VETHOD OF VI SUALI ZI NG NON- TARGETED -METABOLOM C DATA GENERATED FROM FOURI ER
TRANSFORM | ON CYCLOTRON RESONANCE MASS SPECT RO\_/ETERSFThe;":gp@ edgg_rr:t bé]VQnt,i'on
rel ates to nmet hods of displaying data from anal ytical instrur 12§ _-\or-e
specifically, the present invention relates to nmethods of displaying data
firom mass spectroscopy +instrunents and data structures containi-ng.-such
data. BACKGROUND OF THE | NVENTI ON 10. Metabolite profiling is an emerging

sci ence that y j g Wl f I Qn t epetic

engi neering (#r/{i;a'fr#f @?’g‘gﬁl‘ﬂﬁpﬁs 658 | '%é}%@®§:£@1%@f%%§}6ww%%e% of

action; adver seGUNERATED FROMFOURIERTRANSFORM IR0V CBOTIESNS Of

di seases. Non-targeted netabolic profiling using FT-1CR-M5., identifies a

| arge nunber 15 of net abRESONANCEMASSISPEGTROMETERSSxt racts. The fi nal
~output from such analyses is the masses and intensities of observed

met abol i t es.. The nasses can be used to deternine the nol ecul ar fornulas,

“and thug theyj it - i . ' t | e, - wher eas
the i nt ansi 1y et itefhod st Badl SRR o AP EralBBETY 1
the sanpl e. Mdye spetftvailiighd freseieindbetonirelafs f mb@sdods dipidieneaita Bogl Afscal 20
sanpl es, netabolite changes can be observed. These bi 6chem cal changes can
then be us&pclresqeny drsiumentsahé detfsguetusk conteiningmach detat al event. Al t hough
mul tiple visualization tools have been devel oped to di splay mass spectral
~and chromatographic data as well as databases to store, organize, and

search thi SBF%%EG%?WW%EWM%ﬁ work only for targeted anal yses of

known. nol ecu ere i1’ ho effective way to display or

ongani 28 information frommmultiple non-targeted sanple analyses such that
‘a“user can qui ckly i.dentify changes in nmetabolite profiles. The ability to
view and i niVsitghodite profiljag i amesZing spienesibht is asefinaletesmining gend fumetiomg st ep

et hods. - TheLEtRath BREGE b SRR S B s U Ecrd R JR8r g
interpret ap@chRfRd off RAbA, miferse drug reaction monitoring and the biochemical basis of
diseases. Non-targeted metabolic prdﬂliﬁg using FT-ICR-MS identifies a large number
15 of metabolites from complex biological extracts. The final oﬁtput from such analyses
is the masses and intensities of observed metabolites. The masses can be used to
determjne thé molecular formulas, and thus the identity of the metabolites preéem‘. in
the sample, whereas the intensity is used to determine the afnount 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 multiple visualization tools have been_developed to display mass spectral and
chromatograﬁhic datg as well as databases to store, organize, and searéh this type of
25 - data, these tobls’ work only for targeted analyses of.-lmown molecules. Currently, there
is no effective way to display or brganize information' from multiple non-targeted

sample analyses such that a user can quickly idéntify changes in metabolite pi-oﬁles-;

The ability to view and interpret large amounts of metabolite data is a rate-]jnliﬁng step

. ( * —_— .
30 1in 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




10 utilizing non-targeted nmetabol-om cs. findings would dramatically reduce
the time and thus the cost of functional genonics There if§ @Q{{geeggﬂisn;,}tfhe -
art for novel nethods of displaying data obtained by anal’ytical %9

instruments. Further, there is a need in the art for novel methods of .. .
di splaying or -visualizing data from | arge nunbers of non-targeted sanples.
Al so,-there is a need in the art for Mthods and data structures to’" -
organi ze an isplay . in a 2-D array format, non-targeted netabolofic data
o Lot ohEe i gedbarinily Rhioh b ima st e et of REncApER Eyomatat & to
~ addi tional &ﬁiﬁ%%ﬁ&nitr " teri.ze or analyse further the displayed
‘data. It is an jeclEa fé‘&t?%&gé%é%alél nventi on to overcone di sadvant ages of
the prior art. The above object is net by a conbination of the features of
the main clainms. The sub 15 clainms disclose further advantageous .

enbodi- ment sTiwe i npasiiarthe ar forsumahmetiods DERisp Ny T2EN\IR8inTh by praiyeied]

i nventign r. es .t t hods of displaying data fromanal ytical

instr un%_nt S&%g&%gs -gﬁgfg‘i‘eﬁ ﬂ&r? ¥ atqqg& H¥ theett %?%Q%Yﬁ'in%ﬁﬂl(?‘@l oft @splapingerhods

of - di spl ayi g DD ST ST, t ngd data structures
cont ai I?\i ng x;i%%:a%ﬁéd téaa. 'Aclggr g Eo}%@%&é@%@ s{aﬁxﬁeﬁt ?%S? g?%?és 31266818\ ded
a met hod ofthereforyietipds 285 4L iraCaRORPS 61 280 ARDIai 18G Z_Eeaﬁat;eﬂ%%mla{,, DN

obt ai ni ng spectroscopic data froma plurality of sanples, each sanple

conpri si ng ¥Wdaegetedypetabolamindate srising o FELER-Mhihesnts als chemdao fieki zed

by an ord Dal I of ;@at a.conpri sing data el ement val ye X and data
el enent va%g .l@,iﬂ){ﬁﬁeﬁéggﬁg)@qdé %abéﬁggéﬁeé‘n@n?ha&%ﬂt?fézee%iaPQV%E“@?erdﬁ?ect ly
propor t6 onaiism%reﬁrmta{mss of the 30 conponent, and Y is a data el enent val ue
equi val ent or directly proportional to the amount of the conponent; </

18JUL2006 -3- u) identifying all unique conponents conprising a conmon data

el enent valljtje' . , . . ;
1s an object of the present invention to overcome disadvantages of the prior 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.

According to the present - jnvention there is providéd a method of displaying
25 spéctroscopic data comprising the steps of, | _

i) obtaining 'spéctroscopié data from a plurality of samples, each sample
oonip'rising ODe OF MOore componenfs wherein each cdmponeﬂt 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 2 data element value equivalent or directly proportional to the
amount of the cc_nfnponent; -




. X in said sanples; conputing the average of all X therefrom and .
determ ning the average and optionally the standard devi a‘g OQULOé |t
values fromall ordered data pairs conprising a commbn X §n qﬁ%
generating a data structure conprising an array of codable cells, each ceII
col or coded or assigned an identifiable3characteristic based on the"
- relationship of the anount of each unique conponent present in each: of
said sanples in. rle)lldmt[fymg(auammueden@bmmedo d@hs;l@g a@cﬁmﬂbﬁ@é’ca@[@ﬁé}ﬁwﬁﬁbs" IcC.
~.of the spectrqscopic data. 10.Further, according to the present  invention
there is provitfe8iaSamnles sompriing mfaawezaa@gofaih thekedrop - an@mabemmguﬂnbu te

anal ysi s dat val e, met hod
conpri ses th%- F ﬁl\fésaﬁggngsb??”?gﬁg@f}%& ﬁ&s‘ﬁﬂﬁ ’@th&aﬂ?@lrs
visual i zed; d & & . the selected files toget her sorting all
of the net abcc)ll"rrllptres 15%%8%%?% to their mass, and |dent|fy| ng -all of the

uni que nassédl) gdmatatiage dataesattore cBNPrisingeh ahﬁ?o%ﬁﬁﬂ% 8dlisf édoB 1l b1y éb\&%El age

and standard. devi ation of each uni que nmass and the average and standard -
devi ati on ofortaﬁﬁégm%ﬁltaeﬂ@mttﬁeble@b@eﬁvew@aaed ¢rethe whomship of tHeesadumt ofdaickh t he.

uni que mass ound det er creating g data. structure

corrgrl si ng éin?%% ‘%Hﬁ’é’ §ﬁlt(ﬁﬁ%ﬁen Iﬁeﬁ 3’%’%‘%/3 EIWHPE aﬁ%totweﬁﬁte%@e‘?ﬁ%@el i st
defines the dt%ﬂidr@ﬁéra&éhﬁl@d’f%é Eig 5 files selected defines the

hori zont-al axis. The anount of e met abol i te present is displayed in cells
defined by the vertical. and horizontal -axis coordi nates according to a
user - de |ne col or code. The-user may be provided the option of view ng

fhe dat éﬁ&hﬂﬁmﬁ;ﬁeﬁd% iy Bresyns AnveakignBiass lsmmvxd@d a memlmdeﬁwr visuakizing)

obser ved rre | t.he, r at 2 cent age, of the
observed i n?@%@ Iﬁ?‘iﬂﬁ {élétgp% LRV 433@%555 %Islat%g W%W he
files sel ectvatlies cThé Betttodt dogr@ke OBE FEIG AR s@gps_x he observed intensity to the
observed intensity of one.of the selected file or a conbination thereof.

Thus, the nethod Hlsﬁbﬁﬁﬂgthwfﬂ@h@atapltd tanulsxmhzmﬂensed di spl ay or _
I f | t t llite dat '
visualization o rsu riﬂﬁ c?fb tge Isel%cte s toget%er s@rtmg all of the metabolites

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

.'-'_."

B of the selected files. The average and standard deviation of each unique mass and the
average and standard deviation of the mtensztles observed and the number of files in
Wh.lch the unique mass is found is determined.

1ii) creating a data structure compnsmg a two dimensional (2-D) array in which

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

vt

the horizontal axis. The amount of the metabolite present is displayed in cells defined
by the vertical and horizontal axzs coordinates according to a ﬁser—deﬁned color code.
The user mey be provided the optio;l of viewing the daﬁx_ in any number of ways, for
| example, but not limited to, by a) observed metabolite iniensity; b) the ratio or
25  percentage of the observed intensity to the average intensity of that metabolite from the
files selected; ¢) the ratlo or percentage of the observed infensity to the observed
intensity of one of the selected files, of a combination thereof. Thus, the method aIIOWS |
for the rapid and condensed display or visualization of mulfiple metabohte data files.
As a result the determnatlon and 1dent1ﬁcat1on of metabolite changes in complex

30 mixtures may be greatly smphﬁed




As a result the determ nation and. ‘identification df met abgl | te changes .in
conplex mxtures may be greatly sinplified. -4 Al so provi @ddﬂyl\@'&%

‘present. invention is a method for visualizing nmultiple FT-1TCR M5™ - '
non-targeted conpl ex sanple anal yses, conprising the steps of. creating a .-
met abolite data file consisting of mass4nd intensity data and/ or nolecul ar

-forrmula data and/or other identifying data such as ionization node,
chemical cl 88§, p@¥ideAChv Ofhe SpfRES ifvehf: i et ah. 1 it @M etc.,
in either neut r%l or ch%rggdpf or rrsléﬂglrlﬁogeaigﬁailﬁ eg%n%gg?@gna s|n55dlaﬁle -

sel ect i ng- dAGICRAMBnnagtaagatedixenplek sdrysls aniipdes, ddnhersimgihe stepnef: fortdting
sorting the data jin the, conbined file by: mass or nolecular formula to

bat ch t ogetd/@gtahplite da copisies pf mysy ashintemsity, date @ndi@r muoleaplarformulani ng

~ statistical,.calc | O . ea f .the netabolite batches (inckuding but
not |imi teada{ao%gd?/%r (Zté%r lgg%tﬂ?&egs%g%}]&sd%?%ﬂnoﬂoé%& %aﬁﬁﬁ%e FX%?cqﬂr,'i es
out of §he hedealfiidurRe! exeritien®s cpRAIAGH et 'ﬁ%ithér*iﬁuﬁﬁ?cﬁ%ﬁk%ﬁﬁﬁﬁs ghser ved

~in; displaying this data’in any of three ways; one, using the unique nmass

or nol ecul seach drdeperdeasanaiesis;-salactingant totbinivgne nambéhe thesexdas fifeslibtoi n

- for each file either, the obseryed intensity or the observed intensity as a
ratio or pePESHE: SBHE HE %\%Fbﬁ@qoﬁ%bé?@i @lﬁﬁfm%%@rmlﬁ%%% fopngladabaisdt from

the sel ect aflodihdion. AhighlCmbBLBRRS 4B | SARLY Rfes? Oge%{aofrgcg;}%%m{sﬁ&f.

of
t he observed i ntensity Trom.one o sel ec ying €lther

- zero or 'a waloutatioas bespbrddithgmembblie bathee(ihdydhy Bt ﬁiﬂiﬁﬁieﬂ@@avdrﬁ%é dndor any. -
ot her such qualifier in situations in which a netabolite is not observed in

one fil@ putandard devigtivnied themember cidiles @vobfhegonbmugbertnd fles siastadythatr -
ratio in each of-the cells def.ined by.the x and y cqordinates described ™~
Sbove. 20 APEBRHEG BREVLETIR i depRYioitis el e P aREe S ol et o
produced Dbyhé (8iqiE kkHaS or Rloldchfir FoAmAREs tHRYREL 8Ad A teld A0fe aDAYE fiF i t her,
the data structures nmay conprise a conputer readabl e nmedium hardware,

sof t war e orfoneasbrfile nhdrdhe otreredfinipasity ¢rtthe gbserveiddniensiiyoas & mtiber pemast er r ed

to or fromthe data structure : , .
' . of .t%e average intensify of the mietabolite observed from the selected files, or the

15 observed intensity as a percent or ratio of the observed intenisity from one of the files
selected; displaying bither Zero ora Valﬁe corresponding to the noise level or detection
limit or 'ény other such qualifier igisituations in which a metabolite is not observed m
one file but is in another; assigning a color code to the 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 structures produced by the method )
of the present invention as defined above. Further, the data structures may comprise
a computer readable medium, -hairdwar;—i, 'sof.tware or é combination thereof permitting
information to be transferred to or from the ddta structure. -

25

This summary does not neéessarily descr'ibc all neéeséary features of the invention but

that the invention may also residein a s_ub'-combination of the described features.

30  BRIEF DESCRIPTION OF THE DRAWINGS




25 This sunmary does not necessarily describe all necessary features of the
inventi-on but that the-invention may also reside in a sumr@”ﬁ? N -of
the described features: 30 BRI EF DESCRI PTION OF TIE DRAW T and
other features -of the invention wll becone nore apparent fromthe:- -

f-ol I owi ng descri ption in which'refer encé i s ‘made tot'e appended dr awi- ngs
“wherein: FIGURE 1 is.an illustration of a netabolite data file froma -

si ngl e anal ysi s @hess an8 offico|femjines bf Hrrinventiby wHT bb@ﬁa&x/ﬁorfh@dfﬁt&dnﬁth%n ‘
illustratio corrbl ned netabolite data file frommultiple  biological
sanpl e anal 5@%@”’6@/ $SPLIPQR Mswhich redersaee ivmpds torthe ppprnded drawings whérsimbi ned
nmetabolite data file generat ed frommltiple bi ol ogi cal _sanpl e anal yses by
FT-ICR-M5 in which all unique masses have been. identified, the average

and st andar BTGEWRE i 1@ hnofilueRedb6f ﬂ%ﬁetﬁ&ﬂﬁe and filStrbft £18 r%ﬁa bfianed
and the nunber of files containing the particular unique fass IS d| spl ayed.

15 FI GURE 4 is ahiolagicas sapple by BF-IGRddBa structure conprising-an array of
the conbined data file in which the y-axis is corrprlsed of the total sum
of uni que nmasses observed fromall ‘selected data files and the x-axis is

det i ned by FReURd @ fughalialadiooe 8 Sititks Y8R B0 B 93E0 Sl

defined by these axes Is the correspon |ng net

in a col or - biotteical smiyleanal@eesHyFRECR-MS. an |IIustrat| on of a data |
structure conprising an array of the conbined data file in which the _
y-axis is corrpr'i sed of the total sum of unique masses observed from all

select ISISde ile f. the
sel ect eg m%lsﬁﬁl%grgﬁé%g “ tgﬁ)q{t%éast@%%@epgecﬁgb “%@E@et he
ratio of thaoccsgﬁdae%@ﬁpxel ﬂmYsas‘SbgfqmlPeRLMS m%ﬁeﬁlagjuﬁla éfiﬁas@éé eb .
nmetabolite intensity 1n a col or-coded fashi on % IS -an ust rat_l. on
of . a data sidenidfie, Q:@Ymagfsamrg standead rdgyiatibn bf]eaod:xcxm:qwaemassdamhﬁi idtensith whi ch

the y-axis LSscanmpyi s |se of tlﬁ)[t al sym of uni gue masses observed
€ DU er of files containing thé particular umque mass is displayed.

. 15 FIGURE 4 isan illustration of a data struetu:e 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 zg_—axis is defined by the file number of the seleeted
‘data files. In each cell defined by these axes is displayed the corresponding metabolite
i_nteﬁsity in a color-coded fashion.

20 | _ _

o } ' ~ FIGURE 5 is an iltustration of a'data structure comprising an array of the eoﬁxbiaed

data file in which the y-axis 1s compnsed of the total sum of unigue masses observed

from all selected data files and the x—ams is defined by the file number of the selected
data files. Ineach cell defined by these axes is displayed the ratio of the corresponding

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

FIGURE 6 is an illustration of a data structure comprising an-array of the combmed
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
30 data ﬁles; Ineachcell 'defmed by-these aﬁcee is djéplayed the ratio of the 'correspondiﬁg




fromall selected data files and the x-axis is defined by the file nunber
of the selected 30 data files. Ln each cell defined by thesej?§e§ jsgagar
di spl ayed the ratio of the corresponding 6 netabolite intensity" g*fﬁﬁ%‘
observed netabolite intensity fromone of the selected data files, .in a
col or-coded fashi on. JUL 2006 DESCRI PTL@\N O- PREFERRED EMBODI MENT The
present invention relates to methods of displaying data from anal ytieal-
i nstrunent g, <Nor e speci fi th&a ) oy b adiesed dataet hods
of dispfayﬁ%ﬁﬂ%gygH@F%ﬁ?%ggggaggéggrosgggﬁéﬁﬁé?ﬁﬂggﬁ{%ﬂgﬁgﬁdata structures
cont ai ni ng faEE indeédor-ddded fFadhiceni ng description is of ‘a preferred -

enmbodi nent by way of exanple only and w.thout limtation 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 .nethod of . anal ysing spectroscopi ¢ data, conprising the steps

of, i) obtaining spectroscopic data froma plurality of sanples, each

sanpl e 15 conpr.ising 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 el enent value Y, wherein X is a data-el ement

val ue equivalent or directly proportional to.the nmass of the conponent, and
Y is a data el ement value, equivalent or directly proportional to the -
amount of the conponent; 20 ii) identifying all unique conponents

conprising a coomon data el enent value X in said sanples; conputing the
average of all X therefrom .and determ ning the average and standard
deviation for all Y values fromall ordered data pairs conprising a comopn™
X; iii) generating. a.data structure conprising an array of codable cell s~/
each cell 25 assi.gned a color or other identifiable characteristic based

on the rel ationship of .the ampunt of- each uni que conponent present in each
of said sanples in relation to a ,




predeterm ned val ue or other characteristic of the spectroscopic data. By
the term "spectroscopic data" it is neant data from any spectroscopic. .-
Instrunment, for 30. exanple, but not linmited to visible, nl?lﬁ',ﬂj#_ :ég _
spectroneter, mass spectroneter, NWVR apparatus or the like. Prefef qut he
spectroscopic data is froma mass spectroneter. Any mass spect.roneter.my
be enployed in the nethod of the present invention. Further, the nmass
spectroneter may be enployed in conbination w th other -anal ytical ‘devi ces

such as, b i chronat Qqr aphi ¢ ms. Preferably, the nmass

spect r onet @ngﬁgﬁggfﬁg'Eﬁ SEBhENME _ n mass spectrometer. A

description of a Fourier transformion cyclotron mass spectroneter. is

described in. CA 2,298,181 and PCT/ CA01/ 00111 which are both herein -

i ncor por at ethe frgsant investimerslafy td methtods of displayihg dath frobsarmbytivh] iagtyuments,

: corrposiéi on-for whjch data may be acquired. For 10 exanple he sample may
a

t
conpri s OFf; Bic6Hicaly- thenrpicat ingentrangelajes o srethods pislisplaiag dut fromyaass
bi ol ogi cal ¢ r rocessed hy .one or nore steps’
enoun i - (ReeRe ol R LA RS BBl B BRI W 88° O TNGE Tl i ted

to, extraction steps, purification steps, chenical reaction steps or any
conbi nation thereof. In this regard the sanple may be processed in any

manner knowhhd fpllomdng descriftien Isiodlaceyicfated santpidenent py Mayad Sexacphponlyendt her
conponents that ve be added thereto., For exanple, -but not wshing to
be 1imti ng‘,"ﬂﬁ%%g‘?lfﬁ%ﬁg’gh “‘%‘i‘?%@ﬁ%e%ﬁﬁ%%&g%ﬁ%ﬁm%ﬂwwwlwo

comonky adged;to mass spectroscopy sanples as woul d be known to those of
SKjill in the art. In an aspect of an enbodi ment, the sanple is a conpl ex
sanpl e conprising a plurality of conponents that may be resol ved or
separ at ed EK‘a nass spectraoneter. 20 By the te_rm"‘ordered_gai r (X, Y) of .
data" it i s ReAtRSdarEs spRodnney; oFf dog prebent dnventienfheradn Pravided asmegiod ofFor

exanpl e, X%ér ﬁ%;r%r LSE. AN r - valde he mass of a conponent -and
Y may conpris Sa r?%t?(?sg lg\g%ﬁ‘e&%%?]ym?f%e%%%%ﬁ the conponent: Further, X
may conprise' a Yabliginily SicdbschpiRNBithi REmWAI llralisy 8f %E@E%é,t esdbskadpRf the
25. speci fic conponent.. For exanple, but not wishing to be [imting, X may
conpri 5% t hdmpreiRgRIees morRompenents wherein eagh spwperentis shapaeteriteddatat bsasti n a

mass s p_eCt ra%ngr%glred%%&e(%ﬂ of Bfa comprisiﬁg t!ata element value X and data element value

Y, wherein Xis a 3_ata element value equivalent or direéﬂy 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 1i) identifying all unigue components comprising a common data element value

FaRR
e

X in said samples; compﬁting the average of all X therefrom; and determining the

~average and standard deviation for all Y values from all ordered data pairs comprising
 acommon X; | _- | ' | |

_ 1if) generating a data structure comprising an array of codable cells, eacﬁ cell

25  assigned a color or other i_dentiﬁé.ble characteristic ‘based on the relationship of the

| amount of each unique componént present in each of said samples in rela;tion to a

predetermined value or other chatacteristic of the spectroscopic data.

By the term " spectrosco;;ic data" it is meant data from any spectrosbopic instrument, for
30  example, but not limited to visiblé, IR, or UV spectrometer, mass spectrometer, NMR

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




the like. Further, X may conprise the nmass, chemcal fornmula or a = = -
structural fornmula of a specific conponent. Further, ot he@‘gatg&such{_as;r
but not limted to, intensity, nolecular formula data, ionk tﬁf digge,
chem cal class, extraction node, filenane, experinental 30 condition, or a
conbi nati .on'thereof nmay be provided i A8 hi gher ordered data set and. such
data sets.are fully contenplated by the present invention. -9 By the‘te
"uni que conponents” it is neant’ the collection of all specific conponents
which are present in at |east one ?arrpl_e of all the sanples _anabl ed. 5 By -
the term " Antmasssperitonreser mayibe employed i thamethod of B DspssutpnyRytior- F M8 mat i on

derived fr a plurality of sanples. .The data, strugt s a
dat abase O&H%Hl&é$?%%8 F%y}ﬁ%q?ﬁe&rl&l Ciof@)WmEerl %cg)rn aﬁr‘%&%g%}‘ée% o

i nfor mat i ong,dehd VRN QS ShRRNASQIMHib 8y S PesTerablyf, tHiehass bheottbaicter
structure may conprise a plurality of cells wherein one or nore cells are
assi gnedl a is @l Bourieo dexnbfsmdionrcyalottah ueass apeatiovezten. A weeetipébh of HoWewmer, t he
cells may be 10 assigned any other attribute or characteristic, Ldentifier
based on t HEnsHIe iQthfysiofes FRSS (SRectEpqter By dswgwdam '%Léaég%hgﬁ&% :
characteri s [t 108 - t, - Qf. i ' . or.conbination -
t her eof mi@f/ﬁg&;ﬂ Z%dltérlrp@g%%%tbgﬁldiﬁ %%@r%%%ﬁ%a%gfé\%g%%%el | s based on the

val ue contained therein. 15 By the term "predeterm ned val ue or- ot her
characteristic of the spectroscopic data”. it is neant a val ue such as,

~ but not | i nBy &t teon "sammBsié dsmenns enpoerapesition fonwihich dajn may be agtirednF ehsi t y
or standard deviation of one or nbre conmponent intensities [ tia or
per centge %@ﬁesgﬁs%'fl@ifﬂmla hERRETSAT ccpllﬁgﬁ‘ga & %CI%’BHEE sacftﬁl%rrég%at i on "y
to the aver iolo@t%ﬁeﬁ}nﬁ g%%é?%%gﬂce@&@r@%@%ﬁe@%%%&e ERpOREoRH idTOr €

sanpl es. Further, -0 and chdracteristics are contenpl ated by
t he presentthenatExapled o suoh atepsrincinfier bitdentndti nlted ¢hadsicEpn SH4PS, as

descri bed above may optionally define  a range.of values.. For.exanpl but
not w shi ngPWéigsEon steps, ich@mcﬁ?/%%gﬁ%ﬁ?ﬁéps @YW@W%WHF%%@% I&ﬁ%ﬁ(ﬁ%d f or
val ues bet N1, A : ' ‘ ' ! | 2p1ef Qi col-or
val ues bet %legg}%ﬁoﬁ\ﬁ%&r ﬁca%l %%%??%?\Mﬁeﬂg%?%gg@(%y%g S?%Elgn ays pect
of an eybodiiEeRbmptiiebiet SoRpoMwntetaBhiw! et adficd itmpdioyForgxaatple, dht aiohed

wishing to be limiting, the biological_ sample may comprise components which are

' comnmonly added to mags spectroscopy samples as would be Ikmown to those of slt:ﬂl in
the art. In an aspect of an embodiment, tﬁe sample is a'complex sample conipriéing 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 charécterizes a o
" component in a samiﬂe. 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 componenf. |
© 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 tirhe in & column, a é_i);eciﬁc signal location in a mass spectrometer detector, or
the like. Further, X may bomprisé the mass, chemical formﬁla or a structural formula of
alspeciﬁc component. Further, other data such as, But not Iimiteci 10, intensity, molecular
formula data, jonization mode, chemical class, extraction mode, filename, experimental
30 | condition, ora combination therea% may be provided in a higher ordered data set and such

data sets are fully contemplated by the present invention.




from Fourier transformion cyclotron resonance nass spectronetry _ _
(FT-1CR-MS) of conplex nulti-conponent biological sanpl $ rrl\-{g? met hod'i:s

~described with reference 30 to Figures 1-6. However, Tref @ o 1806 he

. figures is nmeant for illustrative purposes only and is not nmeant -to:limt
- t-he i-nvention in any manner. -10 Referrithg now to Figure 1, there is -shown
data which may be obtained froma mass spectroscopy instrunent. The:data

shown in Figure 1 was obtained by FT-ICR-MS: of a single sanple. ("n"=1)

arbitrarilystermed #170. Sanpl e #170 conpr.ises, 10 co nents. 5- Each of the
conponent s ﬁﬁ?h%t&m& haP48¢ %anoé’&ngy 2y Meg?gt&b? 3%@38%?% ﬁﬁ?‘_’ﬂﬁ‘i SCERHONGF S dat a
that is, it GhBUEE BleserBP St 16asMBSSsdnlple, FRM thd $ml seéﬁﬂty%é! (Intensity., (Y))
values. Also shown™ in Figure 1 are”nenbers of €l enen s-%NE), nmol ecul ar
formul ae, and errors (Err) - associated with the fornulae, and thus the

ordered_datg may be expanded if desired, for exanple, but not limted to
(X, Y. A B, O ﬁ&&%@%o&?&@-ﬁ@%e Tibis anhas @rdensd eravping of infeeepting degvediiems (X) ,
151110

I ntensity ( : I ) : er
nol ecul ar fé}lﬁﬂu‘%g%g?rﬁp%g 'rrgfrge;H agarssgggélg%ﬂé%' %ﬁ#e@eﬁ\?\natﬁh{agésgﬁé%%%% Qe ened by
a person ofplility of dellk bentalhing hﬁaﬁﬁﬂi@r&eﬁb@dfm&e@s‘ed@oﬁpmQamplés. Firthdie

e

sanpl e. There are nunerous algorithnms known in the art for determning
such fornul B datal samgiusnaancompusrTdi Mutalityn of céllsr wbéreimagnder mopd oglédatien 't he
met hod of the, presenf inyentipn. 15 As will  be, evi t to er.son qQf skill
" the art SRR Shlop it ot Fotined Biih SabHovisy S el fiy Heodnces
data whipch mRyrRE aRY 8RR} Z8butd oL IR S dBnkifkr bRed PR i pMLdR
f@ure 1. A S%D,' asaﬂ%vi'll be evi ?jent t(%gﬁlﬁa{?r?gﬁo% sﬁﬁﬁp}? |na£$ﬁee6%glrt; A o
i'ndi vi dual theaseihl By ottmyattringerdreelod nkaractenigiceotlelt i et 2 colon @aerhsshafier
exanple, but not limted 20 to as deternined by thejr nMass. These
conponent s HeSPopingiatagreof whish mayhe eamlovpddo differentiots hatwesn shp bated on -
Further, ingi.yj saml qay conprise different conponents: Referring
now to Fi gugleewfg}éta{{%?e 1S %ﬁ%&n mass spectroscopy data obtained for. 4
i ndependent sanples arbitrarily indicdted by sanple #s.170, 171, 172 and
173. Each ’ o ' - o

15 By the term "predetermined value or other characteristic of the spectroscopic data" it is

nati on of

L

D3

meant a vatue such as, but pot limited to, an observed component mtensity, 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 évefage
_ intensity for one or more other cbmp onents in one or more samples. Purther, other values

- 20 and characteristics are contemplated by the present invention.

The color or other identifiable characteristic as describéd above may optionally define
arange of values. For example, but not wishing io 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, theré is provided_ a method of displaying data obtained
 from Fourier transform _ioﬁ cyclo&on resonance mélsg spectrometry (FT-ICR-MS) of
complex multi-component biologicai- samples. The method is described with refefence

.30 to Figures 1-6. However, reference to the figures is meant for illustrative pufposes only

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




. 25 i ndependent sanpl e conpri ses a plurallty of conponents as shown by the
mass nunbers - and their corresponding intensities. As |IIustrated
|ndependent sanpl e #170 conprises 10 components, |ndepe ?gfegwhe #171
conprises 16 conponents, independent sanmple #172 conprlses onent s
and i ndependent sanple #173 conprises 220conmponents. ~ Al so evident- by”t
Figure 2 i-s that the first conponent-in sanple#l?O havi ng mass 30- .7

300. 057819 and intensity 7.19 x 106 is a'uni que conponent that is- not f ound
in any of the other independent sanples. In contrast, the second conponent
of sanpl e -1Referrin® B t@Bdre ¢hthercise pmcdatwwwbgmsnbe obiswg fEFR 4 RESNSi ty

Char aot er | ZBHCBORE é”ese”t 4 TP OB o e 150 BRad P AT ERERO0RND

respecti Ve'%‘ %1é§aﬂ'i% ne-1§ ﬂb@@ﬂlyk&r@dmvswieﬂkﬂolcbmpﬁsMO @biponkite. Mass

of two iden nen S resofved by .a nmasS spectroneter in separate
anal yses maRachydfahe c@hptg’fehtsymﬂbr bd elreemtierivrd by \aalaasisa,n cadersth pai (BP0 data

However, there are various nethads kpnown in, t a,rt@y;ﬁ éﬂ‘ oned
to deter mi nthapiseitesutahmassdahrshehh 40¢ Ha miensity fpensity, rgrgﬁ%ﬁ?“gf :
full t ted.,b

e kR0 kel DB e le e Ot otd Oy ek b R, hof” 0L @

data struct Hésemﬁf&é VAR the Réthiutacs 4 d sﬂs eHChriérok ass thyte etpheiediifNdesirad ifoof the
uni que nasses that are present in all of the i ndependent sanples. Q her

i nf or mat i onexdnagle oy nblimedtnPh¥HABHC) catesporsting fosfonetannles g ot mited

e oo oo Ehere R S RLn S TP PR SO HTER P RRRRN "

structure ol Al ahtAk rsgua%sﬁs@nbs Elaan @Frgg%s%% a3l B edB) dpaiinCt ute

t abul ati ng resu ts o nmean nmasses alned for each unique

conmponent piesiantn the =24, basefl ohhl@eﬁassfdfesaom;@hmeﬂthd%ampwa’ﬁnpfea;emmemus 10
be considered limting in any manner, pean nass 300 057819 is 'émg mass of

the first 2@lgogthmorkstvign igsarhiosdsiermnmesucirfogmle and BHPE) T &f PRses a
: g]‘?a[‘h;”ﬁ:'rfﬁ%eﬂ% pel&R ‘839¢J‘m1t8e inetdioE hd e SQTRRAEI | S NOt fOU“d in any

15

o

VAs Wﬂl'be evident to a person of skill in the art, each independent sample that is anatyzed

'by.FT-ICR-MS produees data which may be organized in & 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 1denﬁcal components for example, but not limited
20 toas determmed by their nMass. These ‘components may be present in similar amounts

or dlSSimlla‘I amounts. Further, individual samples may comprise different components

Referring now so Figure 2, there is shown mass speetroscopy data obtained for 4
mdependent samples arb1trar11y indicated by sample #5170, 171, 172 and 173. Each
25  independent sample comprises a plurahty of components as shown by the mass numbers
and their corresponding intensities. As 111u'strated, independent sample #170 comprises
10 components, independent sample #171 comprises 16 components, hldependest sample
#172 coniprises 10 components and independent sample #173 comprises 22 components.
Also evident by Figure 2 is ‘that the first component in- sample#l’JO having mass
'50 '300.057819 and intensity 7.19x 106 isa umque component that is not found i in any of'the

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




standard deviation of its nass and standard deviation of its intensity is
0. In contrast, the nmean nmass shown as 300.205909 is the avgrage nmass.of 4
~conponents identified in 'sanples 170, 171, 172 and 173 c@/ngr 006
indi vi dual ‘mass val ues of 300.205935, 25 300.20593, 300.205883 anhd’

300. 205886 and correspondi ng i ntensitylal ues of 6.84 x 106, 3.56 07,
1.43 x 10° and 3.77 x 10' respectively (see Figure 2). Shown in Fi‘g%:e; 3
i s the meapharaderized by mass 38Az8nTxand intensity §-8HEION SRt BsS2meRls fdar d

devi dti on mea. s n_jntensity of.all co en i{nag60Nmon,
mass, the ﬁ}an&?&%dml %Oﬁnnﬁqa}le?ﬁehﬁ%%%&i}%?ebsir?@s% ‘?@ nﬁ%&p‘%&gg’aml es
conpri si Ng360 005 §89Car¥EsD9,203886, TespEothvaly. | Ak SAIPhd otiddnt RACHbrSIRTE skill ih e
respective sanple #. In the evenf that a part i cular. -conponent is not
found i n aaspiheinfass of@mypidentical pampaients resolendthyr enhasFapectzometet & sepmate 18 JUL

2006 5 _nmass 300.057819 c 18] mean intensity 7.1888Q00 x 106 is found
only iR sa ssesmw%ﬁ-aﬁg%sgﬁ%mw ALY ST AROY AV VER LRI RS s
cells are !@pﬁ. Lhtensi by o valde i 3 SEPI" may be
assi gned agco.ofnggge,mﬁﬁﬁgﬁ%%%EFH@%#ﬁf#%ﬁ%igﬁgﬁggggi%%ls-lé%%%g%ghg% t he
nmagni t ude edmbphedBSark thy 8hie, aab suhowethbdls Hefulle chnteniblated BefthE Mirgdgninow t o
Figure 4, there is shown a data structure wherein each specific intensity .
val ue |i st evefipen.a speci fi c sanpl e nunber has been assigned a specific
color code depending on the magnitude of the intensity value. For exanple,
but not to be considered limting in any manner, non-present intensity or

| ntensigty W3l ffmed 5D id Fik§eS: t §RBrdsc¥pic il OnPiRuASR GRfteArial e
ﬂxy or?pahiﬁg Lntgnglty_valdggétéﬁggng fr%ﬁ12 x105 to ?%gs t han gﬁyequal to
%106 are asmibird dita a stngtndhte strortureand optiomlly sFtied amiyresessed/tohetamijnet ed as
necessary and may, be defined by any colors desired. Al so contenplated by
the presentlljofibatngme mawey dhat 3 Prosentoiy Hl Q?fd%?cﬁﬁl%e%’}t Pl Yrecessed
further or.di in gl t - Far, 0,1 § ' ' | ues
for each s SEgRRN A GBS Raee Bl 1AL B A RNl

conponent Heviafibd, antl nEeRAAEMmeSaaph @mst & prescam e dautpler0Prdfemiblyethd 0 as
shown in Figure 5. Alternatively, : T .
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 masécs {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

N

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 interisity is 0. In contrast, the
, @ean mass shown as 300.2_05909 is the average mass of 4 components identified in
. samples 170, 171, 172 and 173 comprisiﬁg individual mass values of 300.205935,

25  300.20593, 300.205883 and 300.205886 and corresponding intensity values of 6.84 x
108, 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 intﬁe independent samples, standard deviation of
the mean mass, mean intensity of all components with common 10ass, the standa.r_d
deviation of the mean intensity, the npumber of samples cdmﬁrising a unique mass, and

.30 the intensity of each mass in itSrespective sample #. In the event that a particular,

component is not found in a specific sam—ple' #, no value is entered. For _exampié, mean




but not- wishing to be considered limti ng, the data may be processed to
conpare all of = the intensities of conponents in a speci f sanpl e, for
exanple, but not limted to sanple 20 #170 as shown in Fi @fﬁr 2{][{6 an
~alternate enbodi ment of .the present invention, there is provi ded a_met-hod
f-or V|suaI|2|ng mul tiple FT-ICR—IVB rretlabollte anal ysi s data files:]
contain mass and intensity val ues. The net hod corrprl ses the fol [ ow ng-
steps: 25 hﬁas§ 8he.057819 doghrishigametm atterlie 7188300 %i 106 ad fonad;onlsi m wougde ni ng
all of the selected files together, . sorting all of the nmet abgljtes..
accordi ng l#dﬂ@b.mdthusdﬂ%xenmmjngElmﬂﬁcfs)ﬂmréjealtfbnslifeslﬁﬁt]iS A btk ﬁ%‘g’s DSyt are

| 1 f_th | d fil Th
Dt Cach unvabe iR SR Shule gB brebSeRia Rt ShL. B SeopipEt on
intensit e?h%%?t%rﬁt?@ba%@&’oﬁgﬁ ﬂ&%mﬁﬁe BF irkdrdsBF vhfle, 23@hwhh GhFigdaes 4Ini que mass

s found i reating -a data structure conprising a two
di mensipnal (2-D) array in which ‘the unique mass |ist defines the vertical
axi s and the nunber of files selected defines the hqué:glnt al, .axis. The

anount  of. tkaéemgabmto Fxgumﬂeelme 1s|sbowneéata§%cw%@m1%e PR mf

~vertical and, h t al | or
tode. -5 ThaelReishEgonE BRI SERDERBIE I SRR eéf%d;’afﬁegaﬁét°§f‘§fn&§‘%yc° >
nunber “of Vé%;ﬂé‘m#@fmﬂl@ t@demf‘théiﬂ{enéﬁjmtél@éj FhPeihpd, behar toiecbonsidated] i t e

intensity; eratio percent age of the observed intensity to_the
aver age i ntiangingyin efy MermmbemmténsdmothﬁenSﬁtl}’Weblesﬁ‘P@cQ todesscthan h& ratio

5 Tl B bR WA O
for the rap dzfl%m%%rﬁ%@gn ?éc%ﬁd QbloY] Al cﬁ@tfhé’ ks HlytHerld abol i t

data files aresu m nat|1'on andldent cation of ‘netabolite

changes in ﬁ&eﬁhgxmrmagtw@a‘ufmwymy@bmagmdmmed The present
i nvention further contenplates any of the above nentioned data structures.
15 Further, the present invention contenplates any of the above nentioned

data st ruct gres. 90..2C0MY Bl 1,8a0E Bk RlEE) M adiPin BEARR Smubils Bely b M { o

to a conpa
15  processed further or dlsplayed in alternate ways. For example, the intensity values for

each sample number may be compared to the average intensity of the component for all
mdependent samples for example, but not limited to as shown in Figure 3. Alternatwely,

| but not wishing to be considered limiting, the da;aa may be processed to compare all of
the intensities of compoﬁeﬁts in a- speciﬁc se.mple, for e_xample, but not limited to sample

20  #170 as shown in Figure 6.

In an alternate embodJment of the present invention, there is prov1ded a method for
visualizing multxple FT-ICR-MS metabohte analysis data files that contain mass and
intensity values. The method compnses the followmr steps: -
25 _ i) selecting the files that are to be visualized;

~ ii) combining all of the selected files together,.sorting all of the metabolites
according to their mass, and identifying all of the uniqﬁe masses that are present inall -
of the selected files. The average and standard deviation of each umque mass and the

- average and standard dev1at10n of the intensities observed and the number of files in -

30  which the unique mass is found is detcmnned




disc, hard drive or the like, as will be understood by a person of skill in
the art. Also contenplated by the present invention i's the dat a structure
~of the present invention 20 in.conbination wth necessary4h Lﬂmz@
software, or a conbination thereof whi'ch permts the data st ﬂﬁ)f -t he
present invention to obtain data fromwol3 pass data to one or nore:
dat abases, for exanple, -but not linmted to natural product .databases;*
met abol i ¢ pat hweiyi) b thmsdaa s!tnmuumfcompausmgatpnomiynammoual (2-D) arraymwhlch

Or-abi h f h h | ] f th
O e e e K PeafSL AL AL (0
f fil
et oy AT, S B B A rﬁrrgfa e

such as, bujy tietertichliddathrizontal MiseoRkiniaRsardindab a usérd«IRid ablok eodell as
and nass errors In an alternate enbodi ment, the present invention provides

a net hod asThteiaenMymgwd@@ﬂwWﬁ@nmemgd@rwa priny wimbkatod Waysderi ved
froma higher o red d 14. The pr.esent
inventi on &P8%H Eﬁ%{ﬁ &8% é @é‘ﬁ@dm&ﬁm@%ﬁ’é‘%ﬂ&tﬁ P%éﬂ ,1'8 t%r nmi ned
val-ue or Otﬂeﬁs ogﬁfe%b'sﬁlvls@u@éns{tP?o figladerage g&%ﬂmﬁﬁﬁ@i‘aﬁ&ﬁe SR fhe
consisting o a) served netabolTte 1 nten |ty the ratio or

per cent age fiits sélectedser ﬂmctatmtcer;mrtgutﬁga d&fnﬁwaulmeargé intehstysic the abisetvedt
metabolite fromthe files selected; c) the ratig or_percentage of the

observed i rifteRsity 9f ans of Fie sslssied files. of ﬁ@@ﬁém@t}owhmﬁ% T3yus e mctodialows
) e' ectgg f 'fm?%- 2 %cﬁan%oé@h&%feh ﬂﬁyia&e&e\ﬁ{ &S{Y@h&* &nulﬁ@é Iﬂétggsrgg Bgrg] LAgkeristic

t he dat a e enplo own to a
p rson of skd blrekdic! the @rm:ﬁh@nm&a@dtﬂdau@@brmt@&@e ERdHzesdl abelek
system for "anal ysi ng spectroscopi ¢ data conprising a conputer processing
unit, the pnixterssimay henigreatly siplfiask . a) receiving spectroscopi c data
obt ai ned from one or nore sanpl es, each sanple 15 conprising one or nore
conponents wherein each conponent is characterized by at | east

The present invention further contemplates any of the above mentioned data structures.

15  Further, the present invention contemplates any 6f the above mentioned data structures
" on a computer readable medium, for example “but not hmlted toa compact dlSG, ﬂoppy

dlSG 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

.\‘WJ :

permits thé: data structure of the presen;c invention to obtain data from or pass data to.one

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

_ metabolic i:athway databases, Bioinformatics‘ programs or a combination thereof. Further

~ thecells of the data étructufe can be linked to one or more: databases containing all the
25 exper:imental‘infc')rma;tion regarding the metabolite including, but not limited to the file
némé, observed mass, observed intensity, rluality assurance control data, such as, but no’r

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

In an alternate embodiment, the pfesent invention provides a method as defined above
30  wherein the ordered pair of data i5 derived from a higher ordered data set (A-I"A-m XY,
B;..BY. '




an ordered pair of data (X Y) conprising data elenment X and data el ement Y,
‘wherein X is a'nane or identifier of X, or a value equi ﬁaée‘ﬂﬂeor directly
proportional to the mass of conponent X, and Y is a dat b al ue
equi val ent or directly proportional .to the. anmount of the conponent;..-20°b)
processing the data by identifying all.ynique conponents conprising & -
common data el ement X in the sanples-and optionally conputing the average
of all X ther BlosOY iRl TbfBed e iR Ge @hegPibRAbYreitiahe

st andard dewa lon for a ues fromordered data pairs conprising a
common dat @raieeemilﬁed)(valam@rldthe)r geretaistiogpfaheddia stselastadr Somother groing an
array, the array conprising a * 25 plurality of codable cells, each cell.
representi ﬁgﬂﬂSMQﬁue conponent i-n a sanple and assi gned a col or or other

i dentifiabl e character ‘{55’;;1 cp £4d 01 ;8eh& tionship'to a characteristic of
rie Bpikol i

the data, an extri n5| val'ue 'sét by a user. The system nmay

furthersinclude a ”Dn'r.'))ttEérah@of?be?@én@égebhﬂle%ée%vﬁtlﬁﬂeﬁﬁw 10 thetavenge ttastigpi C
30 instrument to generate the spectroscopic data, bot h. Further, any

rel at i onshiqf that naetevditafpmrthe files se]feciterl;e data may be -enpl oyed, . as woul d” be
under st ood by-a perso f ski'll -15- ar,t xa but

limted to a) the ave‘g 1gfio %cﬁea‘f?nfﬂgeaﬂ Qq}ag%’g@mﬁqn ﬁg{oo@engl?sgg%rddered |
data sets; e ZTo[ P{’éesg |1 Y values wi-th uni que data

el enent X c%}lﬂrrt'?h |Jnsrce\(§’g ue gﬁ%a%ee% froma program database or the

like; or d) a val ue bnpedmiiyatornthereof. muweverjmyrmhdmﬂiambtenhm pff hs data -

I nventi-onprovi des a neans to analyze, dis aéﬁ visualize ttasgglﬁ{)&cess | ar ge
“amount 0 of @amehemm@]‘Pélleﬂlﬁs@ﬁ‘bP@sas veQddh ba Knoji toRPperpethe 1e . )
bi ol ogi cal sanples and extracts. Further, the-method provides a neans to = -
analyze the information in a non-target ed and unbi ased fashion to '
determ ne t r b RteRRHLS syHBe fobaudysas Ghedqtdsospit slatot

i nt ended t ﬁ%ﬁ#isg?héqgﬁgﬁnnggd\ﬁﬁveﬁ?l on H?yany manne?’ g% Fur?dkjlpernore t he
“di scussed ccmfhprmﬂlg a)oompu&eﬁooeamgm@hthemmocdsmab@bcmﬂbeyo hecessary for

a) reoelwng spectroseopm data obtained from one or more samples gach sample

15 " comprising one or more components wherein each component is charactenzed by at least
‘- an ordered pair of daia (X,Y) comprising data element X and data element Y wherein X
is a name or identifier of X, or a value equivalen{ or directly proportional to the mass of

component X, and Yis e data element value equivalent or directty proportional to the

amount of the component - , | _

20 -~ b) processing the data by 1dent1fy1ng aﬂ unique components comprising a
common data element X in the sarﬂples and optlonally computing the average of all X
.therefrom; and determining the average and optionally the standard deviation for all Y

values from ordered data pairs comprising a common data element X; and

iif) 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 eolor 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 momtor to display the data structure a Speetroscopm
30  instrument to generate the spectro scopic data, or both. Further, any relationship to a
characteristic of the data may be employed, as would be understood by a person of skill




t.he inventive solution. The present - i nventi on will be further illustrated
"in the follow ng exanpl es. However, it is to be understood that these:
exanpl es are for illustrative purposes only, and shoul d not ao 5 used to
imt the scope of the present invention in any manner. f‘ﬁ) e4 ‘arrpl e
1: Analysis of multiple non-targeted safples Processed’ data files f
‘corrpl ex sanpl eés are first analyzed as described in a previous patent ™
appl i cat i onin(thie art2fo? 8fariild, buCaoidiaiteddo. PCT/ CAOL/ 00111). The results ‘of

. this analysis are in the format as_shown_in Figure 1. Data from rrultlple -
files are then Whﬁuaﬁ@agwg@dmofa%li’ﬁ@ms imorpe; g waaze prdered data &etst age t he

data is reduced onI oni zati on/,extracti on. code,
mass and i nt ensi ﬁtﬁvgﬁ%%é gdl ﬁémgv@g‘%%l @d’mﬁ asl?]ﬁ%%%gr ocessed to
deternine all of cyﬁfeﬂfﬁlmmed%ﬁl@yﬁwmﬁb@m%hﬁe@mdew ation,
and nunber of each unique mass is then determned. This I.ist represents
the. y3axis. A dpiwuaine inpuCheatigd. f or each file that was originally

sel ected to be analyzed. .This list represents the x-axis. The intensity
for each nmiss found in each of the files selected is then filled into its
representative x,y coordinate as is shown in Figure 3. Coordinates 5 that
do not contain an intensity are left blank. Once in.the.array, the data can
be further Tﬁﬁ@ﬂﬁmﬂo@dﬁa&\ﬁr&éﬁﬂmﬁ@ﬂmhérdﬁdd%gni@h% aBAIEI2S displaf e Qistalize
possibilities are shown. As shown in Figure 4 a user may visual ize data by

i nt ensi ty vendiprooessilpige aologris od detn ﬁ:pmmwlemm@dsuqhmdmt pobliméed fy; As

;h"““ O o B Pl PR, BB SRR Pt St Tt & o

from al | ;-gamples ﬁ@h&ﬁfaﬁ‘é&ted%ﬁ uh&aEécﬂwh%@mtd%nﬁﬁﬁrther@ﬁfemﬂ&és%%fwdaﬁoC ess
the data (relative to Figure 4) to conpare all of the intensities to a

"specific fisanglem this case file 170). Thus, the user can simultaneously
display and interpret multiple files. An inportant consideration is that
this method may conprise, but is not limted to a self-creating array. -The

final x andpye 3uss Atk %t BRedRab T thePhled iRviiEndh a8l B, t he

array but
15 Furthermm e, the dlscussed combmatlon of features nught not be absolutely necessary for

. the mventwe solutlon..

' The present invention will be further illustrated in the following examples. Howéver; it
is to.be understood that these examples are for illustrative purposes 01113}, and should not

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

Example—lz Analysis of multiple non-targeted sa-mples
25 o o
Pro cessed'data files from complex sampleé are first analyzéd as deécribed in a previous
* patent application (No. 2,298,181, Canada, No, PCT/CA01/00111). The results of this
analysis are in the format as shown in Figure 1. Data from multiple files are then
combined together I;IS shown in Figure 2. At this stage the data is reduced such that only
30 file name, ionization/ extraction code, mass and iﬁteﬁéity values remain, This combined

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




15 during its creation. . Al references are herein incorporated by .
‘reference. The present invention has been described with ard to .
preferred enbodi ments. 20 However, it will be obvious tozg r.ﬂﬂ_n 08 lIIed
in the art that a nunber of variations and" nodi ficati ons can be .nade .
'wi t hout' departing fromthe scope of thegnvention as described her. ein. 18
JUL 2006 17 THE EMBODI MENTS OF THE I'NVENTI ON I N WHI CH AN EXCLUSI VE PROPERTY
"OF PRI VI LEGE LS £l MERHARS BBTAER: A 0ulMBierinda i ot régrplentsthe od

met hod of generating a two di nensional representation of spectrogébalphl C
- data col | egtaxds. fA osbumnid meaiédfoyemfdaﬂqatwaﬁor@mﬂlyaﬁlemdmbeE’m@

plurality.of conmponents, ¢o r| Si ngt e steps of base
of spect r odigbispreseris ﬁ'lec?%ﬁl%c gP‘imt‘{mGF& %‘éﬁf)ﬁ% e| n
the spectrosgco ata. f.rom each doict, gﬁgsect ed
in each of ! ssti'l ﬁﬁ?ﬁﬁb‘r 45 FProsERT Vg;{’gsc%?%&ﬁﬁﬁt spectrggr apﬁgrgglta
char actgri %ﬁdﬂao%t é@ﬂtﬁﬁn%ﬁ'@?ﬂﬁ?‘a@e Rifich1anls RO@Rdn tifneeiy] bg daffvan bddither

unt o

characteristic of the ano sai d. conponents detected in each.of said
sanpl es; ( lpromesedratiivigahzeddrydesingioghet aodes Thype sichgasubilises agchowr Hse

Spettrogr Sﬁhéﬁﬁﬁééiﬂw' o BoRHBE el et bSO
spectrogra
data; (c) ﬁgdngggﬁj%%gm% Slgasﬁgwﬂqg %ﬁés Q/ﬁsewzﬁi} RRBeOprobRiEhd esrandar y

data ele onparing al'l said data el enents X

cont ai ned i (Ehlith% t6 @oaRa) By adtdpartitthé mermiﬁgto\ﬂm mhramulﬂ:emwmmasmﬂahobte

substantially the sane; (e) calculatin the aver age data eIe nt X for each

dat a elenerﬁronxaﬂ@ammhsaﬁe@cd aRd imTignye Gihe gear mnay) EFRFHPEORSWER e i ned)
to be substail}l al I}/ ane; file 170). Th
, e 4]to compare of the intensities to a specific file (mthls case file 170). Thus,

r—

the user can smmltaneously display and interpret multiple files. An unportant
consideration is that this method may comprise, but is not limited to 2 sc}f-creating array.
The final 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 pr_eséﬁt invention has been described with regard to Apreferred embodjmepts. '
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.




(f) calculating the average data el enent X for each of the dat a el errents X
for which a plurality of data el enments X were not determn B,ﬂ@'_
substantially the sane; (g) generating a two dinensional array o sal d
data wherein one axis is defined by a1t7pl urality of average data el enents X
so determned in steps e) and.f) and the other axis is defined by one or a
conbi nation of two or nore secondary data elenents, and the array cell
described by the intersection of such axes contains data specific to one

Gt o el enfHiE SMBEINERTS DR ik RENELEINGBHCAT BediBile BROPRBIY 71 g

dat a; andOFIPRIVILEGE IS CUAHMED ARP DEFIRED AT POLEOWSY of said data, said two
di rensional array offering an inproved visual representation of said
spectrographic data. 16 JUL 2006 18 2. The nethod as defined in Claiml,

wherein the samphputariplRirined adthod BRYeRsratifg aTt% dﬁbﬁ@&waﬁe&%éﬂ%d n

Claiml, V\/nereln the spectroscopic data is derived from Four1 er

transformion® c?E?%‘tOQEﬁPhPCEQBWaﬁ@@CFP&s§r°§1p@cplufﬂ¥b‘t of S(amﬂiﬁ) eagh ghahight hod
as defined lnccﬂtélhéfhiaiuramﬁbﬁédhﬁdﬂ.@nﬁpé&ﬁ‘s é%te%@to? S der| ved from an

anal ytical i nstrurrent sel ected fromthe group consisting mass

spect ronet er, (@ viRyiging a datakgse 19§ spsetcesconist eata qqmtfécﬂ\ld@%%ldl\ﬁgmw of
Resonance) . 5. Tr@nﬁ?ﬂéﬁoﬂhé‘élrﬂﬂ{é @Sébtidécéﬂlé'dﬂé’fro\%‘%raﬁh Noft B Sd?ﬁﬁﬁtﬁ/oérc‘)p' c

data is derived from the conbination of a nass spectroneter and
chr omat ogr aphi ¢ s%‘ﬂré?ﬂenﬁ defestede i achh of geaid ramnles d3 &Pmpﬂsemr@fﬁsﬁ he

spect r ogr aphic d%{%cﬁ%‘gbhlél Hﬂaxchérﬁc@hﬁlmssﬁé SR RARORGAT 2 Lecohe

met hod as defined in wherei n the spectrographic data conprising X

is the combinati oWeSHOgmRBNIgaEataApTARielstic h thenamernt e RpRATeRANENS.  The
net hod as defi nedydtdctéd @i dach.of WhaIs@hipidshe spectrographic data conprising Y

is the intensity of the conponent.

(b} © generating an ordered pair (X, Y) of data for each of the components
contained in the database where X is correlated with said first specirographic
data and Y is correlated with said second spectrographic data;

(c) associating said ordered pairs (X, Y) with one or more secondary data
elements of identifying data;

(d) comparing all said data elements X contained in the database and
determining which data elements X are substantially the same;

(e) calculating the average data element X for each data element X for which a
plurality of data elements X were so determined to be substantially the same;

() calculating the average data element X for each of the data elements X for
which a plurality of data elements X were not determined to be substantially
the same; 7

(g) generating a two dimensional array of said data wherein one axis is defined
by a plurality of average data elements X so determined in steps e) and f)
and the other axis is defined by one or a combination of two or more
secondary data elements, and the array cell described by the intersection of
such axes contains data specific to one or both of the axes so defined and
selected from the group consisting of: data element X, data element Y, and
secondary data elements of identifying data; and

(h) outputting said two dimensional array of said data, said two dimensional
array offering an improved visual representation of said spectrographic data. -




9. The nethod as defined in Claim1l, wherein the secondary data elenent is
one or a conbination of two or nore el enents sel ected frrf%j Qfoﬂ?r Qup
consisting of: file nane of the sanple; extraction condi 04 Obhe
sanpl e; experinental conditions fromwhich the sanple was obtained;

i-oni zati on node of the mass spectrorretéf?; retention tine of the conponent
in a colum; nolecular forrmula of the conponent; mass of a conponent; and
qual ity assurance/qual ity control i nfornati on regarding the sanple. 10.

o the nése NSHERELRDAFISRE T fiaitlcvBr e SeBEBRAD polsaica THORERL & |

selected 1 8 JUL 2096 19 fromthe group conS| sting of: extraction

condi tiong of L oni.zati.on of the mass spectroneter; and
retenti on§t| B ‘%ﬁ‘g}) HS%T?E’ FHmyl, eu‘?l‘ﬂ thelipeoﬁfﬁﬁcqm‘liﬂfﬁ is;deryeflifiogy i n
daim1, wher elﬁmutlbetréiﬁcﬂrrﬁlbﬁ dgdistich freSorin@a Mase Gpb&ravhdteFTRINANsi on al ong
the axis defined by one or a conbination of two or nore secondary el enents

so defined as conparisons between sanples are made. 12. The nethod as

defined in. O Fhendsthodhes gefinddne Olainal , SiHansih lﬂﬁ@sﬂe’i:tr@é&ﬁa‘"& &4 id Gerivie8 it for
i n ascendi ng or

sorting, and displayin f the data defined by Y

descendi ng oragra[% i%cal %@”W@Ph?ﬂe%%d efhithearqul cengiptinglof: wiaes eperticmeterat a
structure is okBRiRes w\@sp&%meterfNmmufcleagi\nagﬁéidhés%ﬁb{&éjg of the data
according to the mass of the conponents. 14. The method as defined in

Caim1l, wherein the data structure is organized to permt for sorting,

and di spl ayi ngh@mdthed datierirRaGR CIHiIno1 wet—é]ﬁ t@éﬁ&&b@&f t5 is a@rt\éatfﬂo%' time
of the conponﬁ,\’em]tg The net hod as defin in Ccaim wherein the data

structure is rajiop of a SPe?t(ﬂm%tS??”%Chraﬁ‘@t%féw(‘awsﬁﬁnof the data
according to any conbination of primary and secondary data el enents,

wherein the second el enpnt s e
: Q ‘la‘ﬁ E%thd as deiined in %’Iaim 1, wherein the spectrographic data comprising X

is the mass of the component.

7. The method as defined in Claim 1, wherein the spectrographic data comprising X
is the combination of the mass and retention time of the component.

8. The method as defined in Claim 1, wherein the spectrographic data comprising Y
is the intensity of the component.

9. The method as defined in Claim 1, wherein the secondary data element is one or a
combination of two or more elements selécted from the group consisting of; file
name of the sample; exiraction conditions of the sample; experimental conditions
from which the sémple was obtained; ionization mode of the mass spectrometer;
retention time of the component in a column; molecular formula of the component;
mass of a component; and quality assurance/quality control information regarding
the sample.

10.  The method as defined in Claim 1, wherein data element X is the combination of
the mass of the component and one or more secondary data elements selected




selected fromthe group consisting of: file nanme of the sanple; extraction
conditions of the sanple; experinental conditions from whi dkﬁ e | e was
obt ai ned; ionization node of the nass spectroneter; retention ting of the
conmponent in a colum; nolecular for rrul1? of the conmponent, nass of a
conponent; and quality assurance or quality control information regarding
the sanple. 16. The nethod as defined in Caiml wherein the data
contained within the data structure defined in step (g) is passed to and
further proced¥aytheygraupiconsistingneft exteaction egnditinns 8 tidkapIeSioARafloh mbhe

‘met hod as def igpgd 4 ' er ej ta.contained within the data
structure defi ng‘% '?ﬂ'ﬁsﬁﬁgégﬂ%ge@’sé@a%géggg? gﬁ'g °ﬂﬁlelﬁ9£?p°a%‘dﬁ@t°§%m-abase. 18.
The nethod as defined in Claim1 wherein the data contained within the data
structure qgefi i 4 | ssed to tabol i c pat hway dat abase.

To A comat er e nted o6 Befifbe h TR Stheinthe SR i Frorariaed o allow

repr esent at i oexp@isigpedngotieaphiscdefied by wmedat @ tomBisatRner alvBdod hiyfe t he

mass spectro i jis of .a plurality of sanples, each of which
contain a pl E‘rg %ﬁr@? r@@g'lé‘)éﬁp{?os e‘iﬁﬁge‘?éﬁﬁB’F‘P@'%lﬁ?QSPﬁ@V&&f\éﬁg‘lplqsge 898i ni ng a
list of masses and intensities froma plurality of sanples analyzed by, a
mass spectso r inLa. plurality of conpopnents were detected in each
of the saﬁr%’l reTg?] 8(%%@%% ﬂ%ﬁ% dshi él‘a'r%{ st Svhistelg ¢ eézfaltﬁqlsgu?fé‘iea'ss?fﬂﬁ’é'?@ﬁ & (c)
processi ng sabermdbtfer sotingt aneé digplayioy wf ngeadidta OdefihBe BRYS#S abBdrRling or
sub- gr oups og?ggg‘lgﬁa& gt are substantially the same; (d) cal culating the
su

average nmass of eac =group so determ ned; (e) generating a two
di rensional array of the data wherein the average group mass determ ned in

step (d) defi R rﬂ&ﬁo@)gssdef}ngg |?16Erlgime 1', C\iru netrc-leigtlt é dgteg Ist?&csture is organized to
permit for sorting, and displaying of the data according to the mass of the
components.

14.  The method as defined in Claim 1, wherein the data structure is organized to

permit for sorting, and displaying of the data according to the chromatographic
retention time of the component.

15. The method as defined in Claim 1, wherein the data structure is organized to
permit for sorting, and displaying of the data according to any combination of
primary and secondary data elements, wherein the secondary elements are
selected from the group consisting of: file hame of the sample; exiraction
conditions of the sample; experimental conditions from which the sample was
obtained; ionization mode of the mass spectrometer; retention time of the
component in a column; molecular formula of the component, mass of a

component; and quality assurance or quality control information regarding the
sample.

16. The method as defined in Claim 1 wherein the data contained within the data

structure defined in step (g) is passed to and further processed by a bicinformatics
program.




the other axis, and the array cell defined by the intersgction of these two
axes contains information specific to the axes so define 8adHLsmﬁsct ed from
the group consisting of: intensity, mass, sanple information. 20. The

met hod as defined in Caim19 wherein the data contained within the data
structure defined in step (e) is passeéd to and further processed by a

bi oinformatics program 21. The nethod as defined in Caim19 wherein the
data contained within the data structure defined in step (e) is passed to

a nat Ural PhofuRish HAIANEaS CRn 1 WiRrd WP ESo8TbA SN L@k 10 wher i n

the data containe ta structure ined In step (e) is passed
to a met absiriguneatefineg indrdertsn sepassed Uk naivos propuats dambaseory for storing
data for access by an application program bei ng executed on a data
processi ng system conprising a data structure stored in said nenory, said
dat a 'st8.ucThe eratimel asddefiped irf Glatratlivdrerein dheidata comained adthivdbe daed by sai d

applicatio r | L L& di nensi onal
representa Ir%cﬁur%g{ eﬁ%%@ﬁt%@%ﬁ%gégg agé%t{b(eag‘? E%tﬁhr@g%ﬁtgbp urality of

sanpl es, each of which contains a plurality of conponents, and incl uding:
sai d spegctro i.C - j ralit.\ : erein
t he SE ‘ct f‘o‘*ﬁ"@ﬁ%‘% ﬁ'@ﬁegm%n?%&mﬁﬁeg@ %ﬁé)éﬁael agfnglagé@l ?‘H fhélp R%:lo'r%}g'[ogr%éﬁlt%gc%ﬂt ected
i n each of ofapecirogeanpiie slatas fromnghata sfidles generafedr Eomsthecmass) sppHrameiag a
characteristjc.of .said ¢o C . r i

characteri gpzialgs%f)f?ﬁéurg gﬁ?ﬁﬁ@%g,a?ag:ﬂgog%zcﬁe%ﬂgaﬁgg:ﬁﬁerc@gg??ﬁ‘nggc %f sai d
sanpl es; apompdengthepseps: (X, Y) of data for each of the conponents

contained in the .databas e ' [ te b j [ d
spectrogr af) i cog’?fnénga%g&\??p\ggg%sr ?%EI fé] egéﬂeémﬁ{)ﬁ as@?@'@&é%%@g?%ea@% ggr aphi c
data, said ordeyednpss sgectrdme¥r wergiy agdsratity af edmppindnts vieee deteptgddn
secondary data i.dentifying data; and a two di nensional array of
sai d data V\her&glﬁﬁgﬁggz’ﬁﬁ' Iels's defined by a plurality of

(by combining said lists into a single data structure;

(c) processing said data structure by grouping all of the masses into sub-groups
of masses that are substantially the same;

(d) ~ calculating the average mass of each sub-group so determined;

(e) generating a two dimensicnal array of the data wherein the average group
mass determined in step {d) defines one axis, the sample identifier defines
the other axis, and the array cell defined by the intersection of these two
axes contains information specific to the axes so defined and selected from

the group consisting of: intensity, mass, sample information.

20. The method as defined in Claim 19 wherein the data contained within the data
structure defined in step (e) is passed to and further processed by a bioinformatics

program.

21. The method as defined in Claim 19 wherein the data contained within the data

structure defined in step (e) is passed to a natural products database.

22. The method as defined in Ciaim 19 wherein the data contained within the data
structure defined in step (e) is passed to a metabolic pathway database.




average data elenents X determ ned by performng the steps of: conparing
all said data elenents X contained in the database and défgrUUDi BWni ch
data el enents X are substantially the sane; calculating the avera%g dat a

el ement X for each data el enent X for ich a plurality of data elenments X
were so determned to be substantially“the sane; and cal cul ating the
average data elenent X for each of the data elenents X for which a

plurali 0 Sy term ' y the

e o ha iy or R iath Pk e by o SEIRAAGH pl o BB ALY {10 e
secondary dafiaia pspeaseing systamdcermnprising ayataatiucites stoidddnl saiy radreoriyngaid sect i on
of such ax ' A kil : defi ned
and"sel cot e'F PhactyEInd@if nfdfalion fosl P GltabReleth bV e HBiedBn oY,
and secondairggraat, saig datrestructt congrising witwg diedrsiordlirepidsentatiomof) as defi ned

ot i nod | n BoRr A 9ee U SARLERoft Lo b8 sERPRA R T e el S s

Fouri er tr gnghtilymf conponyaritntandindelranance nass spectroneter (FTMS). 11 8
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spectroscopi C 58%{‘} c?sgg @gﬁf?/a&€3°°ﬂ$‘§%‘ﬂ3g°ﬁ"1 gsr?ﬁ ?P[erﬁﬁ‘?’qun%ﬁpu?l’ﬁgn@#%gpe@?ed from
t he gr capectostepEtdatg frof eadssf saip phiralityref eompynesitbbetecteR in @achMdf said
SPees L Ryids Wl B 3 oI5y RS ORI SRR e
conbi naridoa sEcond repsstragraitic alakt eharaoigristicc bf dreaboguatpbi caidysihgrmaned8. The
et e PaedEl R s RBbEY 50 “The memory as defined in Qaimzs 0
wher ei n t hears pedtered grabipiX, cY)det dateofgoreahngf ke compéreentorbitatiedoin b t he
I R0 o Bl S ORERAR dfiarlE AR 9 SSTbaed I
with said second spectrographic data, said ordered pairs (X, Y) being associated with
one or more secondary data elements of identifying data; and
a two dimensional array of said data wherein one axis is defined by a plurality of
average data elements X determined by performing the steps of:
comparing all said data elements X contained in the database and
determining which data elements X are substantially the same;
calculating the average data element X for each data element X for which a
plurality of data elements X were so determined to be substantially the same; and
calculating the average data element X for each of the data elements X for
which a plurality of data elements X were not determihed to be substantially the
same;
and the other axis is defined by one or a combination of two or more secondary data
elements, and the array cell described by the intersection of such axes contains data
specific to one or both of the axes so defined and selected from the group consisting of:
data element X, data element Y, and secondary data elements of identifying data.

24.  The memory as defined in Claim 23, wherein the samples are biological samples.

25. The memory as defined in Claim 23, wherein the spectroscopic data is derived

from a Fourier transform ion cyclotron resonance mass spectrometer (FTMS).




is the intensity of the conmponent. 31. The nenory as defined in C aim 23,
wherei n the secondary data el ement is one or a combi nd§ifogiibf 20080 or nore
el ements selected fromthe group consisting of. file name of the sanple;
extraction conditions of the sanple; eyxperinental conditions from which
t-he sanpl e was obt ai ned; ionization node of the mass spectroneter;
retention tine of the conponent in a colum; nolecular formula of the
conponent; nass of a conponent; and quality assurance/quality contro

i nf or i OB i , ... 1he nory.as defi,ned in Caim 23,
wher eirr%%'da?- gegﬂgﬁ&gh{@&d%@ﬁ?ﬁ@n@%ﬁﬂi%ﬁt‘”fhgﬁe"bgﬁe PRRFUREEPIG fatays c!éﬁ‘;(fi'l‘ff)‘ilnent and
one or nor &osecundaniyticat instelmentnselestet eftdradthel geoupt REngstingp o om@Est i ng of :
extraction i f1.0ns he,sanpl &;, 1 oni,zati.on f the nass,

spect r onet gﬁ?&gdr?goét%;t g%[bllédnq?l rr%npo tﬁBG%tb%%?{enﬁRﬁ Q‘?l&éﬁﬁﬁml.\ﬂagi'@"‘aUL 2006
23 33. TheRespoanceas defined in Caim23, wherein the data structure is

organi zed to allow expansion along the axis defined by one or a
conbi nation of two or nore secondary elenents so defined as conparisons

bet wee@7saifheanemory amdefingdtin Thim PSIWhEreds ttespatdstdpicCiaians 2rivedier ei n
the data s cture s argapized to permt for sorting, and displaying of
the data dtér%ﬁhtbg °§(}‘b¢‘aﬁﬁ’98€%8‘ﬁa? ﬁ@e%l'%m%?@gﬁoqr\ﬁﬂnﬁpaépm%%ﬁeﬁhe menory as
defined in Caim23, wherein the data structure is organized to permt for
sortin a di spl ayi ng.of  t da ccarding to the nass of the

conpon&fit s %@é‘?eﬁ?{@%ﬁéﬁﬁ?fp Qrs}’qﬁ'g} #ﬁé@""ﬁ“ﬂ” éﬁeﬁ%w@srame Matacompsisigrs
structure issthemgassiof ¢k dompgpentrit for sorting, and displaying of the data

according to the chromatographic retention time of the conponent. 37. The
menory as defined in Caim23, wherein the data structure is organi zed to

per m t 29.or Themnteéngy aandfickdipl Glximes, aihekdie titdpacRegrapsit agtat ehntsingorbi nat i on
of is the combination of the mass and retention time of the component. |

30. The memory as defined in Claim 23, wherein the spectrographic data comprisihg Y
is the intensity of the component.

31. - The memory as defined in Claim 23, wherein the secondary data element is one or
a combination of two or more elements selected from the group consisting of: file
name of the sample; extraction conditions of the sample; experimental conditions
from which the sample was obtained; ionization mode of the mass spectrometer;
retention time of the component in a column; molecular formuta of the component;

mass of a component; and quality assurance/quality control information regarding
the sample.

32.  The memory as defined in Claim 23, wherein data element X is the combination of
the mass of the component and one or more secondary data elements seiected
from the group consisting of: extraction conditions of the sample; ionization mode
of the mass spectrometer; and retention time of the component in a column.




primary and secondary data el enents, wherein_the seconda?@ ,ﬁl{e%@is are
sel ected fromthe group consisting of file name of the sanpl e traction
conditions of the sanple; experimental conditions from which the sanple was
obt ai ned; ionization node of the nmass gpectroneter; retention tinme of the
conponent in a colum; nolecular fornula of the conponent, mass of a
conmponent; and quality assurance or quality control information regarding

t he sa%l eThe memory as defined in Claim 23, wherein the data structure is organized to

allow expansion along the axis defined by one or a combination of two or more
secondary elements so defined as comparisons between samples are made.

34. The memory as defined in Claim 23, wherein the data structure is organized to
permit for sorting, and displaying of the data defined by Y in ascending or
descending order.

'35. The memory as defined in Claim 23, wherein the data structure is organized to
permit for sorting, and displaying of the data accordlng to the mass of the
components.

' 36. The memory as defined in Claim 23, wherein the data structure is organized to
permit for serting, and displaying of the data according to the chromatographic
retention time of the component.

37. The memory as defined in Claim 23, wherein the data structure is organized to
permit for sorting, and displaying of the data according to any combination of
primary and secondary data elements, wherein the secondary elements are
selected from the group consisting of: file name of the sample; extraction
conditions of the sample; experimental conditions from which the sample was
obtained; ionization mode of the mass specirometer; retention time of the
component in a column; molecular formula of the component,l mass of a
component; and quality assurance or quality control information regarding the
sample.




