is a data element value equivalent or directly proportional to fhe mass of the

30  component, and Y is a data element value equivalent or directly proportional to the

amount of the component;



WO 03/ 081506 PCT/ CA03/00389 -3 ii) identifying all unique conponents
conprising a common data elenent value X in said sanples; conputing the
aver age oWwoaBlosteoe t heref rom and deternmining the averagepramdcavpooisnal |y
the standard deviation for all Y values_fromall ordered data pairs
conprising a common X, and;- 5 iii) gené?‘ati ng a data structure conprising
an array of codable cells, each cell color coded or assigned an
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visualizing multiple FT-1CR-M5 netabolite analysis data files that contain

mass and i roensising a coahmes X, Tk et hod conpri ses the following steps: i)
selecting the files that are to be vjsualized; ii) canbinjng all of the
sel ect Y f illLbEenCEiBE AR SEYSHTe gMprISINGAN fFay %@éﬁ%ﬁ P%lggea%sg&e%mdﬁa to

their mass,_ | dent. i f yi . i . in
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uni que MasSIAQE doRBonaMaTaBet iarRdcls banibsanslevinatiadon 6f a plodeteimhiass vilues
observed and the nunber of files in which the unique mass is found is

det er m ned.orjother charaetetisity of thatngcescapicets. conpri sing a two di mensi onal
(2-D) -array in which 20 the unique mass |ist defines the vertical axis
and the nunber of files selected defines the horizontal axis. The anount

of thejgret afy 'eE,eao%ﬁﬁlg% ﬂrt]lg‘ Pfﬁs&&'iﬁv ohthez€ld Frodfitl 321?@6%0& @Fsumiih' cal

and horizontal axis co es according to a user- ned col or code.
The user mayultiglepFOMICRMS hetabplitecmabyfsisvdaavfitey thhecalatia massaand mersgy of
ways, for exanple, but not limted to, by a) observed netabolite

i ntensity; Wussh&he methpdpompsisgsthedpliagiesiershe observed intensity to the

o0 ot AP B e 1 05 sl ot o) the ratio

ii) combining all of the selected files together, sorting all of the metabolites

15 according to their mass, and identifying all of the unique ﬁasses that are present in all |

of the selected files. The average and standard deviation of each unique mass and the

average and standard deviation of the intensities observed and the number of files in
which the unique mass is found is determined. A

iii) creating a data structure comprising a two dimensional (2-D) array in which

20 the unique mass list defines the vertical axis and the number of files selected defines

the horizontal axis. The amount of the metabolite present is displayed in cells defined

by the vertical and horizontal axis coordinates according to a user-defined color code.

The user méy be provided the option of viewing the data in any number of ways, for

example, but not limited to, by aj observed metabolite intensity; b) the ratio or

25  percentage of the observed intensity to the average intensity of that metabolite from the

files selected; c) the ratio or percentage of the observed intensity to the observed

intensity of one of the selected files, or a combination thereof. Thus, the method éllows

for the rapid and condensed display or visualization of multiple metabolite data files.

As a result the determination and identification of metabolite changes in complex

30  mixtures may be greatly simplified.



intensity of one of the selected files, or a conbination thereof. Thus, the
nmethod allows for the rapid and condensed display or visualization of
mul ti pl e wetoabsispé e data files. As a result the determ na®CTanA0an0aks9
identi.fication of netabolite changes in conplex 30 mxtures may be greatly
sinplified. WD 03/081506 PCT/ CA03/ 003894 -4 Al so provi ded by the present.
invention is a method for visualizing multiple FT-1CR-MS, non-targeted
conpl ex sarfppe RIQ¥idpdely thenpicrentnBIVEMIONs i fs ngthod: M tVisliziag naulide i t e,
data file hs b f | ' r ar f. | a
RS St R A AR kiRt R0 ARG R SR ) B

data and/or o _ : Zatri on=node,* _

extract i on somem@pslite idata€fild 2BBsistBrePE tikk Hhalinefsie) ddtDAnd/6f frolechfar SorinfAA
neutral or charged forns for each independent analysis; selecting and
conbi ni ng alataandéor ashertiledyngtdatd such gs (anizatioomeodei themisalralaspgexttastiomt a i n
the conpined file by mass ar nplecular fornula.to batch {ogether I
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to average and. 10 standard devi ation and the nunber o Iles out o

t ot al nunbemedile;f sdrdsg thel datt Botht kambined dilerby abet bt moleslapfsmrulet batch
displaying this data in any of three ways; one, usjng the unique mass or
mol ecul ar  11B¥§tRATa als upique yingtapalitgs frem thep splgctsd 5314%’ PEERFRings sfafistiGal - f o

each file €] . Yo | ' res-1.hes: ' ' a
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the observed intensity fromone of the files selected; displaying either
zero or a vh¢ metaboliccsporhserigdiin; dipplayipg s datadn agy of dree Wiapti Onei Wing or any
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above. 20 Also contenpl ated by the present invention are data structures
produced byoftthe avetagodntensity of the metabolite observed fromAthe‘ selected files, or the

15  observed intensity as a percent or ratio of the observed intensity from one of the files
selected; displaying either zero or a Valﬁe corresponding to the noise level or detection
limit or :clny other such qualifier in situations in which a metabolite is not observed in
one file but is in another; assigning a color code to t:he intensity 'or ratio in each of the

cells defined by the x and y coordinates described above.

20 '
Also contemplated by the present invention are data strucfures produced by the method
of the present invention as defined above. Further, the data structures may comprise
a computer readable medium, hardware, software or é combination thereof permitting
information to be transferred to or from the data structure. -
25 |

This summary does not neéessarily describe all necessary features of the invention but

that the invention maiy also reside in a subﬁcombination of the described features.

30 BRIEF DESCRIPTION OF THE DRAWINGS



of the present invention as defined above. Further, the data structures may
conprise a conputer readable nedium hardware, software or a conbination
t her eof pworBwsisng information to be transferred to or fPamaAve/oasRd a
structure. 25 This summary does not necessarily describe all necessary
features of the invention but that thedirnvention may also reside in a
sub-conbi nati on of the described features: 30 BRI EF DESCRI PTI ON OF THE
DRAW NGS WO 03/ (desoandrgiierdaaeracgdee inventipnaxidl begeme minse apparenirisemdhe t he
invention wll becone. nore apparent framthe.  follow escription-in
whi oh r of ereliute SeEinEon n MBS hrs® Halfio e aReh R AP ie i ¢ 4,
illustration of a netabolite data file froma single analysis of a 5

bi ol ogi cal sanmple by FT-ICR-M5. FIGURE 2 is an illustration of a conbined
met abol i t e RIGUEREi1 é i dliustmation pif ex mistabblitgi dagd fiden fiphre a eviagly s@slyby of a
FT-1CR-M5. 10 FIGJRE 3 is rn ib&rus ration of a conbined netabolite data
file geherated HAYASIKRRMPIGCDY (‘)Téij | sanpl e anal yses by FT-1CR-MS in
whi ch all uni que nmasses have been. ' identified, the average and standard
devi ati on of each unique nmass and its intensity determned and the nunber
of files CEIGURENY it ha farstratod af urbmbmedasstabslitdi dupd dile drothSmbItPURE 4 i s
an illustration of a data_structure conprising an array of the conbined
data file ibiolagicelsapple gnalysesby FlcKMEed of the total sum of uni que
masses observed fromall selected data files and the x-axis is defined by
the file nunber of the selected data files. In each cell defined by these

axes i di PIGURE 3tiHsn TREEATROTicBmbIRY aRIvolif datd il Bshdriteti firomn £11tRYle coded
fashion. 20 FIGURE'5 is an illustration of a data structure conprising an
array of t fdologiehli seeple daslysdsi bye FIAIGRMS in [whish alliunique mosses ieeel beén t he
total sum %&en‘%{%{eg,u tener%sersaegsé an Ss%a{n\él%gd deviation of each unique mass and its intensity

determined and the number of files containing the particular unique mass is displayed.

15 FIGURE 4 is an illustration of a data struéture comprising an array of the combined
data file in which the‘y-axis is comprised of the total sum of unique masses observed
from all selected data files and the x-axis is defined by the file number of the selected
data files. In each cell defined by thése axes is displayed the corresponding metabolite
intensity in a color-coded fashion.

20 |
FIGURE 5 is an illustration of a data structure comprising an array of the éofnbined
data file in which the y-axis is comprised of the total sum of unique masses observed
from all selected data files and the ‘x—axis is defined By the file numbef of the selected
data files. Ineach cell defined by these éxes is displayed the ratio of the corresponding

25 metabolite intensity to the average metabolite intensity in a color-coded fashion.

FIGURE 6 is an illustration of a data structure comprising an-array of the combined
data file in which the y-axis is comprised of the total sum of unique masses observed
from all selected data files and the x-axis is defined by the file numiber of the selected

30  datafiles. Ineach cell defined by these axes is diéplayed the ratio of the corresponding



fromall selected data files and the x-axis is defined by the file nunber
of the selected data files. In each cell defined by these axes is

di spl ayedwDlea/08s06 o of t he correspondi ng 25 netabolite i nPEMIIA0P/00389t he
average netabolite intensity in a color-coded fashion. FIGURE 6 is an
illustration of a data structure conpri%ing an array of the conbined data
file in which the y-axis is conprised of the total sun1ég uni gque sses
observed metaokite inicasiictodhe abseaved; metabalite miensity Inors eng of the selrgrad gotar he
file nunbef. of.the sele tqg 30 data files. In each cell defined by these
axes is di Bﬁaybﬂc?mﬁcqggigd%ﬁnthe correspondi ng WO 03/ 081506

PCT/ CA03/ 00389 -6 netabolite intensity to the observed netabolite
intensity fromone of the selected data files, in a color-coded fashion.
WO 03/ 081506 PCT/ CA03/ 00389 -7 DESCRI PTI ON OF PREFERRED EMBCDI MENT The
present invention relates to nethods of displaying data from anal yti cal
instrunents. 5 More specifically, the present invention relates to nethods
of displaying data from mass spectroscopy instrunents.and data structures
cont ai ni ng such data. The follow ng description is of a preferred

enbodi ment by way of exanple only and wthout |[imtation to the

conbi nation of features necessary for carrying the invention into 10
effect. According to an enbodi nent of the present invention, there is

provi ded a method of anal ysing spectroscopi'c data conprising the steps of,
i) obtaining spectroscopic data froma plurality of sanples, each sanple
15 conprising one or nore conponents wherein each conponent is
characterized by at | east an ordered pair (X, Y) of data conprising data
el enent value X and data elenent value Y, wherein X is a data el enent

val ue equivalent or directly proportional to the mass of the conponent,
and Y is a data el enent val ue equivalent or directly proportional to the



amount of the conmponent; 20 ii) identifying all unique conponents
conprising a common data elenent value X in said sanples; conputing the
aver age owoOailosisoé herefrom and determ ning the average &ad/toanessyd
deviation for all Y values fromall ordered data pairs conprising a comobn
X; i11i) generating a data structure cdﬁgfising an array of codable cells,
each cell 25 assigned a color or other identifiable characteristic based
on the relationship of the anount of each uni que conponent present in each

of said saﬁﬁ ] (ZN ?’?{Et RRED g,?é @'\,ﬂ?@rval ue or other

characteri |$?i§pPFL 3%%0 rgﬁ%oplc ga Asb y the term "spectroscopic data"
it is meant data.from any spectroscopic instrunent, for 30 exanple, but
not limted to visible, IR, or UV spectroneter, nass spect_r(fneter,'

NVR
appar at us dheprrsentireentipp eslatpsigimethods of gisplay sk from gnalytical fshgnisas s

spectr ter. VWO 03/ 081506 PCT/ / . S r be
orpl oy 4 | NORENEHIY BF D AreCday reiichss Ao R BE fsRFS Y T oY >
spect r onet ghedi@¥cdds 8RInRNerdHaeOSRICRAES @htathihh s@dht®ita. anal yti cal devi ces
such as, but not I'imted to chromatographic systens. Preferably, the nass

spectrometer 5 is a Fourier transformion cyclotron nass spectroneter. A
descri ption,of Fourjer. transformJon, cyclaotron nmass spectroneter is
descri bed 1S fellowihsissiription s ot PETTIERBA B Ry H o °b CRUTFCHETErR

I ncor por at i cobiraliBn befeMurcd ABRIs ary Fok cArdyiiB AR inRAMon into
conpoSitioﬁqugyﬁ%?%ﬁﬁggﬁgcﬁaygﬁé gcqgired. Fgguylocgﬁgﬂgle,nthe.séhple may
conprige anrgfebi.ol ogi cal sanple, or fraction or extract thereof. The

bi ol ogi cal sanple may be unprocessed or processed by one or nore steps
known in the art. Exanples of such steps include, but are not limted to,
extraction st Lfi I ; ] HRACE

conbi nat i oﬁé%cﬁgdﬁ%%Fo?gIF ﬁlfn# ﬁﬁ?igsﬂe?gag{rhgq%ﬁsgﬁp@génp él > may %eﬁ g‘r,%%gg?g%h?%%gny
manner knowAalyBingRpedfoscopldd@atbt@hpgiingthesespplof may 15 al so conprise ot her
conponents that have been added thereto. For exanple, but: not w shing to
be liniting, thd) isbeinigkcwrctasapnie daly feom phEaliyqfosomrles. wrick hsamRie

15 comprising one or more components wherein each component is characterized by at least

an ordered pair (X,Y) of data comprising data element value X and data element value
Y, wherein X is a dafa element value quivaleht or direétly proportional to the mass of
the component, and Y is a data element value equivalent or directly proportional to the
amount of the component;

20 ii) identifying all unique components comprising a common data element value
X in said samples; compﬁting the average of all X thereﬂom§ and determining the
average and standard deviation for all Y values from all ordered data pairs comprising
a common X | '

iii) generating a data structure comprising an array of codable cells, each cell

25  assigned a color or other identifiable characteristic based on the relationship of the
amount of each unique componént present in each of said samples in relation to a

predeterrrﬁtied value or other characteristic of the spectroscopic data.

By the term "spectrbscoﬁic data" it is meant data from any spectroscopic instrument, for
30, | example, but not limited to visible, IR, or UV spectrometer, mass spectrometer, NMR

apparatus or the like. Preferably the spectroscopic data is from a mass spectrometer.



commonl y added to mass spectroscopy sanples as would be known to those of
skill in the art. In an aspect of an enbodinent, the sanple is a conpl ex
sanpl e cowprod®srsge a plurality of conponents that may be PETEtANSMH033P
separated by a mass spectroneter. 20 By the term"ordered pair (X Y) of
data" it is meant data which characteriZés a conponent in a sanple. For
exanple, X may conprise a nunerical value for the mass of a conponent and
Y may conprise a nunerical value for the anpunt the conmponent. Further, k
may conpri se V. ' iNmER | | ; SthGher0f the
25 spoc 11 o0 kS B R i3 L AREbCd E e H O m EA A R e e
conprise t g matpoitdanetéd Miy boe@pybd imcombiapiai ith otliegamlytiet dtvioes i n a
mass spectroneter. detector, or the |like. Further, X may conprise the nass,
chenmi cal f suchdsab@moplimited ¢ ehrematosraphicsysiems Frefserly.ithe WassFOREHMEEr t her |
ot her data.su as, . but. not |imted ' LIy, | r dat a,
i oni zagi onlsn%&g)}m%gﬁ?s(f%’im 491, S¥CIOthon %I%(S:st %@tﬁﬁﬁ%a%e}( %@gﬁg@r{éﬁ %&%gio%ﬁt al 30
condi ti on, 4QGhsBrrk BRI BRilbEch trﬂﬁﬁegecwe@ﬁ 19T @sbAesl i @AhRQbRY180r ded ed
data set and such - data sets are fully contenpl ated by the present

i nvent i on. PAMD/CA00805D6wRET «BABGh begdvincoporyed hrerefaerae uni que conponent s"
it is meant the collection of all specific conponents which are present in
at | east one sanple, ‘of all the sanples analyzed. 5 By the term"data
structure' g, df .l ,@§a§{" ki fothi AR detikaedof rom a
plurality OBM%Eg%ﬁEs. e% gtéggﬁﬁgégggggﬁggﬂgaﬁggﬁgggg{gatabgge or an
array monpleksinp, the sphpleahdyt oonghise eyl siologivabiamiple or fibcianatricataddhdroeid or
processed fromthe sanples. Further the data sé{)ucture may, conpri se a
plurality dihedbiglpgicolamplaimanke BIProRssEdOE PraSesspPd bY QEGPIHRRE Sﬁé@ﬁ%@&%de
based on a_yal ue nt ai.n ' ' e : I .

assi gned aﬁ?/e heEﬁ(%gg) Pi %ﬂ?‘(haéﬂo%t glﬁgl%dteéyﬁz\?}léch?tdgﬁﬁegﬁg’r éﬁtg%élgﬁgsﬁé@ﬁe

val ue cont gjufgdatish stégaechealital rdBpticH s oRbiy édnbigativn thakof. Inths meheithst i c
code it is'neant a color, pattern, shade, or conbination thereof which may
be enpl oyedampledinhy be pracessed ibanynparnes knpwn i diedrt fhe biological sample may

15  also comprise other components that have been added thereto. For example, but not

wishing to be limiting, the biological sample may comprise components which‘ are
commonly added to mass spectroscopy samples as would be known to those of skill in
the art. In an aspect of an embodiment, the sample is a complex sample comprising a
plurality of components that may be resolved or separated by a mass spectrometer. '
20
By the term "ordered pair (X,Y) of data" it is meant data which characterizes a
component in a samiole. For examplé, X may comprise a numerical value for the mass of
a component and Y may comprise a numerical value for the amount the component.
* Further, X may comprise a value or other identifier which is a characteristic of the
25 specific component. For example, but not wishing to be limiting, X may comprise the
retention time in a column, a épeciﬁc signal location in a mass spectrometer detector, or
the like. Further, X may comprise the mass, chenﬁcal formula or a structural formula of
a.speciﬁc component. Further, other data such as, but not limited to, intensity, molecular
formula data, ionization mode, chemical class, extraction mode, filename, experimental
30 | condition, ora combination thereof may be provided in a higher ordered data set and such

data sets are fully contemplated by the present invention.



the val ue contained therein. 15 By the term "predeterm ned val ue or other
characteristic of the spectroscopic data" it is neant a value such as, but
not |im two oBog15661 observed conmponent intensity, or aver a@e€T/GAWOESHItY oOr
standard devi ation of. one or nore conpopent intensities, or the ratio or
percent age of an observed intensity for”one or nore conponents in relation
to the average intensity for one or nore other conponents in one or nore
sanpl es. Further, other values 20 and characteristics are contenpl ated by

the present: 05%?““'9@1% ggmgaph%sn%s?ﬁéaﬁ{me@m&;h%?'aﬂ Qaﬁé%ﬁbbﬁédtsc as

descri bed fi'ne "a range of val ue For exanpl e, but

not w shi ngv}ﬁ&l@f@plrésehﬁmragleugt o Yarfiplenef all thbeampleoanalyzed. may be enpl oyed
for values between . A and B, while the color blue maybe enployed 25 for-

col-or val ues between C and D. Ocher conbl nations are also possible. In an

aspect of an odl,, ther. - a
obt ai neicj) %‘r &ﬁ? gt]a SFP%HTSef brl?ﬁnle Hﬁ%da% %é%fﬁgﬁé%bﬁr@s@g’gggg ?I%) netry
(FT-1CR- NB)ap@%‘ SOTBABNedhE Hatﬁ@t@iﬂ%l@ﬁiay'@bmbﬁgd £dakabasegrag arrayidenpridinod i S
descri bed reference 30 to Fi.gures 6. However, reference to the

figures is aphanlityffieellscontiniag 1nﬁsnpuoxp@@e@d@mr9cesa¢sﬁr¢mthf@@mn!@arﬁurth@r limt
the invention in any manner. WD, 03/ 0@%5106 Ff>CTl 3/00389 -10 Regerrl ng now
to Figure the dp@reirticlire HeinCRRTLS th PR ML &S BYISTHR O °F 1B iR F e i ‘

spect rosco w[&{},t L irfddfh e RUIIHYAEVR DA LRIy b
FT- 1 CR- M5, %)é‘?léﬂaﬂl n edg:aEQn%dgﬁaavr?ﬁﬁ%‘)Uﬂta bitrarily ter rr%d #170. Sgynp?e #170

conpri $@s Ja@mgﬁ)émty&nh& attbibbeadt ohﬁratthﬂstmﬂpmfémtbsserdmn the velruar:antamedmd by.
at |east an ordered pair of data ¢that .. its neutral nmss l\/ass

(X)) and i tthe pait: Bfmﬂtlegr attrll(qwéﬁg P<919r chasacieriste 1t 13 Meanich Pﬂ}“ﬁﬂrsusb % 1 are

menbers of ele at ed
reber o O o Btk Do LA P s R aORyie Bkl nsael
for exanplige viue c&%mlgameg@ﬂ to (X, Y,A B, C corresponding to for exarrpl e,

but not limted 10 to (nMass (X), Intensity (Y), NE (A), Mol ecular Formula
# 1 (B), Err (C)). Determ nation

15 By the term "predetermined value or other characteristic of the spectroscopic data" it is
meant a value such as, but not limited to, an observed component intensity, or average
intensity or standard deviation of one or more component intensities, or the ratio or
percentage of an observed intensity for one or more components in relation to the average
intensity for one or more other components in o;ie or more samples. Further, other values

20  and characteristics are contemplated by the present invention.

The color or other identifiable characteristic as described above may optionally define
a range of valueé. For example, but not wishing to be limiting in any manner, the color
red may be employed for values between A and B, while the color blue may be employed

25  for color values between C and D. Other combinations are also possible.

In an aspect of an embodiment, there is provided‘ a method of displaying data obtained
from Fourier transform ion cyclotron resonance méss spectrometry (FT-ICR-MS) of
complex multi-component biological samples. The method is described w1th reference
30 to Figures 1-6. However, reference to the figures is meant for illustrative purposes Q'nly

and is not meant to limit the invention in any manner.



of nolecular fornulae and errors associated therewith are easily determ ned
by a person of skill in the art, based on the mass of a conponent in the
sanpl e. TWeroa/08x5e6 nunmer ous al gorithns known in the art f@®CTdztoaomsni ng
such fornmul ae and any one-or a comnbi nation thereof nmay be enployed in the
met hod of the present invention. 15 As W11 be evident to a person of skill
in the art, each independent sanple that is analyzed by FT-1CR-M5 produces
data which may be organized in a manner .simlar to the data shown in

Fi 1. : i | 1_.be evi.dent Caf Skl i ‘
natvi duar eltinf BV o FBGsel (0 Ss IR WG ma b obldhed Kol d mage

exanpl e, bupedibcdpyThitRenetl The dag shewvarnFipeee Dyvat bistained MuEFT-ICRadES0f 2
conponents Ty be present in simlar anounts or dissimlar anmounts.

Further, i msitigld dowle §aiplasbitraxilycermpad Kd0 diammple hi0 coampsisse Y LMPIABY 1 ng
now to Fi 2,..th ' h t dat ' 4

" ndepertient ek AbESORPERTYEPRY P TR ared e e e 79 S 11
173. Each 2Bi¢le RERE8Mas$ AINMASR (KOIWRE S Bftemity|(Uiedsith YYDivabRsnasesievas . .
shown by the nmass nunbers "and their corresponding intensities. As

i | | ustrat edn Hipaepknoe ntenswnp b€ kbt GNB), i melsculan farorirsn and errorndépendent
sanpl e #171 i 16 ts, ind t I 7 j 10
component s AIFAHHERBAATRARING (s IABHE e SN CORAERIS Tt APE o

evi dent by Fi e | S1: I ' b ma
30 300, 05780 FACT iRl o Oy W) CATRRORIhe L F SR R npeng 122

found i any (OVadsiiE), Iethaty (W)AEP ey sfdlectmpbasula kb (B Btm(E3) Detetreinsticond
conponent of sanple .170 WO 03/ 081506 PCT/ CAQ3/00389 -11 ,ch%éact-eri zed by
mass 300. 205988ecutat formusssandermrapsseciatpbihpreviihage prsdy defermipeshyppersen 171,

172 and 173 as..conponents characterize :
300. 205883, i3 g aég%%%lo he B%?% ﬁﬁﬁﬁ%@ﬁ@ﬁﬁ@%@ﬁ*&gﬁ%@% %ngg%g? son of
ski Il i n t'hgoorfihihs khéin RS afordeR e sueRforaalmeeRE BiFodeasaky@bidaion  mss
spectronmeter in separate 5 anal yses nmay yield slightly different nass
val ues, as thtroufimapby empldyadirethe neétkodeoffhepresent invention.
15 ‘ ' ‘ ‘

As will be evident to a person of skill in the art, each independent sample that is analyzed

by FT-ICR-MS produces data which may be organized in a manner similar to the data

shown in Figure 1. Also, as will be evident to someone of skill in the art, individual

samples may comprise one or more identical components, for example, but not limited

20  to as determined by their nMass. These components may be present in similar amounts

or dissimilar amounts. Further, individual samples may comprise different components.

Referring now fo Figure 2, there is shown mass spectroscopy data obtained for 4
independent samples arbitrarily indicated by sample #s 170, 171, 172 and 173. Bach
25 independent sample comprises é plurality of comi)onents as shown by the mass numbers
and their corresponding intensities. As illustrated, independent sample #170 comprises
10 components, independent sample #171 comprises 16 components, independent sample
#172 conipriées 10 components and independent sample #173 comprises 22 components.
Also evident by Figure 2 is ‘that the first component in sample#170 having mass
30  300.057819 and intensity 7. 19 x 10¢ is a unique component that is not found in any of the

other independent samples. In contrast, the second component of sample 170



vari ous nethods known in the- art which may be enpl oyed to determ ne

whet her .the conponents are the sanme, and such nethods are fully

cont enpl awedslogisohe present invention. 10 As further showaTiGnoBogspe 2,
spectroscopic data frommultiple sanpl ifj may be conbined into a single
data structure and optionally sorted and processed to determne all of the

uni que masses that are present_in all of the jndependent sanples. her

i nf or nat i OWWM@IM@Yb@aséléf)%?%%é&nﬁﬁ@?ﬂ%@gg‘{)ﬁgsi 84 8tPf?ﬁeH{T’?‘e%I?P&9#he
average, stand eMatio u [ [WRSSE 3DORESENt i N
the sanple %Pﬁgpgby’); i h&n@%ﬁf%@%ﬁ%ﬁ&igﬁfﬁﬁ ed ina data
structure oo aks5! A 389.295888) rdspedtivgly. eASwilFiegwidenBtosirevenaf detlan ter uct ur e

tabul ating results of the nean nasses (average) obtained for. each unique
conmponent mrtehentass of ol iderticaheompansnissesoher Py NS e AR ¥BF 20t t o
be considered limting,i .ranner ' 7 j ss of
the fiPst PERXEHPBHIA déﬁg}gfync}}%gre ﬁ%ss?ﬁaii%s% ;Sﬁ?‘gg%g%h%ﬂo%évgrﬁﬁ%%ﬂ ses a
nean intengj#k éﬁ%@{) Dinthd A6t wiSich Gayt heerbplopen®detiminotvhithenthei n any
of the ot hgérlﬁés{ug%?%@% e lsn;(tgll%%gtrd devi gii on 1((j)jlf its mass and standard

devi ati on eémpbsentsnarerthe tsyme.sar@l such rmethodsasre, fully eonieapated by the GrFsenls

300. 205909 is the average nmass of 4 conponents identified in 'sanples 170,
171, 172 abwven@@i.conpri si ng i ndi vi dual mass val ues of 300.205935, 25

300. 20593, 300. 205883 and 300. 205886 and corresponding intensity val ues of
6.84 x 106, 3.56 x 10", 1.43 x 107 and 3.77 x 107 respectively (see Figure
2). Shgwn iy Firfhef 8hown i MiperenBagpeomsssopiordatd froon mpdtipkat wmiphest i@y be

i ndependent sanpl es, standard deviation of the r’gean mass,eﬁ{ma(f intensity
of all conmpombirted infotisingierien swaciye apA epdenally seried HbRIReFssH QrFHE Nean
intensity, the nunber of sa S risin ' .

intensity @‘h %fa@‘ﬁ e Wssle?gﬂ% easr%%g‘%le }\lltzﬁls%lrrgf g{g #ﬂfdl%%éPEﬁﬁlzt sé%lg%%g??%%'?ﬁ a
parti cul ar ;e COMRAN M miPbdWiterhheitintlndes, Bshdtilienisairtp e average, staidasd i s
entered. For exanple, nmean WO 03/ 081506 PCT/ CA03/00389 -12 mass. 300.057819
conpri si ng deeation,nndnminther of IESBORCK MAFS 15 Brepesi Ay tensapnles. Sé?r%agl% the

15  information is tabulated in a data structure or an array as shown in Figure 3.

Figure 3 shows a data structure tabulating results of the mean masses (average) obtained

for each unique component present in all of the samples analyzed. For example, but not

to be considered limiting in any manner, mean mass 300.057819 is the mass of the first

20 component of Sample #170 (see Figures 1 and 2) and comprises a mean intensity of
7.188800 x 10°. Since the component is not found in any of the other samples, the
standard deviation of its mass and standard deviation of its intensity is 0. In contrast, the

mean mass shown as 300.205909 is the average mass of 4 components identified in

, samples 170, 171, 172 and 173 comprising individual mass values of 300.205935,
25  300.20593, 300.205883 and 300.205886 and corresponding intensity values of 6.84 x
| 106, 3.56 x 107, 1.43 x 107 and 3.77 x 107 respectively (see Figure 2). Shown in Figure

3 is the mean mass for all components in thé independent samples, standard deviation of

the mean mass, mean intensity of all components with common mass, the standard
deviation of the mean intensity, the number of samples co‘mpﬁsing a unique mass, and

30 the intensity of each mass in its respective sample #. In the event that a particular.

component is not found in a specific sample #, no value is entered. For example, mean



#170 and thus the remaining specific sanple intensities cells are blank.
Each intensity value listed in the specific sanple may be assigned a color
code, or wDhefsisaentifiable characteristic based on the mwagriAosdessof
intensity value, as shown in Figure 4. 5 Referring nowto Figure 4, there
is showmn a data structure wherein each %pe0|f|c intensity, value Ilsted
for a specific sanple nunber has been assigned a specific cqlor co

dependi ng mm&iﬁ@)Wﬁ@h?pqmeﬂ@ﬂgmﬁﬁnﬂﬁﬁéﬁgi?38W%Hd%lGpéﬁb Y& S5 enot to

be considere n

val ues. froht vl Pt FpnmnPbredg iy shnplf INERYRSTYs AR, BheRintiugrn Y
ntensity Vﬁhé"fﬁﬁﬂ%ﬂk@e&ﬁ@ Wudpre ke bdadshmed hf&albr @bde, @@ weer idenBifibOG ar e
assigned a .second col or so on. The ranges may be adjusted as

necessary angacraystiodastefdnnbd nagnitwde ofohtonsitydedie; axshomnsis Fgie énpl at ed by
the present invention, the data in the data structure may be 15 processed
furthed or displayed in alternate ways. For exanple, the intensity val ues

for each ?Sfe?rg ch&{IﬂRﬁf ﬁ tlﬂ@req9%%%‘11a?&hﬁbﬁr@#ﬁér@ﬁ%a&ﬁ‘iﬁé&ﬂcﬁﬂteﬁiﬁyt he

conponent ént sanples for ‘exanple, but not limted to as
shown in Figluegisted fb‘rtaeip@aiﬂcV@hyple nbmbenbas bweamsmgnbab abspecifics¢ader eelde

limting, the data may be processed to conpare all nt ens f

; (i r778 onent ﬁ dﬁpﬁndlrgpmdhﬁ magnigwp pethe fiensiy é(ﬁ%‘?&r or B’Eﬂmﬁ"}ﬁ’tbuf P%ﬁ? hﬁcqr{?ldsegﬁg Te

i afss W .i n. ure 6. In VB fRm tx

i nventi on, PHERS! qﬁ&%ﬁ&é‘&“ﬁ%ﬂ%@?&w sug)l i ZI ng rrulblt&?l&@géﬁ%?ﬁ R VB
met abolg t e 1@%@@&%@&8&@& ddigswhilaintesity aralmemgmgrﬁbm Dntléhiless thah aes. The
met hod conprises t foIovvlng steps: 25 selecting the fji that are to
blel Vi ?u?lh| zqul tg|2|)<1@fcm¢)amgngdaISIeCQﬁd qobrr, g eceme d DRiTRRESS 1RRYER eh%‘ﬁus et i ng
all o e net abol i accard ss, and identifying all of the
uni que nasé‘é%e%ﬂtanéfr@yﬁlﬁé@ﬁﬂ?dl?)garﬁﬁo OrBtde%%e selected fil esy Tge aver age
and standard devi ati on of each unique nass and the average and standard

devi ation of the intensities observed and the nunber of files in 30 which
the uni que ATBs ohismipbitetiby shelptesemti inwehtiod, the data in the data structure may be

15  processed further or displayed in alternate ways. For example, the intensity values for
each sample number may be compared to the average intensity of the component for all
independent samples for example, but not limiteci to as shown in Figure 5. Altematively,
but not wishing to be considered limiting, the da{a may be processed to compare all of
the intensities of comporients in a specific sample, for example, but not limited to sample

20  #170 as shown in Figure 6.

In an alternate embodiment of the present invention, there is provided a method for
visualizing multiple FT-ICR-MS metabolite analysis data files that contain r‘nass- and
intensity vaiues. The method comprises the following steps:

25 i) selecting the files thét are to be visualized;

ii) combining all of the selected files together, sorting all Qf the metabolites
according to their mass, and identifying all of the unique masses that are present in all
of the selected files. The average and standard deviation of each unique mass and the
average and standard deviation of the intensities observed and the number of files in

30  which the unique mass is found is determined. -



WO 03/ 081506 PCT/ CA03/00389 -13 iii) creating a data structure conprising
a two dinensional (2-D) array in which the unique nmass |ist defines the
vertical wwios/osasde t he nunber' of files selected defines wog/theshesnt al
axis. The amount of the nmetabolite present is displayed in cells defined

by the vertical and horizontal axis codPdinates according to a user-defined
color code. 5 The user -may be provided the option of viewng the data in
any number of wiij)sreating a detastrpéracamprising 3 yq dmengon) (2)P)Hwy i) gduch

tabolite int ity;, b) .tk tio.. t . A Si
ot ho. avereguiain i 1) e voriPaaf va e ARFpRLof [ SEREENERFRY o1 1Y
the ratio e HELGhtE AUE Phe hid6u t?fﬁ%ﬂé’lﬁ@tabé‘ﬁtﬁ pedskit i§ Qisplaged@his@ily @dfined

intensity one e selected files, or a conbination thereof. Thus, the
met hod al | eygheliriicul ahdorizgmitad aaisctoontinesadomingioayuser-defiradaolor-aaden of
multiple netabolite data files. As a result, the .determ %‘ati n an&

i dent i Bi calhemsarmakbaprvided the, gPEAIOf HeWHIEPE data il 2py, PROOFROT K&YS 185t | v
sinmplified, The present,.i nf i B Yh)Othet Rgi0BBPVE .
ment i oned %ﬁﬁgﬁuﬁﬁdjr%@ﬂg&% @3?{ %@%‘%}%té%gﬁ%%@gig%?ﬁt?ﬁ%ggﬁ)o{n cont enpl at es
any of thepakexasdBithe ohreveddh@nsity tochicavesagedntensityoufjhat exctateittalivbm thedi um

for exanple, but not [imted to a conpact _ disc, floi%p%/ .disc .h%rd drive or
the Iike, #iseswicldctas Q)ribieraiico ot PBEeAtage 0f dhe gpscaygd |ntengity Ha the Obseived,

e, dian 0B PBYFCBlage 05 i | .
vent | on 56 <L OREPEAE ol o EocbRE el Tdt THE theBhol BtoRs csent

conmbi ngf i oft MEre0h aic6hdenB&Y dikpiny bh @istalizatish o afultifde afetdtotitendats Eids.
invention to obtaln data fromor pass data to. one or nore other

dat abases, Asoa resudinphe detorrninaten kidridentificationaelimgiabplite qhangesainagraarisx

met abol i ¢ pat hway dat abases, .bioinformatics progranms or a conbi nation

t her eof . FEMERERS MAY & FR ﬁ)‘fnpglﬁlgddata structure can be linked to one or
nore dat abases containing all the 25 experinental information regarding the

metabolite including, but not limted to the file nanme, observed nass,
observed i Mhensédeyt ingeriontfyrtis sontempatescanyrod theorbpze mendoneddatasifuciees.

i ted to, i e o A A R TR E S & o Ve 23RSk T SrBlRES:
on a computer readable medium, for example, but not ‘li.mited to a compact disc, floppy

disc, hard drive or the like, as will be understood by a person of skill in the art.

Also contemplated by the present invention is the data structure of the present invention

20 ~in combination with necessary hardware, -software, or a combination thereof which
permits the data structure of the present invention to obtain data from or pass data to.one

or more other databases, for example, but not limited to natural product databases,

_ metabolic pathway databases, bioinformatics programs or acombination thereof. Further

the cells of the data structure can be linked to one or more databases containing all the

25 expérimental information regarding the metabolite including, but not limited to the file
name, observed mass, observed intensity, quality assurance control data, such as, but not

limited to, internal standard data, molecular formulas and mass errors.

In an alternate embodiment, the present invention provides a method as defined above

30  wherein the ordered pair of data is derivéd from a higher ordered data set (A;..A,, X, Y,
B;..BY). '



In an alternate enbodi nent, the present invention provides a nethod as

defi ned above 30 wherein the ordered pair of data is derived from a higher
ordered dwpDa3metso¢ Al.. An, X, Y, Bl..Bn). WO 03/081506 PCPCTAOR50W:889 - 14
The present invention also provides a nmethod as defi ned above wherein the
predet erm ned val ue or other characterildtic of the data is selected from
the group consisting of. a) observed netabolite intensity; 5 b) the ratio
or percentdhe mbsdoheinvbgonyeldoi prowisies 14 methpd easadetingfe abpye hergin §ie t hat

metabolite fromthe files se|lected; c) the.rati [ f e

observed i BredgErmined 57afyce Ol BLST &ﬁ?fw?‘%\stt@ngﬁ h? %aga gsngagétgﬁogggl?é)lgﬁée@

sel ected fl:éx?si%ingrofta conbi nation thereof. However, any other characteristic
a

of the dat et may be enployed in the nmethod, .as woul d be known to a
person of skill in thgobsetved Mdtebqliteméamsity;nvent i on al so contenpl ates a

system for anal ysi ng_spectroscopi ¢ dat onprising.a,c ut er .processi ng

uni t, Bhe processi ng AEEAtO REICENEES Ofg]}e &@E&F@}nﬁ@%%@ctg%‘ée&ﬁﬁlﬁtea%ilfya

obt ai ned from-one,or,. ; ch sanpl e . 15 conprising one or nore

corrponentsO%Sg}eﬁa%gg{éﬁ%%%ﬁgeﬁgﬁd?cg%har acterized by at |east an-ordered
pair of data (X Y) coynhé sitigodptesthgnef theXobsedvedaintensity rerihe Whseamet ei n X

is a nane or identifier of X or a value equivalent or directly
pr opor t i onatensityt dfonmas moes of theaglegiedhtile, and Y is a data el ement val ue

equi val ent or direct 'b%a%%ﬁ?f{%ﬁﬁ?%tffffo%aa@@%ﬁ%epéham%fﬁﬂ%9mm 20 b)

processi ng the data uni onents conprising a

conmony (fat g ﬁh&}fﬁ@[emfﬁoiygd th@e sRAmide 8s ROGldaRtkinewaltd ¥ pesonof sldl it te aker age
of all- tﬁere rom and determ ning the average and optionally the

standard deviation for all Y values fromordered data pairs conprising a
common data_ el enent X

The present 1nven?'1cr>]1(ii also contemplates a system for analysing spectroscopic data
* comprising a computer processing unit, the processing unit capable of:
a) receiving spectroscopic data obtained from one or more samples, each sample
15 ' comprising one or more components wherein each component is chafacterized by at least
| an ordered pair of data (X,Y) comprising data element X and data element Y, wherein X A
is 2 name or identifier of X, or a value equivalent or directly proportional to the mass of
component X, and Y is a daté element value equivalent or directly proportional to the
amount of the component; ‘ o
20 : b) proces‘sAing~ the data by identifying all unique components comprising a
common data element X in the samﬁles and optionally computing the éwerage of all X
therefrbm; and determining the average and optionally the standard deviation for allY
values from ordered data pairs comprising a common datd element X; and
iii) generating a data structure comprising an array, the array comprising a
25  plurality of codable cells, each cell representing a unique component in a sample and
assigned a colbr or other identifiable characteristic based on a relationship to a

- characteristic of the data, an extrinsic value or a value set by a user.

The system may further include a monitor to display the data structure, a spectroscopic
30  instrument to generate the spectroscopic data, or both. Further, any relationship to a

characteristic of the data may be employed, as would be understood by a person of skill



iii) generating a data structure conprising an array, the array conpri sing
a 25 plurality of codable cells, each cell representing a unique conponent
in a sanpwe oasiisoassi gned a col or or other identifiable chraractoandisyi c
based on a relationship to a characteristic of the data, an extrinsic

val ue or a value set by a user. The sy%@entnay further include a nonitor to
display the data structure, a spectroscoplc 30 instrunent to generate the
spectroscopﬂbedatﬁﬂeﬁﬂnﬁéﬂﬂﬁnPhhmﬁﬁt° any relationship to a characteristic

f the dat f skill WO
03/ 081506 peT/ CAbBFaugas o ediy SPH ¢ ARG AL IR Bl RERISD] PEC (o

a) the average gyRRYE@Be @Jm@cﬂlhnh{fmamwdsmﬂnﬁu@re door dlementeXed data sets;
b) the average or nedian of all. Y values with unique data el enent X; c) an
extrinsic val uecpini extnesic wluerolatameéérom pipgtambeistabase aribe lik%or or 5 d) a
val ue i_nput by g use us, t he met hod of the present invention provides a
means Po anal yz&) 2§ I”%R}‘ VRYSHEt i ze and process |arge amounts of data
from conpl ex sanples, such as but not limted to, 10 biological sanples.
and extracts. Further, t he met hod provides a neans.to anal yze the
information in a non- targeted and unbi ased fashion to deternmne the

di fferences between r{BI es. The above d SCI’I not ntend

linit the dhss rtlwnrthoéﬂt errerertltawyntr%ﬂ%%‘rl esafe f %‘?@Yﬁﬁ’rdés Ph &Yt %eussed
conbi nati on_of feat res %R%% f

i nventive %(?BHCSFF amnz}’%ggen | nvent| lyi F%-‘%{%Q@%E%ﬁiyutlr{a? ll,llg%lf’égttgd in
the folg owpigoS¥ANahRses alda\éﬁttatts Fuirthet, $het methbé prnddesst meahstthanatyize slee

exanples are for illustrative purposes only, and should 20 be used to
linit the safopeatininheopragetad andinbiaspdiashian fget ‘?YH’rW‘F‘e‘L @éﬁ?ﬁ%‘? BSnpl e
1: Analysrs of

1nultrple non-t ar get ed sanples

The above description is not intended to limit the claimed invention in any manner,
15 Furthermore, the discussed combination of features might not be absolutely necessary for

the inventive solution.

The present 1nvent1on will be further illustrated in the followmg examples. However, it
isto.be understood that these examples are for illustrative purposes only, and should not

20  beused to limit the scope of the present invention in any manner.
Examples

Example 1: Analysis of multiple non-targeted samples
25 ‘ A ‘
Processedldata files from complex samples are first analyzed as described in a previous
ptxtent application (No. 2,298, 181, Canada No. PCT/CAOl/OOl 11). The results of this
analysis are in the format as shown in Figure 1. Data from multiple files are then
combined together as shown in Figure 2. At this stage the data is reduced such that only
30 ﬁle name, 1omzat10n/extract1on code mass and 1nten51ty values remain. This combined |

file is then processed to determine all of the unique masses. The average, standard



25 Processed data files fromconplex sanples are first anal yzed as
described in a previous patent application (No. 2,298, 181; Canada, No.
PCT/ CAO1/WO0b3031506fhe results of this analysis are in thePCaramaB/0e3s9shown
in Figure 1. Data fromnmultiple files are then conbined together as shown
in Figure 2. At this stage the data isl¢educed such that only 30 file nanme,
i oni zation/extraction code, nmass and intensity val ues remin. This_conbi ned

file is thdavigioacaskmunte ofieachrmiqve nadss isghen Aetergpined T hia Salgeprestis hger age,

tandard WO 03/ 081506 PCT/ CAQ3/ 0038 -16 _devi i h
o endar ¢ VO 03051506 P s SR o Al W D go g
I's creat edligt?a%psrgfe&ﬁ the k%xfsh‘?%%ﬁﬁénsﬁgf ifsH agh InksSRLBE reshch of e fadleleed. Thi s

i st represen e X-axl s. e intensity for each mass found in each of
the files mehactiedl intsits lopresdntdtived,y crondinate as éxrhewsnn Biguye3 xCoodgwiasi nat e

as is shown in Figure 3. Coordi nateifJ 5 that do 1;ﬁot cor'ﬁa' n an.i %ﬁgsity are
| eft bBankthahesotiqenisieaninteayity pdelfalank cQRoGM the e fhe i cARle YTy

vi sual i zed by usi ng, col ‘ c i okt W s AS
shown 1 n FPRPEcs e g B e L o T S A Py ool or

codes Wi t hgiifwn @M@ d b k@ Raly visuglashidty, inkasishalwesusing color endss witheer  may
further process the data (relative to figure 4) by conparin t&g i ntensity
to the aveamgedditiveslgirosessifg;iAmshaver WhBEMeeS 8 sérry Hirthes grasPessthe dpldct eq;

din Fi 6 th furthe . : i 0
e T R TS B B R MRkt o
170) . {BUS gont PSR SRR1eA! 4 ih FRRRYIS the udbisRbpur@Bchbodse thardata @ribtivel e

files.”’An inportant” consideration is that this method may corrgri se, but is
not |initee Figuee 4ed fompamatll oifhaintenyities Prasspetifiafileinmiies qpsafied 74} gy not

be determned prior to the creation of the arra t dug | I
creation. M9 user E@Ibﬁ%‘é“a&ig@lsﬁ'er‘iéﬁp%yi ﬁ%%l‘%t(g’fpé?teém%&’ I ef#l gsr'en%{'éhi O%ﬁlg% esent

| nvent i on Qgﬁsiﬁ)%gtg%ﬁg E‘FA‘E {HREHetbd Mol BSAPSSE Buths it BEdiRd teadeniroRitoray20

However, it W obvious to persons skilled in the art that a nunber of
vari at i ons TaBdinal x and y axes are may not be determined prior to the creation of the array but

15  during its creation.
All references are herein incorporated by reference.

The presént invention has been described with regard to preferred embodiments.
20  However, it will be obvious to persons skilled in the art that a number of variations and

modifications can be made without departing from the scope of the invention as

described herein.



nodi fications can be made w t hout departing fromthe scope of the invention
as described herein. W 03/081506 PCT/ CA03/00389 -17 THE EMBODI MENTS OF
THE | NVENVD@BI081806AHI CH AN EXCLUSI VE PROPERTY OF PRI VI LEGECT® ACB/AWISED ARE
DEFI NED AS FOLLOWS: 5 1. A nethod of anal ysing data conprising the steps
of , i)obtaining mass spectroscopi c dat Efroma plurality of sanples, each
sanpl e conprising one or nore conponents.wherein each conponent is .
characterized by an ordered pair (X Y) of data conprising data el enent -
value X and data elenent value Y, .10 wherein X is a data el enent val ue
equi valent or directly proportional to the nmass of the conponent, and Y is

a data el efpit FRIBODIMENTS OFt THE INVENTION MOPWHICHaAN EXCIEUSEVBuUnt  of
the conponent; 11) identifying all unigue conponents conprising.a. common
dat a el enePROPEREY &Fim%%%ﬁ@ @EFHEEB\&P gw%8%$z| X
therefrom and determining the 15 average and optionally the standard
deviatfon for all Y values from ordered data pairs conprising a conmon X;

i) generﬁtA%t@mp@ﬁ%{ngggﬁrcgn@%ﬂg@g,ﬂgpsa(_)fpl urality of codable cells,
a co

each cell. ""assigne r or other “identifiable characteristic based on
t he rel ati onshi pobhirifemassnspentrossbpiealate. fiomcpiplucaditp of eamplgs.cxgelhsamplecach of
said sanples in relation to a Zopgr edet.erm.ned val u

. I g on other ..
char act er | GUPTIBRZ PRAR OF BEY FURRISHIS eharein egch Gomponeatisrdprastelizst by ay
muiltiple FI L3 | VS lista SRhRat (418 XtdARat-CORh @R arRSE, and
intensity %Ff%@%%@ﬁ&%?‘@@?ﬁ?ﬁ%g, h%l selecting two or nore files
that gpe t@hbeiRak Y ded cledfent vilue eqdivaientgr dirkcthf propdréional do fhielneasstobgwt her ,
sorting all of the netabolites according to their ,ma?s, i dent i wl e all of
the uni quecorpemsst.tandtY4p e datecelement valg pqusyalent or directly proportional to
amount of the component;
ii) identifying all unique components comprising a common data element value
X in said samples; computing the average of all X therefrom; and determining the
15  average and optionally the standard deviation for all Y values from ordered data pairs
comprising a common X;
iii) generating a data structure comprising a plurality of codable cells, each cell.
assigned a color or other identifiable characteristic based on the relationship of the
amount of each unique component present in each of said samples in relation to a

20  predetermined value or other characteristic of the spectroscopic data.

2. A methéﬁ for visualizing multiple FT-ICR-MS metabolite analysis data files that
contain mass and inter}sity wvalues, said method compfising,
| i) sélecting two or more files that are to be analysed;

25 - i) ‘combining all of selected files together, sorting all of the metabolites
according to their mass, identifying all of the unique masses that are present in all of
the selected files, and détérnﬁninQ the average and standard devigtion of each unique
mass and the average and sténdard deviation of the intensities observed apd the number
of files in wﬁich the unique mass is found; |

30 iii) creating a data structure comprising a two dimensional (2-D) array'wherein;



the selected files, and determ ning the average and standard devi ati on of
each unique nass and the average and standard deviation of the intensities
obser ved wodswdsocnunber of files in which the unique nas®CrgAgnmsy . . 30
iii) creating a data structure conprising a two di nensional (2-D) array
wher ei n, WO 03/ 081506 PCT/ CA03/ 00389 - 188 the uni que mass list defines the
vertical axis and the nunber of files selected defines the_ horizontal

axi s, and; the themmidueahassHist definesdid vestipal egisnand e auabenbfles selegiefs
defined by the vertical _and horizontal axis coordinates according to a
user - def i riteingshsrharzgatal a8 @dser 5 provided the option of view ng the
data in a ”“me{m%hoW&ﬁébé&B%ﬁe FABM i EisPIgMPinGeNS icined By dlie wrtical
observed netaboli'te Intensity; he ratio or percentage of the observed
i ntensity igd hbezangr ade cooddénsist accafdinghén amsendefinadecdlon poden esaid ey

selected; c) the ratio or percentage.of the observed,intensity to the.
observad i proisisiithe eptiomhel yewingdhe g%ﬁé‘&f‘é‘ﬂmgﬂ g@\,zva%srseéecge ?Iﬂzﬁi? gﬁoutphereof.

10 .3. A data.stru r u t 24.h i tage & tHd
conput er r%"é’&gﬁf’% 9%%% §R¥%ge(r¢p§1§%})§%tet ﬁgenggi’aggtﬂ%éﬁtfgm&k ré(ﬁé:haai%m 3. 15 5.
The data siggepfddrifteRbittlodhdveraderinenstlyi ofahatanetabdlite frofitthafites shlacigdaele or a
conmbi nation thereof permtting information to be passed tq or. from.said
data st r utheungo ofperthagrefihe ehsgrved iatensitydp Ahe,pbserve dntensity ofioge Oh i mat i on
is passed to or_froma 20 dajlabase selected fromthe group .consisting of
natural pr&derted If?a%%&?mh]é‘f‘é%&l EeO%'pat hway dat abase, bioi nformatics
progrgg or a conbi nation thereof. 7. The data structure of claim3
conpri'sing a plurality of cells, each. cell linked to a pop-up w ndow

cont ai ni ng3j nf orAn@dth eruathouprotied fyt the olethad, ofagaim 1 or 2. :

4. A corhputer readable medium comprising the data structure of claim 3.

15 5. The data structure of claim 4, in combination with software, hardware ora
combination thereof permitting information to be passed to or from said data

!

structure.

6. The data structure of claim 5, wherein said information is passed to or from a
70  database selected: from the group consisting of natural product database, metabolic

pathway database, bioinformatics program, or a combination thereof.

7. The data structure of claim 3 comprising a plurality of cells, each cell linked

- to a pop-up wfndow containing information about the metabolite. |

25
8. The data structure of claim 7, wherein the information comprises the file name,
observed mass, observed intensity, quality assurance data, quality control data, internal
standard data, molecular formulas, mass €rrors, or a combination thereof.

30 9. The method of claim 1, wherein said spectroscopic data is produced from a

mass spectrometer.



8. The data structure of claim7, wherein the information conprises the
file name, observed mass, observed intensity, quality assurance data,

gqual ity cwotmwoBisd@at a, i nternal standard data, nol ecul ar fPeTrN0a®038BSS
errors, or a conbination thereof. 30 9. The nmethod of claim1, wherein said
spectroscopi c data is produced froma- 19%ass spectronmeter. WD 03/ 081506

PCT/ CA03/ 00389 -19 10. The nethod of claim9, wherein said mass

spect ronet 80. i sThe Eothadef clrim9s Whetein JadshmeasepertFameits 3 Fopust Fomsiosm. 11,
The method of claim 1, wherein said sanple is a biological sanple. -5 12.
The method of .CF%WéPUoméSRC@%%%rder ed pair of data is derived froma
hi gher ordered data set (Al..An, X 'Y, Bl...B). 13. The nethod of claim1l,
wherein said predeterm ned value or other 10 characteristic of the data

i s sel ect eqy fr omht hesthscbofcleions; whemin said sample sk bipkagieabsabplei te i ntensity;
b) the ratio or percentage of the observed intensity to the average
intensidty of that nmetabolite fromthe files selected; c¢c) the ratio or

percent age égf t e?rﬁétﬁg%ﬁfl clafth QNSiteYeih Qaii 40R8 akSt datdid diérBRAl from@f one

of the seletted a conbination thereof.” 14. A system for anal ysing
spectroscopi c dqm%mggﬁﬂﬁ&ﬁﬂﬁgs@(QQHEHﬁEIYDBQCBQSing unit, said processing
unit capable of: 20 a) receiving spectroscopic data obtained fromone or
nore sanpl es, each sanple conprising one or nore conponents wherein each

Compr 1 i ng 1aat a eoHOL sintlash: & Fe ool PEErERke yate! B [dudd
Pdentifqer of X n0f-Rriat YR Wetaid|selette@troh fHeGrbp consisting of:
' a) observed metabolite intensity; -
b) the ratio or percentage of thé observed intensity to the average
intensity of that metabolite from the files se_lected; |
‘c) the ratio or percentage of the observed intensity to the observed
15 intensit'y of one of the selected files;

or a combination thereof.

14. A system for analysing spectroscopic data comprising a computer processing
unit, said proéessing unit capable of:

20 a) receiving spectroscopié data obtained from one or more samples, each sample
comprising one or more compbnents wherein each component is characiteri;ed by
at least an ordered pair of data (X, Y) comprising data element X and data element
Y, wherein X is a name or identifier of X, or a value equivalent or directly
proportional to the mass of component X, and Y is a data element value

25 equivalent or directly proportional to the amount of the component;

b) processing said data by identifying all unique components comprising a
common data element X in said samples and optionally computing the average
of all X therefrorﬁ; and determining the average and optionally the standard
deviation for all Y values from ordered data pairs comprising a common data -

30 element X; and



proportional to the mass of conponent X, and Y is a data el enent value 25
equi valent or directly, proportional to the anount of the conponent; b)
processi 'gogaiosiisdat a by i dentifying all unique conponentsPCarqQNBAIIsY a
common data el ement X in said sanples_agpgd optionally conputing the average
of all X therefrom and determ ning the average and optionally the standard

devi ation for al. . r ; L e S ; n data
30 el ement % afd G BB B R e BB R T e R
structure conpr pRirdlgty aficaiabRycells @adh il rayreenting 4 sninge eompinentahiatsympie

codabl e cells, each cell representing a unigue cor’r@ nent in ]g,sa%)l e and
assi gned a col opndassignpé p cplaeeratiher idsntiliablg charpctprisic Saglé%’é’de ponship to
relationship to char.act erj st f . : kRSi alue or a

val ue set by a 3§E?r.a°§§nat§ Oeflthezaésf%s eer}érg%wgfagl?en? vy ugrelttﬁglra%lsér%bl udi ng a
nmonitors to display said data structure, a spectroscopic instrunent to
record said spectroscopic data, or both. 16. The system of- cl ai m 15,

wher ei n sailfl. spdhtsysonpf dainnbt, Furthenincluging araenitor idisplartaiddae gFuctare, The

system of claim 14, wherein said relat icgnsgiﬁxg) ﬁo a chcaﬁ%actgr' stic of the
data . is a) tREPERAASSRREC BTHRERR BT PEHPIERS K B RE S more or der ed
data sets; 15-b) the average or nedian of all Y values with unique data
el enent X; c) an extrinsic value obtained froma program database or the
like; or dp. a Vakusstenpof diimalSisehereitBsaid peciystepie ahstoinznmid 4. maber ei n
said color or. other identifiable characteristic 20 defines a range of

val ueslO spectrometer. ‘

17.  The system of claim 14, wheréiﬁ said relationship to a characteristic of the data.
is
a) the average or median of all Y values in one or more ordered data sets;
15 b) the average or median of all Y ‘}alues with unique data element X; |

¢) an extrinsic value obtained from a program, database or the like; or

d) a value input by a user.

18.  The system of claim 14 wherein said color or other identifiable characteristic

20 defines a range of values.



