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Field of Invention 10 This invention relates to processes, apparatus,
media and signals for automatically aligning objects in images, such as
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meéasure used. One application where object matching in images can be
performed is in the analysis of nuclear magnetic resonance (NMR) spectra

and the 20 alignment;gf equiISDNIP A THRLAkPRRA!TAP each other.

An NMR spectrum typically comprises a one-dimensional or
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(NMizhéae anahusingseecaplex biological samples and comparing them to
each other has a long history in medical applications. For example,
comparative metabolic profiling of the endogenous metabolites produced
by2ai ésdivpdioal of Retatedndrhics) using NMR has been utilized in the early
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spectral congestion of 1H NMR spectra from complex biological samgle%
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An NMR spectrum typically comprises a one-dimensional or multi-dimensional
image that consists of objects that represent molecular features of 2 sample. Examples
of molecular features of a sample include, but are not limited to, the presence of
specific metabolites or other molecules within the sample. The use of NMR

25  spectroscopy (NMR) for analyzing complex biological samples and comparing them to
each other has a long history in medical appiications. For example, comparative
metabolic profiling of the endogenous metabolites produced by an individual
(metabonomics) using NMR has been utilized in the early prediction of response to
doxorubicin and interleukin-2 treatment. See, Ewens ef al., 2006, Cancer Res. 66, 5419.

30 Many metabonomics studies using NMR are based on one dimensional "H NMR,
which has less sample acquisition tirhe and is easy to analyze. However, the high
s;:eétral congestion of 1H NMR spectra from complex biological samples limits the

number of metabolites that can be uniquely identified and guantified.



8-20. Because almost all endogenous metabolites contain carbon, the

- second 13C NMR dimension provides a greatly extended spectral range
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(-200 parts per million) and 5 enables separation and accurate
identification of many metabolites that congest into a single object along

the 'H NMR dimensiom,Hiayeyangorepaning MR metraaks AeiHesa

requires aligning NMR objects (peaks) representing the same metabolites
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metabolite across samples or replicates 10 is not fixed in the
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tidimensional NMR metabolic profiles presents a classic Egroblem: the

alignniéinerst oisfeesoi, imilgasstrronlirct tocsbibie Sucaropeaksateadrom the same
appearin the,NMRSeestiaMangimades s chiRs AMR Haabalic The

profile§, éxhibit characteristics that can be exploited in order to align
bbjlces innidrigeoTiter XA fplesahbagH the ORISR R B EYLR spectrum.
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region of the same spectrum display similar shifting patterns, in which
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Conventional progesses for aligning objects in images do not satisfactorily
expIBIEH SR SRERSS ?ﬁﬁ&ﬂ%&a?gé‘é? é?wﬁ’??’ﬂ%@&dingly, what are needed

in the art 3Gwredmpeduadt piracrssess, appraiss; nfedidtaindsigoaid FoviR
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zi gr%@@fn%{a%g g %%f:lrlgs% gﬁ%ﬁ%’ &%@?Qﬁ&?@?&%@ﬁ{ %Eu&ﬂﬁ%@iﬁ%gder to align
objects in the images. For example, although the object shifting of the NMR spectrum
is globally inconsistent, the objects within a small region of the same spectrum display
similar shifting patterns, in which such objects shift towards similar directions with
similar extent. As a result, the local patterns across different spectra are usually

matched. Conventional processes for aligning objects in images do not satisfactorily

exploit these patterns of matched local shift. Accordingly, what are needed in the art

30 are improved processes, apparatus, media and signals for aligning objects in a plurality

images that take advantage of patterns of matched local shift.



for aligning objects in a plurality of images can be used for general point
alignment 5 problems in N-dimensional images such as two-dimensional
NMR spectra. Advantageously, the improved processes, apparatus,
media and signals for aligning objects in a plurality of images take

advantage of patterns omnateher {oeat 31t BoemNTsodiment provides a
method for aligning objects, such as peaks, in a plyrality of objkg tsﬁ. X
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object sef, ther constructing a plurality of obj RS Ths S ;
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plurality of similarity metrics are computed. Each such similarity metric is

betRABERITE ThectashEu ectssiediahtrtinf ShRadmmMo e Eibup it thethod
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The purpose of such a computation is to determine which object group 1o place the
respective object. The respective object is added to a first object group in the plurality
of object groups when two conditions are satisfied. First, the similarity metric between
the respective object and objects in the first object group must be better than the
similarity metric between the respective object and objects in any other object group in
the plurality of object groups. Second, coordinate differences between the respective
object and objects in the first object group must be below threshold values. Otherwise,
if these conditions do not hold true, a new object group is created and the respective
object group is added to the newly created object group. The process of assigning

objects to object groups is repeated for each remaining object set in the plurality of

3



A first object in a first object set is aligned to a second object in a second
object set when the first object and the second object represent the same
observable in the two 5 object sets. For example, if the first object
represents the presence or the abundance of a particular metabolite, than
the second object also represents the presence or the abundance of the
partigetareisettbilitanees. wlickisthaig:sdadhe wHjecbind aiRyRage deemed to

(0065%1@%1&89&% Sursgethefissh Qbiclinays ﬁﬁ%%ﬁﬂ{aﬁh? E’f%ﬁr‘ee’t?@e@rai@%ligned.
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present invention is an assignment operation. For a plurality’ of object
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first dimension indicator for the Object in the first object group; 30 H2 is

the SHEBRGMIRBFRSDIF FREHEs FEFiaR TRISsECM ORI N Al etREhip e

dim%ﬂg@a '%q;q@lt&&j?wkégcgtgj%;,in the first object group; Bc is the first
r

[
dimension threshold limit; and 4 BH is the second dimension Ht]reshold
limit. In some embodiments, each object in an object group or o

iect set s
characterized by a first dimension value X and a second dimension value Y. In some

20 embodiments, the first dimenéion value X corresponds to the nuclear magnetic
resonance of carbon (*C) atoms, and the second dimension value Y corresponds to the
nuclear magnetic resonance of hydrogen (*H) atoms, and the coordinate differences
between the respective object and an object in the first object group is below threshold

values when
25 |C* ~C"{ < B,, and
|H*~H'|< B,
where
(* is the first dimension indicator for the respective object;
C* is the first dimension indicator for the object in the first object group;
30 H is the second dimension indicator for the respective object;
H' is the second dimension indicator for the object in the first object
group;
Be is the first dimension threshold limit; and
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In some embodiments, each image in the plurality of images is a

two-dimensional image. In some embodiments, each image in the plurality

of images is an N-dimensional image, where N is equal to 1 or greater. In

some embodiments, a 5 coordinate difference between the respective

object and an ghjectip thefitstiobjettngigeyhisdigtow threshold values

when | CI' -C,<B" %%7. -Cz<Bz 10CN - %NKBI}L where C2 is the i'h

dimensidh It E0 Wﬁlétﬁ*e%’ﬁ%éﬁ\iaéeomé § R oL SR Srision
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dimension threshold. limit. In.some .embodiments, each image in the ..
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5 imagelindheliffaradity bitimeay g s spaivaitjectsiotah' b8 mthel Sagt object

magnetic resonan the objects in the image are peaks in

hO AU e o A e

imensiona nuclear magnetic resonance spectrum. 20 In

some embodiments, an image in theplurdlityedf, images is a
two-dimensional nuclear magnetic resonance (NMR) spectrum, a
three-dimensional NMR spectrum, 6Fafdart difaensional NMR spectrum
and the objects in the image are peaks in the NMR spectrum. In some
embodiments, an image in the plurality of images is a two- dimensional
heteronuclear or homonuclear magnetic resonance spectrum and objects
in 25 the image are peaks in the two-dimensional heteronuclear or

1o Nomonuclear magnetic resonance z@ec_trg . In,some embodiments, an
object set in the plurality of object sets’ corf%rise% 50 objects, 200 objects,
10Q@Hbjects, or 10000 objects. In some embodiments, the plurality of
images comprise 'H-13C puclear magnetic resonance spectra, and a

similarity metric s dermsitetimeieendiragpdenithe sopspive iRt tn
e s L DM R o
is they similarity metric between the respective object p,

i5 B; is the i dimension threshold limit.

In some embodiments, each image in the plurality of images is a two-
dimensional image. In some embodiments, an image in the plurality of images isa
two-dimensional 'H-"3C nuclear magnetic resonance spectrum and the objects in the |
image are peaks in the two-dimensional '4-BC nuclear magnetic resonance spectrum.

20  In some embodiments, an image in the plurality of images is a two-dimensional nuclear
magnetic resonance (NMR) spectrum, a three-dimensional NMR spectrum, or a four-
dimensional NMR spectrum and the objects in the image are peaks in the NMR
spectrum. In some embodiments, an image in the plurality of images is a two-
dimensional heteronuclear or homonuclear magnetic resonance spectrum and objects in

25 the image are peaks in the two-dimensional heteronuclear or homonuclear magnetic
resonance spectrum. In some embodiments, an object set in the plurality of object sets
comprises 50 objects, 200 objects, 1000 objects, or 10000 objects.

Tn some embodiments, the plurality of images comprise ‘'H-""C nuclear
magnetic resonance spectra, and a similarity metric is computed between a respective

30  object and an object in an object group in the plurality of object groups according to the

formula;



and an object pj in the object group; 5 C; is the coordinate of p, in the 13C
dimension; C is the coordinate of j3 in the 13C dimension; H, is the
coordinate of p, in the 'H dimension; H is the coordinate of p, in the 'H
dimension; and X is a normalizing constant. 10 In some embodiments,
the similarity metric between the respective gg' ct jeGts ip the first
object group is Blé?%ié)"tﬁ'n_th ng‘ﬁlﬁﬁﬁf; etri ééétv?& n%?ﬁ‘ésp% tive
object anghahjects of any other object group in the plurality of object
groups when the similarity metric between the respective objectand =~ _
objects in the firstéBjedy gibths ’pjlaniemelais e srmihRgF PRt object 2,
between the respective qQhject and the objects 15 in any other object
S B 6Bk

gr8l EPIftaityt f&78Bps. In some embodiments, the method

5 further compris iQRH@A'%!ff}SiBQ%%%ﬁ%@%%?@i%%@ﬁ“ the plurality of

object groups. For example, one op on appro comprises (i)
selecting a subqglnk{y[pgmd@ﬁ@@jﬁcp RURs iPctheRiwiality of object
groups, (ii) selecting the subcombination of objects from an object set in
the plurality of 28;¢bjeetnseimitatfafe astighEditm¢hssybcombination of
object groups, (:I;)B(ﬁ::)mputin | a similarity score for each possible object -
object group co tcirerinaselebiclr BapEuHBREHER Bobjects and
the selected su combinaticlm.of object groups, and (iv) reassigning the
selected subcoriBiftation or OBjECts in the object set to object groups in

10 the seleciacsubeorhbitation, dhokjedagtp upsrisdssdegpchabesmivjict object and

object graup,25.c ination.that,achieved. the imilar instep
R Fe e S R S
objespsatin thiqslend ity oftobfestseter Ivbjs@ﬁﬁeoemqmm&itﬁré@ﬁ)zt groups
(1) {ith AR (RLERAIECHIRLA ASTRIRRLUREAAIRAIAN AL WPIRErst object
groups in the plurality of object groups. In some émbodiments, steps (ii),

(iii)) ceann (hArerteTEinadtheosioiledbhretijischeiataentie peretily oPtechpedhe objects
15 Sets,with she gy diftrrs ot &}éqqqm@é@aﬁ@gj@&%bmgrwps in the

plurality of object groups. 6 In Some embodiments, steps (i), (i), (i), and,
(iv) are rePeitBd seerirtRisshaRaR FEiE FEBP OIS SRS i signment
ang,{ivdiisforaciferant:s upeenRinalion. of oo bieshaeouRs dptthezaligaliproach
of bject grayps I some ebodint i Biimisation pehod et
corfipPBESRA FapEsERg ject group plurality of obj
groups, (ii) selecting the subcombination of objects from an object set in the plurality of
20  objects sets that are assigned to the subcombination of object groups, (iii) computing a
similarity score for each possible object - object group combination of the selected
subcombination of objects and the selected subcombination of object groups, and (iv)
reassigning the selected subcombintation of objects in the object set to object groups in
the selected subcombination of object groups based upon the object - object group
25  combination that achieved the best similarity score in step (iii). In some embodiments,
steps (i), (iii) and (iv) are repeated for each object set in the plurality of object sets. In
some embodiments, steps (1), (ii), (iii), and (iv) are repeated for a different
subcombination of obiect groups in the plurality of object groups. In some
embodiments, steps (i1), (ili), and (iv) are repeated for each object set in the plurality of
30  object sets with the given different subcombination of object groups in the plurality of

object groups.
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5 steps (ii), (iii) and (iv) for each object set in the plurality of object sets,
and (vi) determining whether a value for an objective function has
improved relative to a value for the objective function before step (v). If
the objective function has improved, steps (i), (ii), (iii), and (iv) are

repeated,fqra differsmtaRcampingtian aliobiaet Gioursipdhed Bhveityiots,

object groups. If the gbjective function has not improved, the optlmlzatlon

@i}éf@ﬁ%ﬁ@a@aom@&m@éﬁaéﬁh.m@n@dm@aﬁ@&m PR SROSSPRBRARGR of
edofouignmepureReTalbidst f@lignment proposal) _ Y J (object
groupk) k =t, all ohject group in the plurality of ohject groups wher .
Hobject QoS SPaT R P a PR E 28 TR GHoL R RETH Lfrpestn
emtlapgimenﬁs) ihe @{grahtgvaeiﬁ kﬁhﬁge&cmmmghﬁamyldﬁﬁbj actaleds and (vi)
netlc reso sim
l}g\)&%‘g&é B‘ft: 16%1} Haftl(e j%%% P, i 5#12 J egrgél%iﬁen{thaevame
136rdhmebgsmnfe ﬁ;nstﬁtmbeﬁ;@ﬁdst@tevbf biblecb!pg qeiive lﬁ]mctxgndms Japtineed, steps
O H| |s the d|n t e ec
th@l—?@]’iﬂ ’S|on |s co%%o %%%gd c% %ét%gl)ﬁ% Ject g%ga?%? tkgt}f?upﬁm the
diplerionof ahibis gmmsnéfmn@mommrfunmigom entioginwsdtshenptimization

%%%ﬁ&@@&;ﬁﬁ%&@@&gg@&@«g %é}w aﬁn}@'ﬁ&a eGIBARASINR F

IOJ) = ere XiIs t e coordinate of
elegprimiapjarasgkbi® kin the X dimension; Xj is the coordinate of

object pj in obj L aroun. kin t the > & dlimension; Yii (GRS

object p, in obﬁi(i ouﬁﬂléE ngenﬁggg,ggpx, g{%@gég%kﬁ?@
object p, in object group kin the Y dimension; and ’? is a normalizing
constant.1H&Bme embodiments, the plurality of images comprises a

two-dimensional 5 speyt(g)g]_}:&%qoupk) = > sim(p,. p,)

el pairs <i, /> in object group k
: . . . . iy 13 :
In some embodiments, the plurality of images comprises a "H-""C nuclear

magnetic resonance spectrum and
sim(P,, p,) = ~{dist(P, p)}* =={(C, —C,y* + A(H,— H,)"}, where
C; is the coordinate of object p, in obiect group k in the 3 dimension;
C; is the coordinate of object p, in object group k in the BC dimension;
Hi is the coordinate of object p, in object group k in the 'H dimension;
H; is the coordinate of object p, in object group k in the 'H dimension;

and
A is a normalizing constant.
In some embodiments, the plurality of images comprises a two-dimensional

spectrum and
sim(B,, B,) = ~{dist (B, B )Y =—{(X, = X )} + M¥, ~T,)*}, where
Xi is the coordinate of object p, in object group k in the X dimension,
Xj is the coordinate of object 5, in object group k in the X dimension;

¥; is the coordinate of object p, in object group k in the Y dimension;



if1X;-XjlorlY,-Y,lislarger than an upper bound, and sim(pnp) I-
{dist(p" p;)}z, otherwise, where - {dist(p1,p;)}2 =-{(X, - XJ)2 +A(Y, -Y))2};
X is the coordinate of object p, in object group kin the X dimension; 10 X
is the coordinate of object p i in object group kin the X dimension; Y; is

the coordinate ﬁg%%r&%%%?hgf&ﬁpﬁ i e gRiRNhe Widithghsion;

coordinate of object p; in object group kin the Y dimension; and 2c is a
nasfdalizing constant. 15 In some embodiments, the plurality of images

comprises a tWR'QQ"%@%QP&L s§ecsttra%rtn and m, if X,-YloriX;-Y;lis
larger than an upper bound, and 11 sim(p" p;) = - {dirt z + correlation (I, -

1)2 othelwisenwlsareofiise(ps. i3 Dledity KR aRcoMpiies 20%q-iditvasional
5 co%@i{rlg‘tga f.object j5, in object group kin the X dimension; X is the
co rdinate 0 object pj in object group kin the X dimension; Y is the
coordinate of object g-realfjet} groupk|in +he ¥sdangengiananYipisttieund, and
coordinatEf et fi aot%rk:‘argt rQup kin the Y dimension; X. is a
normalizing constant; Zg o ‘I’a%’ 098°the CGirelation between a defined
nejghlorhood of object p, and object p; ; y is a weight for the correlation
term correlation ; I; is a log intensity of object )3,; 8 | is a log intensity of
object pj ; and H igig(peight for ((X1,)2.X it soht& edibadiments the
optimization of the assignment of objects in the plurality of object groups .
is performed usihigsir&eeffisais oh QisshHtAmng ﬁ*agfﬁépé‘é‘ég"r%% gignsion;
combination (e.q.,.hybrid) of.a greedy .search and .a dynamic search.In .
19 some embodim%ﬁ%,}/}éencggjé%}algﬁ 3%1% ject de [ﬁr?q%ﬁég urz igy“éf%eg%g%mm‘m’
sets Correspondﬁ {0 @dnsiahalite o object p, in object group k in the Y dimension;

¥j is the coordinate of object p, in object group k in the Y dimension,

and
A is a normalizing constant.
15 In some embodiments, the plurality of images comprises a two-dimensional

spectrum and
o —o0,if | X, =¥, Jor{ X, ~ ¥, |islarger than an upper bound, and
sim(p;P;) = {» {dist(D,, p)}Y +y - correlation; —n - (I, - I,)*, otherwise,
where
—{dist(p,, b)Y = —{(X, ~ X, ) + M¥ -7},
20 X; is the coordinate of object p, in object group k in the X dimension;
Xjis the éoordinate of object p; in object group k in the X dimension;
Y; is the coordinate of object p, in object group k in the Y dimension;

Y; is the coordinate of object p; in object group k in the Y dimension;
A is a normalizing constant;
25 correlationy is the correlation between a defined neighborhood of object
p; and object p,;
v is a weight for the correlation term correlationy;

I, is a log intensity of object p,;
8



In some embodiments, the plurality of images are replicate spectra taken
under a first experimental condition, the method further comprising using
the plurality of 10 object groups to combine the plurality of images into a
single first average spectrum. In some embodiments, the method is

_repeated for a dlifferesd sRGARY PHYiglty ¢f images, where the different

- second pIuraIit;f of images are replicate sﬁéctra taken under a second

10

15

20

25

experimental cgqggi@@igﬁﬁ@@poq f@rther comprising using the plurality
of object groups to combine the different second plurality of images into a
single seincnehd Sralvetagmspke wpimikasond dmbodimembsahebjigets in the

imental condition is ab f '

R 3 o e SO L SR e P R e
pestartintion ¢enghiredooare. taybiRi Af oreddygcateh soche dEpaBve erstRs In
the ionmentmeibod isperfermeshising dhedieshaveaes ShEctur @fLsponds

the second average spectrum rather than replicates used to form the first
avierageeRbadiectrum and the second average spectrum. In some

embodimgnis,themethed.fuies comprisesapirutingatiaRlyaliy elen under

object groups to a user i_nj[erface device, a computer readable storage_.
mediFheRTRARET CBICH RTe R o S HE & EBRTSOIEP S8R HIMS BRIt of
theplualiviel M@%bﬁ%@?l&?aﬁw erAbedimeaian e me e furthesrum.
comprises aligning the plurality of 25 mageE ba?%%upon obje ti . :
asHgiomE STRERAIMTTRe BRPSIRY O HE BRHEAR BrobEdt a%%%? AR images,
empegimenisirtharmetbad flitl ey comprise ueutpliting dhetpushtiywiier a

aligned images to a user interfagce device, a computer readable storage..
RS, SFAFGRTONg! 51 H5u B PEFHBIS Lot ey SRy B oy °f
theopjesadityupt aligoedinmhg @30 Y etandthbraimboetimees providesginsecond
apparatus for aligning objects in lyrality of object.sets. Each.object set
T L A P o A o
imageimdglonality. of srasgesrhsiiiparatasichpribs scwedteiperimental

Procseting Witaad-e amantiiakie e pledda e, cotial Braceasingy some

unit. memory comprises Instructi r accessing the plurality of

objenbsdimeMsetmatipmenimrshabinpridennad ipiagdhedinp aMemanipfitem and
for ﬁér&@@gcpzweﬂ%\é {heRDAYRsdescHBad MRRQASROFINGIANES altrage
nts,

some embodime he image comparison module constructs, for each
resHESHRAIGHIO B9 o8 T POHRAS BSCHRe plurality of object sets, a 5

corresponglinghabistigrau At cortpiisthn EespactMesRigatind g fiskality of
object set, thereby constructing a plurality of object groups. Further,.in
such B ESeRRT Rt UiFe interface device, a computer readable storage medium, a

memory, or a local or remote computer system; or displaying the plurality of object
groups. In some embodiments, the method further comprises aligning the plurality of
images based upon object assignments within the plurality of the plurality of object
groups. In some embodiments, the method further comprises outputting the plurality of
aligned images to a user interface device, a computer readable storage medium, a
memory, or a local or remote computer system; or displaying the plurality of aligned

images.

30 Yet another embodiment provides an apparatus for aligning objects in a

pluraiify of object sets. Each object set in the plurality of objects sets comprises the
objects in a corresponding image in a plurality of images. The apparatus comprises a

central processing unit and a memory that is coupled to the central processing unit. The
9
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10

image comparison module computes, for each respective object in an
object set in the plurality of object sets, a plurality of similarity metrics.
Each similarity metric in the plurality of similarity metrics is between (i) the
respective object and (ii) objects in an 10 object group in the plurality of
object groups. The respective pbject is added to a first .object group.n the
TR DB U FOh S SRAT HEHIS BRuch T THe iory
redpehtiveonipidatsandroije ctanpahwfirsbdhie éograupiig betterthathtwove-

similarity m ?&é%%[ gse.t\)?ﬁen dhe respective ol 8&51%"}(9 9 'eﬁ%%oé@ 209 module
object group In Cf'\e p urallrllty o) C)bjec{ groups an§ |6t eco rdlnatg
diffenencess Hotwedn thpcréspedine vijdbstnt4b shisdts npiwéiﬁfrg_f objewstsets, a
9f%%%%e?ﬁaglg%@é&%gol%mlvsémgﬁﬂ%ﬁvg&%@g@cwoe Gty GEOHRSbiect set,

adde rality ject groups and the respective object is added

to therchepwoojctingsup Hplisyinfafececrnpints dirrisadie Sigktsapbodiments, the
comprises, NSNEHARMIRE JSRERAURGINELATRHERG SRR LAk bject set in the

remaining object set in the plurality of object sets. Objects that are in the
saifarabieef ghits wie acbrRivelindapbnasieackshuriiay YeHie it the
adimentsithe.sampason meduls furthercaRRkses s e RNSHieEts in an

e
outputting the plurality of object groups to a user interface device

corf GRS BRI RSP GBI R RbrIdt TSPEEIOE-F U ot ded to a st
Coppdte f@ﬁﬁ@i@mh@pmim@%m}ty&z @U@Htwﬁ;o@jeltﬁé Qﬁ@&lﬁﬁq&ﬂﬁtﬁﬂ Otheeen the
aspect of the jnventign provides an.apparatus for alignin jects 25.in.a .
PILFEIRS oY BBET SR ONRGre b BB SE BTRRE DRI Bt Bty metic
;etsempﬁmssqmtok@jeejsmmjﬁﬁp@nmthma@@j mag;_ﬂupak'ntm@ﬁalumﬁty of
Ima?%)egét%pgehlg é%ﬂglﬁ%hg ggn P&Iﬁlg g glﬁg{"]etrrxgleg {,O&?zé%r{ﬂeur%g %thvg o’alject and

memory, e central processing unit. memaory CoOmprises

15 meabjsdtrinteeSsingbibet phormlityedfcibjetrestsldmeans fEltheomstLction,object

f h I bject in_a fi i i lurality. of @bij

30 e e B SRR B S L SRR N S B 288 o e
firshobjebicsetraprdlyy tonstrumtingiaos mafiylofiobrsctamatips @fguctions for
me?&%%éﬁﬁé: %{,%%!#%%%I%r £4¢ %J@Qﬁ%ﬁyﬁn?@ge&gj InARARIRL ﬁ%}'&iﬂt@@f object sets.

plurality of 0 ts, a plurality of similarity "metrics, each similarity

mefrbifstEHEad RTEayhE SaTRsi RIS heEIvR S8 ctorad () tRECPRSpREtIvRCBIS®ET n

20andgi) ODIRLISiiRAR, ARleG AR INARE LR iR Cf RBISEE O rURR AR The

respective object js.added to a first object group in the plurality of object
groeﬁ@wﬁ@%%@% PARR SRV BT HEITE AR SRV DI SRPRIiFT readable
objeeisait theditst, Phiasherospdfobatier-thandiesinilasikeelde heiwerRs the
the respective object and objects in any other object group in the plurality

of oBUeLEE4RYSHE RS ordinate

Still another aspect of the invention provides an apparatus for aligning objects

25  ina plurality of object sets, where each object set in the plurality of objects sets

comprises the objects in a corresponding image in a plurality of images. The apparatus
comprises a central processing unit and a memory, coupled to the central processing
unit. The memory comprises means for accessing the plurality of object sets, means for

constructing, for each respective object in a first object set in the plurality of object sets,

30  acorresponding object group that contains the respective object in the first object set,

thereby constructing a plurality of object groups, and means for computing, for each
respective object in an object set in the plurality of object sets, a plurality of similarity
metrics, each similarity metric in the plurality of similarity metrics between (i) the

* respective object and (i1) objects in an obiect group in the plurality of object groups.
10



5 differences between the respective object and objects in the first object
group are below threshold values. Otherwise, a new object group is
added to the plurality of object groups and the respective object is added
to the new object group. In some embodiments, the memory further

comprises means for. re ting such, computati r ini
TR RSB MRRIL L [ERERIND 450 SRRLIRIONG {81 SRR APH RN proups
sameDlfjpStegronrdte eeimed wsoirespaNd ety it ebiacsoimge first
e%ﬁ?&yﬁg&g&gj’g%%t@}%@ﬁ%élﬁmﬁm%@%&%ﬁ%ﬂ%@g@%&%& and

pluralit ect groups to a user Interface device, a computer readable

storbigetin i zenebingrycopan eapbrrbinisieo tievhpiawseypstéin cgprdinate
5 dispipviog e plalwmoLa é@ﬁ%@@ﬁ&%&@'b%&@@ﬁ{ {BRROIIERL R IRSbelow

an apparatus for aligning objects in a 15 plurality of object sets stored on a
coittrar fevinasie teraigecnicay, oltre b EPag A A [ Bin phgaldty ofrapiect
plugalityof Lingr Y pliasSenRecasinsdtemiualigl ahiechsaissothe
storage media comprises a second plurality of binary values for )
coﬁgse%%wg%rﬂ@é%ﬁ%@&eﬁvé SIEELSTT FPA7EE SBjERGELMPHEE [iTrRNEH oo
OL Cfbi%@mhe&?@rﬁ@gr@@@m@i?]g t@@tﬁb' GHIOUT Bt ontinBdRe bRsnetivare in the
object in the first object set, thereby 20 constructing.a plurality of opject |

10, o TRES BT A SR eI ol bTRATS SAREEigs e
comfauing, flatheachnipgpactivensiijechitpattinbjecbietinytoé opleradityups to a user
object sets, a plurality of similari etrics, each. similarity metric in th
DI 5 SRR NGRS BRI 0L RSB b Slate Shd oy or remote
objectspmarsysifactgdtmpieitnth e p piratititod Obpest groups. The respective
object is d to.a first;25.0bject group.in t li .0bj
when the S SR RUEH RN 1 LSRR B U D IR o

15the firgebtyjefohiosdts biotwt echarctmepsimitsridpabivetiotagranwdien e storage media

respegiive ahistdatiecisinan AR aPIRCLAU LR A0l s

object roups an .II COOI’. Inate |fferences_ etweent € respective .
objddwatior esjeedianameriet vbjeend Riup e B Sloartidssolensakfsicting, for
OthgrwisesRARY SRILCLOEIHR 5030 AddaddQ gwﬁra&w%&tmc@bﬁgw&%mmg

and the respective object is added to the plurality of object groups. The
storaljechEap é%%%@@%ﬂpsaﬁﬁmm@J@%fhﬁ\fyfvam&er%ﬁe?ef&%a%
2oﬂ;e &?@@zﬁ%@%ipﬁgaﬁ@l?@@aﬁ@@pﬁamamgﬁ 'ﬁig:&mj@ﬁg@ﬁgds@ 4hBird plurality
plura |tyo 0]0]] ct sets, where objects that are int same o i ct grou
are tlelHEY Y ueaﬁwmv&%ieﬁ CRPEBHQ URHBHIMARKS G 1 the

compuistiseatishiirisiarageineadia of sompiisesarfiiheptirailityiaftbingrtyic in the
values fqr outputting.the pluraljty of object groups to a user interface. .
oV BB BT SRR e R e P A3 i Bt in

object group in the plurality of object groups. The respective object is added to a first

25  object group in the plurality of object groups when the similarity metric between the
respective object and objects in the first object group is better than the similarity metric
between the respective object and objects in any other object group in the plurality of
object groups and (if) coordinate differences between the respective object and objects
in the first object group are below threshold values. Otherwise, a new object group is

30  added to the plurality of object groups and the respective object is added to the plurality
of object groups. The storage media comprises a fourth plurality of binary values for
repeating the above-described computations for each remaining object set in the
plurality of object sets, where objects that are in the same object group are deemed to

correspond to each other. In some embodiments the computer readable storage media
11
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remote computer system; or displayingthe plurality of object groups. Still
another embodiment provides a method for aligning objects in a plurality
5 of object sets. Each object set in the plurality of objects sets comprises a
plurality of objects in a corresponding image in a plurality of images. Each

of the ahjects i . . itv of abi initi
B et ie s
olifeetinrafiestaobiasicetinothpubiuraidide slsjeee SEHUR.COMBRPEEhdIhg local or

ohiect.aroin.ihat caniaing m%rsaﬂ%eﬂympsﬁgt i the.dirstppiect 10 set,

thereby constructing a plurality of object groups. As described below, in
typical eﬁﬁa@anﬁ@mpa%m@ﬁarw&t yrefthedie aligagoisepitiraRl ekt
ohieghIreuns: Fhe prgthad i the L RRRMHYISE S KB S QBMPLINg:ii0¢ £PRRality of

respective untreated object in a_target object set in the plurality of object
setgjatsimaIR ROt Isdfifga A Bl BRI AT A iR PRiFg B n cach
obje el PRIRERABHIHR e SPE Gy eabipstnthrEahy IS computingraeplutalisprises
of similarity metrics, The object in the target b'e%gset that h s}ghe bestf biect
ST UG o S TERJ BT} QRS Tk %8"&198%5%8%[ Biay of objec
grestp, AnhBIpkathasifeatedwhen therbordinaiepditieranttes hetveetmt object
the object and the target object grqup.are below threshold values. . .
O R o e R TR e (oo S e i
coatdinditecdiferddicesd ebiee privpobjeet detttotb2tatge todbjsetigroumps. The
are not helow threshold valyes. A missi bjectis a ject. 1
e TR e e R L R R R S M et i o
Thiargeisthjpdt fsatiretheqrivprige o {Ghirspectting sinsleom puting steye ¢ pfigrget
ea . . i ) ) ing
SRR qistagt et Bluaival-ohieel spls e R paRIRY

the t ect group. The method further comprises (D) repeating the

coneputinig s eepl¢B)iftoé aichi ettty 95 Fee phisplindhicatapiolem trighat has
PluiRlify eERRIGEES %%’tﬁ\é”@@&%jr&s %?&H;Y & QRIRGL HHRURISt object group

designated as the target object group. | y%cal embodiments, the method

furtRemeskigrisdscatepuhe) hererming eEiisetmesd Brtreo R RRifrgan the
objeelFR . iaLap abieabin thesabirality.ef obigeisaels tALTRMMIRE is added to

untreated, (ii) designating the object group the "target object group" an
it QPR E) B RRE H6, 0 LA 0 N 51 0GF i QB a0 the

repgadngistepdlp et fa kreateeblieohremainsiidhe ehigalilya dimmy object

ohet s Ll e ppiscad e Hoay SoE e sedetio

conegpahtistenrobigsts §61 thatadog shratocomtdiry aruicated dbjentining

i esiel daaioes ol rgs e A DA S, e
method further comprises (D) repeating the computing step (B) for each remaining
respective object grodp in the plurality of objects groups, where the respective object
group is designated as the target object group. In typical embodiments, the method
further comprises steps (E) performing the method of (i) constructing an object group
for an object in the plurality of objects sets that remains untreated, (ii) designating the
object group the “target object group™ and performing steps (B} and (C) for the target
object group and (F) repeating step (E) until no untreated object remains in the plurality
of obiect sets. It will be appreciated that a “missing object” will be added to each

respective object group in the plurality of object groups that corresponds to an object

set that does not contain an untreated object within threshold distances of a target object

12
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same object group are deemed to correspond to each other. 5 BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 illustrates an apparatus in
accordance with an aspect of the disclosure. Figure 2 illustrates an object
group data structure in accordance with an aspect of the disclosure. 10
Figure.3 illustrates ope m d fo erati initial ali |
R A S SO Rl MR aieiees
methed biectefinippendertiadaiomenopédpesah wthsy a 15 greedy search
algorithm in accordance with an aspect of the disclosure. Figure 5
illustrates alternative alignment proposals that are evaluated using a
greedy search algorithm in accordance with an aspect of the disclosed
systems and methggsr20yFgeiRIe 19GR ETRIRBITAAGENA is aligned

with other images using the disclosed systems and methods. Figure 7
illustrates igHEH N HBMBTRIORFRHETAIM GCSATHAREE B EMSSiop dasfisdosure.
in accordance with an aspect of the disclosure. Like reference numerals

refer to corresponding parts throughout the several views of the drawings.

30 DETAIIEFS BESETBTIONIRR §T8UP QetaiE Ui hiorar Lrsipigy aspect
alighing h&jretadn a plurality of object sets, each object set in the plurality

of objects sets comprising the objects in a corresponding image in a

plurality of images. The system is preferably a computer system 10

having: 1Bipareérifiakprocessing:iod 21, senmraiinnenivalalid storagenonitsal in

14, for exam Ietha hard d'sl% %riv&a fpr storing software and data, the
accor ancf:gx& an as 6%]{8 % 1SCIOSUTE, .
storage uni controfiéd by storage controller 12; 5 a system memory

36, preferably high speed random-access memory (RAM), for storing

system CiiroL B, s 42124 ARG ARRRGHION, BRI EAPBRSINGI usi
programs éﬁ%éda%a oaded from non-vo%agl%g é) ' 8 5% usme s
greedy search algorithm in accordance with an aspect of the disclosure.

Figure 5 illustrates alternative alignment proposals that are evaluated using a
greedy search algorithm in accordance with an aspect of the disclosed systems and

methods,

Figure 6 is an exemplary image that is aligned with other images using the

disclosed systems and methods.

Figure 7 illustrates another method for generating an initial alignment proposal

in accordance with an aspect of the disclosure.

Like reference numerals refer to corresponding parts throughout the several

views of the drawings.

DETAILED DESCRIPTION
Figure 1 details an exemplary system for aligning objects in a plurality of obiect
sets, each object set in the plurality of objects sets comprising the objects in a
corresponding image in a plurality of images. The system is preferably a computer

system 10 having:
13



storage unit 14; system memory 36 may also include read-only memory
(ROM); 10 a user interface 32, comprising one or more input devices
(e.g., keyboard 28) and a display 26 or other output device; a network
interface card or other communications circuitry 20 for connecting to any
wired or wireless com unication-nepgg'r'k 34 (e.g., a wide area network
such as the1nt3r%eer¥t)r; &R mternar bts 30 for interconnecting the
. aforementioned: etlemantswalathie systeminingt, dopewetder terd 4k gaweifor
the aforementiortled eIerHents. O‘E)%gti oLthe computer 1Oc&?eg%ntr%l’lred{3
primarily by an %B@Pgtlsr?g st% ém ’a, SWHICH fs Bxecuted yac ntrafl =
processing unitc2Btrdipertiing system 40 can be stored in system memory
36. In addition to an gperatin tem.40, in a typical, implementation, a
5 Systom mentory! SE AL L 1 e A PR g arcees ey
various files anRfehd), Stnuttuies ysechpptheldisgloses systembapntcation

methods; 25 aégg'tr S,dg&gﬁ'ge%%:/%%ﬁ% ngréii@qa%a%@é@&BMW%ﬁﬁe

(e.g., NMR sp , In‘'whic ge 46 comprises objects (e.q.,
peaks or other feurgrag)itidt aveido beakgned man #nageivisgesdonly memory
module 48 for §1g images 46 and extracting, from each respective
image 46, a corfesponding object set 50 that 30 contains a list of objects

10 in the respectiveé WrRigeirticanintagertongparsompsdasETHcalgding

objects in the ohigal3e15 0t A-pluAIPhORISSAIPHRR a4, Where

each object group 54 is for a corresponding object that is present in all or
some of the maeauerkdnE T BB AR LY MtRYHERHRIE HECBBTot 0 for

finding objects in e qRiect 4P Wathak SRtisfy:ORmehMRLRiPredalomNed ¢ , a
criteria. 5 As illustrated in Figure 1, computer 10 comprises software

program modul&¥idgiraagi iR e Trdysmehuctures stored in
15 computer 10Jnclydginmags, dapasitanérdhnfoRYE T GrRRISGHRRISIRMAAMs of

object groups 54. Each of these data structures can
the system; and

e 5 power source 24 to power the aforementioned elements.

Operation of the computer 10 is controlled primarily by an operating system 40,

20 which is exécuted by a central processing unit 22. Operating system 40 can be stored

in system memory 36. In addition to an operating system 40, in a typical
implementation, a system memory 36 includes:
¢ a file system 42 for controlling access to the various files and data
structures used by the disclosed systems and methods; -

25 ¢ animage depository 44 comprising a plurality of images 46 {(e.g., NMR
spectra), in which each image 46 comprises objects (e.g., peaks or other
features) that are to be aligned,;

e an image processor module 48 for analyzing images 46 and extracting,
from each respective image 46, a corresponding object set 50 that

30 contains a list of objects in the respective image 46;

® an image comparison module 52 for aligning objects in the object sets
50;

14



comprise any form of data structure including, but not limited to, a flat
ASCII or binary 10 file, an Excel spreadsheet, a relational database
(SQL), or an on-line analytical processing (OLAP) database (MDX and/or
variants thereof). In some embodiments, each of the aforementioned data

structures is a single data, structure. In g'uer emb%m nts, such dat
structures in‘fa@tngfﬁlﬂ)W Bhﬂ)?ﬁ?ﬁﬁwpﬁfg 2PPETFR 8@?@?&{%‘3@ 8ses?
files, archives) twisaaydinmaysaothallibelhesieth b dbsthsesdithe images 46; and
computer 10. For example, in s me.embogi e image depository.44 . .
and the imabe@‘h%%oﬁﬂl %8683%%%8‘% 8%&? Te?@lrnc‘)%hn%éﬁgﬁ elrre_/{%e object
and/or on one qrroupréhacemipiyters thraharepaedressabié ditaomputer 10
across wide area network or Internet 34. Thus, in-some embodiments,

any of the aforementioned data structures can be (i) stored on computer
10, (i) sterediosratebmbbigatioh, chopuipuiérctianisep todreonpogaes (nodules

2 ARsA SN LR R S RLIESRARIe RO USO8 (bository
example, Wldle area ne?wor g]-l, or III% are remotely stored In their entirety
on‘hémgrdie otfrst seonputedsoinettifuairatéd inacly oféhtyalatagigictures can

adgsﬁggr?s%' SO SAMRES 1RGSR lQREXARIE: MICR 256 2aNEMVOSK Bor binary

Internet 34. As in the case of the data structures, it will be appreciated that

10 malitg. anthacdsmsadehedtinustrarnnidatalare Coin sissebrabaldirene
OF PIQLELRIRRLR SORMIBTS . RADSXEMRIE iR SRR B ppdiments the

disclosed methods are implemented as web service services. In such

embodimEhtsMARROAIBEREs GRRAA IS A8T SRS e sk ST TR R Spsle

angiax abjest-ilterinasrediysiien) sesidp@n@uction BompWan gt isplirality
communication with computer 10 yia network 34. In some embodie@%g&s? it
for SxaARATBUR g AT SoRI TGt 8 B4 BaYa0F Mt sted by

15 page: tanviewehine foregeirgampie dftangereribb ditbrdditagtrdeporasrard and

sofl%\r/qare modules illustrated in Figure 1 an one or more ¢ IS is

oA RS8BT B AR T B el DAL Gt cecpg g moe
andaaftwaretimoatsleddacesattldigssaibipitdisl Withreespadt toceackvotiiepr Internet 34.
acrges lei}ws\,lﬁg)rgé g’rdfi 6&%%9&[%?5 eleo(it T nn%io-gg&l ﬁa@ SrREREMan be (i) stored
invention fu Yy encompasses a broa arrgy of computer systems.
Exemptanpwenipute) sisedms havebiowibeeh aispased0 Todrilgteomguies (not
3 liani ey i discl _

202 4} ”&p@ﬁ{ QGESHR fpér ._é%rcﬂ@ ﬁﬁ c@:d @&Eﬁ écfjd!?bc, ?ﬁe&aﬁl le, wide
Step lé%)é&?n gtepg%]%Z,?a palura ity of %agksr?% |$£crl}bta|ned. Images 46 gre
anyargatestaTk i ecthial reR gerbyatesedriny BRI HisIE AR ARSIINBOBRECT
image. 46ill Rave R LRle Hie el DI BLIPEIRIALID RPN ASRB ABIESbss, for
set 50. Moreover, typically,

example, wide aréa network or Internet 34,
As in the case of the data structures, it will be appreciated that many of the
25  modules iflustrated in Figure 1 can also be located on one or more remote compurters.
For example, in some embodiments the disclosed methods are implemented as web
service services. In such embodiments, image processor module 48, iiage comparison
module 52 and/or object filtering module 56 can reside on a client computer that is in
communication with computer 10 via network 34. In some embodiments, for example,

30 image comparison module 52 can be an interactive web page.

In view of the foregoing, any arrangement of the data structures and software
modules illustrated in Figure 1 on one or more computers is within the scope of the

present invention so long as these data structures and software modules are addressable

15
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there is a correspondence between objects in one image 46 in the plurality
of images and objects in other images 46 in the plurality of images. For
example, in some 10 embodiments, the images are nuclear magnetic
resonance (NMR) images of samples taken from an organism at different

t r@l?t%%% E#S%cWQ%E‘SH ndividuala mgt%ﬁrw e MAGES: NERKHiFSRERSEN hus, the

metabolites in the samples. Thus, a first NMR image may have a peak for

a firstamidtasotion ifryfrsedsioeigres Beambreranafr ewesid NV Anage
may have.apeak hibeyeRaReshRerkelirdpasetanddielaniaat 3, an

sample. In such an 15 example, the peak for the first metabolite in the first

NFIRTPaGEREosrEs Forien &bl prakydpigesye Ajssisfd first metabolite in

the secorgl binjogicalisanpie.Rcause d1aths Reakesisepiasen! the:game are any
metabolite. The problem presented in the iart Is that the coordjnates oi{6th

C e
DERHASTHRE S BE AR BISET S FDIRIA! ST SRR A D AR &%t
a vasietyolfastal siroludingdmined wafiatonsimtbsexpertneMak@er, typically,
conditions under whjch the spectra was measured, pH.of the sample .
oS OET ARG G HER TR e T ek oSG s
dimensigaat nectearimagreticisaiophnebiiViR)see clurmxanple. in some
three-dimensional NMR spectrum, or a four-dimensio !
iR R e
tweekiménsicnalygimee: dinddéfsionaiperfontsdimersiodiaidum Rbpsts in the images,
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spéotrufistanorabdiiisansidhal Botegioh sanpiv-aydpsetrum By olmeat gl pave 2
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spectrum, a relayed coherence-transfer (RELAYED-COSY) spectrum, a
‘HasRtoSY pskdeuhe S Bypbolisin Srelrr VR 118ecqreserads s the

Speeliui: fEAfaingsranme: NMEHIRREPH): SREHY SoieiaksnprRIBbse both
(TOCSY) spectrum, a heteronuclear single quantum correlation )%HS(%%:&w
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spegisihag:hetareeslen: My Hiplembondigerselatibif (iivBGapectmeta
two-dimensional heter%?uclear C raelation 16 H.Et'-I'COR)tH'=,é3ectrum,e a1
dolsREHG B FRE 8t RO SR BRIB R s pE&IR:, Cra” “FPer™

twocehidie psionalcNATA Qld Addctapeatraerstiie j pid g $hd Bapfithe gresent
invention are not, in fact, limited to "viewahple" images;.An.i 46 Wwithin
the scope &Sﬁ%’éeperlgggaﬁﬁ\z}teshﬁ%% AR eg% ¢ a%&é%g%‘ltﬁg@& gg}l% ?SF%W{EW»
suffitientsiofeimationr toagesite rasvewab [RIFR Y ep X aihpe; dimprsieaseNMR

of an NMRR Spectim ARINAA% AR YREHEIRRMEOLIRUE Hfality of
NMER Spectium _ _
images are peaks in the two-dimensional, three-dimensional, or four-dimensional NMR
spectrum. In some embodiments, an image 46 in the plurality of images is a 2D nuclear
Overhauser enhancement and exchange (NOESY) spectrum, a two-dimensional J-
resolved (2D-]) spectrum, a homenuclear 2D correlated (COSY) spectrum, a 2D spin-
echo correlated (SECSY) spectrum, a relayed coherence-transfer (RELAYED-COSY)

spectrum, a 'H-""N COSY spectrum, a '4A1P COSY spectrum, a ' Cd-"H COSY

30 spectrum, a rotating-frame NOE (ROESY) spectrum, a total correlation (TOCSY)

spectrum, a heteronuclear single quantum correlation (HSQC) spectrum, a
heteronuclear multipie-quantum coherence (HMQC) spectrum, a heteronuclear multiple

bond correlation (HMBC) spectrum, a two-dimensional heteronuclear correlation
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rather than the NMR spectrum itself. Such data can be manipulated in the
methods of the present invention as images 46 in the same manner as
the NMR spectra itself. In some embodiments, there are 2 or more
images, 5 or more images, 10 or 10 more images, or 100 or more images

: ity of ; lianed : |
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ensional spectrum, obtained from a process other than NMR,
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images obtained in step 302 is stored in tﬂfe i{nargli,deposito%ééf
10 11 FB AR G L N MSBR A TOdTR SHHEA L e TRBEES 7F tHiERTralityome

of magesepasery sradasuenteis takenmeigebinlbgichksanipimirestohe
species whereas other images in .25 the plurality Qf images represent
mea§§ﬂfi§rvn fgWéﬂ%Sfl‘{P ér'ﬁ%gfoali]clé?alsgfr%é)lies ré)mea\grllr(r)1 ncsagog%ieues. ?Rccmlm’a
some-ainkodinmehtsl/ad specimag eshirethdiphirsiinp R M gestrapredent-
measurement en of biological les.f rgani t
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15 imaﬁe_smepﬁeseeﬁmmwasdmnmhkémﬁbido@i@%%phw&ﬁnenmml
or Q&mﬁlm?ﬁ@a&ﬁa‘%%gs? %ga @ _%va&ﬁ%ﬂgigﬁall nggt?ﬁ?n, obtained from

embodiments, some |magesg$r)19§1e ﬁ%ura ity of images représent .
meaBaeaierbs takenNOBiokY kit s AH ples maitadd Ry APMShiB IsETERE e Tay
haye, i8AR. SXRPSEHAQ-BrBRIUINAIANVEETEAS RS ITAASS ITh ¥itne

plurdlity of images represent measurements taken of biological samples
froRPRALBRIE GHY AMREH & SREFATEY FaTPORERA EhbeBi e Paralibimgried

20 17 Zrenarssbation canberenyikeargppiahamgrnetic skt plecRhgth, mass or
environmental perturbations include, but are not limited. to, expos;rg%of an

orgRHT t4PaEREG CUIDBLTAH: i BHSRSEh ChARREAD B Fortfpetitufpelored
Addiiopakexrmpies-piienvireasiantalgresturbations include diet (e.g. a
high fat diﬁ;[ gornllcf):vgrg t{) ;%tzzh%[eseo%}e images in the plurality of images represent
measurements taken of a biological sample from one species whereas other images in
25 the plurality of images represent measurements taken of a biological sample from
another species. In some embodiments, some images in the plurality of images
represent measurements taken of biological samples from organisms that have not been
exposed to a perturbation whereas other images in the plurality of images represent
measurements taken of biological samples from organisms that have been exposed to a
30 perturbation. In some embodiments, some images in the plurality of images represent
measuremnents taken of biological samples from organisms before they have been
exposed to a perturbation whereas other images in the plurality of images represent

measurements taken of biological samples from the same organisms after they have

been exposed to a perturbation. .



5 depri\)ation, isolation, and quantifying a natural environmental influence
(e.g., smoking, diet, exercise). Examples of genetic perturbations include,
but are not limited to, the use of gene knockouts, introduction of an
inhibitor of a predetermined gene or gene product, N-Ethyl-N-nitrosourea
(ENU) mytagenesis, SiRNA knockdown of ene,.or guantifying a trait
exhibtec 5 BB O e S B AL S0k e e o b hmenal
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which " is hereby incorporated by reference herein in its entirety. In some
enfsogipsediet Hritgnd - aigorren ERRsrereansss sibd arkmrkdaug of 2
Fopsxamnle 18 SHPe embeeinentsy theamal sralrstiehas fiye qedewer

aromatic rings, four or fewer 20 aromatic rings, three or fewer aromati

| ( ic
10 rings, or tROBPISHOPLFBATAE RAGY HHEBIRE BRBIRRATLE e gpaolecule
molegulenigian k. erapRICTRMAO Ut & MialBeuke weighth etlassdlan
2000 Daltons. Step 304. In step 304, the plurality of im re processed
i PR R TR0 B 5P B SEAE B e R DS SB o e ) o
comypristhgrithiebjenigea0did doabredergsiAding Nt agew6)jdithepineatitian ten
of i es. In same embodiments pjurality of images are N
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15 whighi tfie) alijegPseideras obbailRdlelnfdtne mrabodimkbisymadade isfdhe four
local . maximum within a predefined r In.a C ;
et A Tl T e R e R
carism;réby exermpieical 30 tofabmakierrimibdandit by D1GepRrEBREiments,
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respectively. Conventional processes can be used to obtain an object set

frorrzbedimeso bR il aelerde baafsier i ernBEINFE R Er firdewer

20imagerise MR SRectUm CONNaniRNal i QGraN S5 iakeAa dAREP ings. In some
(Bruker, Billerica, Massachussetts), VNMR (Varian, Palg Alto, California),

ancPRIVARImBRICERTI aPalecls Fous, JTEBmHSORIVRS b angrasagpeulat weight
eachrofwhigh 19 drersimsdacorporated by reference herein, can be used to
process thSe'te?Up? C(Jzétfrulrl? étM}? 5%2}’&% gl(?l?a\./l?t?fﬂooﬂ?rlias eg %?rreailjr%rc]éasl;ggﬁn order to identify
a plurality of object sets 50, each object set 50 comprising the objects 200 m a
25 corresponding image 46 in the plurality of images. In some embodiments, the plurality
of images are NMR spectra and an object in an object set is a peak in an NMR
spectrum from which the object set was obtained. In some embodiments, a peak is a
local maximum within a predefined range in a NMR spectrum. In the case where the
_ spectrum is a two-dimensional 'H-*C NMR spectrum, a peak can be, for example, a
30 local maximum bounded by 0.03 parts per million (ppm) and 0.4 ppm for the proton
and carbon dimension, respectively. Conventional processes can be used to obtain an
object set from a corresponding image. For example, in embodiments where the image

is a NMR spectrum, conventional programs such as Topspin (Bruker, Billerica,
Massachussetts), VNMR (Varian, Palo %to, California), and NMRPipe (Delaglio et al.,



programs such as the Sparky Assignment and Integration Software
package (UCSF, San Francisco California), ANSIG (Kraulis, 1989, J.
Magn. Reson. 24, pp 627-633; 5 Kraulis et al., 1994, Biochemistry 33, pp
3515-3531), NMRView (One Moon Scientific, Inc., Newark, New Jersey),

andsEARY (BRAQIReahy 1999, Jauna e BicmniagiatcNpAREd bsi@erence

each of which is hereby incorporated by reference herein, can be used to
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provide bles 1 through 3. In accordance with"Figure 6, in. these
talstespwgr FtHaaserdinate of the object (peak) in the NMR spectrum in

the first gimension,ivi? istheweecdinaltief the ahisrtRrakhiR theoMMRsional

spectrum in the second dimension, and "intensity" is the intensity of the

15 objeR spedirenakies e divingier| suBps Shpolffents THREE e
objegtsgts foriberagiual MMR SRR SAPHRAINMRNY e e RIestpIRASS images

are not listed in_the following tables. Table 1. Object set for a firs

to
tw B SEFEHRIENIARSHISEIRT R SR SRR BFE58D 'F 87614 %0 Ao gore &
629)4R 87351986 5B:1HIB (HAR) R)25998% (6R5) F15596003% G6:#IGdath

645 3.2208%1%62 ) 594.922013 %%%5%4 3 (610),3.8866 (57 spectra
528%. BES Hﬁé‘&@%&%‘e 72 5("‘%8’2)‘%’%%’6‘%“? pectra.

20 S0EQ80985% objects sets 50 for actual NMR spectra taken from three replicates of a
biclogical sample are provided in Tables 1 through 3. In accordance with Figure 6, in
these tables, “w1 is the coordinate of the object (peak) in the NMR spectrum in the
first dimension, w2 is the coordinate of the object (peak) in the NMR spectrum in the
second dimension, and “intensity” is the intensity of the object. Such intensities are

.25 used in some embodiments. In fact, the object sets for the actual NMR spectra contain

many more objects that are not listed in the following tables.

Table 1. Object set for a first two-dimensional NMR spectrum

wil _ w2 intensity
51.8202 ( 670) 3.20776 ( 629) 728.739938
56.1198 648) 3.25988 ( 625) 715,960651
56.70061 ( 645) 3.22082 ( 628} 594.922013
63.5463 ( 610) 3.8866 ( 577) 528.788563
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63.5463 ( 610) 3.71689 ( 590) 493.036187 66.087 ( 597) 4.00409 ( 568)
476.160778 38.3352 ( 739) 3.3122 ( 621) 462.246448 57.2924 ( 642)
3.69078 ( 592) 446.185508 53.7746 ( 660) 3.12944 ( 635) 436.300304
79.3765 ( 529) 3.39053 ( 615) 415.757730 92.2752 ( 463) 4.0302 ( 566)

fato M aYaYaVaki Ne) /If‘ 1L
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HEA
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611894(46% 362.220957 54.9472 ( 65 25998(625)352381942

5. 66331543; 8319471 (553@) 346 32236&0 53 3€L8 (65@0) 4. 5001?1( @3@851

'L‘ ...

323178?628)695 04989

G 53 I 00

3 9 &2 . 246448
63657(610)389 56(5 7\6702%@825

3.657 (610%3272785 ( 596) 638.7372366°92 647 ( 564)3.40149 § B15§5508

0y p- 1404 (8355627377488 592-38594A6300304
04116 { 566) 800.527085 79 4872 (529) 340149 ( 615) 589.767890

8:680607 591977 (594 3 #.01505 1 568)A89: 316385 38.6414 (/38 9618
29705 (623) 461 '34’3027 79 4872 (529) 3 49287 (.608).430.253000

6
6
4
75.774 (B85 3501872 ( 629) 521.271866 966 3305 648 327094 { 8257730
4
3
2

D wl wEitérigy 46.2659( 699) 3. 78007 1586) 368866533 562~ 980631

89.7345 ( 476} 6.118%4 ( 406) 362.220957
54.9472 ( 654) 3.25998 { 625) 352.381942
75.6633 | 548} 3.1%2471 ( 630) 346.322361
73.318 ¢{ 560} 4.50017 [ 530} 320.788939
78.7902 { 532) 3.46886 ( 609) 299.600817
79.3765 ( 529) 3.48191 ( 608) 286.014891
77.2267 ( 540} 4.78737 ( 508) 285.716954

Table 2. Object set for a second two-dimensional NMR spectrum

wl W2 intensity
52.3218 | 668) 3.18261 ( 631) 743.8139%83
56.8168 645) 3.23178 { 628) 695.304989
63.657 | 610) 3.89756 ( 577} 670.259825.
©3.657 { 610) 3.72785 ( 580} £638.737466
72.647 | 564) 3.4014%2 ( ©15) £36.05256¢
53.8853 ( 660) 3.1404 { 835) 627.3774%6
92.385% { 463) 4.,04116 ( 566} 60C.82708%
79.4872 529} 3.40149 ( 615) 585.7¢67850
75.774 | 548) 3.21872 ( 629) 521.271566
56.2305 648) 3.27084 ( 625} 498.680607
66.1977 { 597) 4.01505 { 568; 489,3108%6
38.6414 738} 3.29705 ( 623) 461.543027
79.4872 ( 529} 3.49287 { 608 430.253000
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89.8452 (476) 6.14296 ( 405) 373.252446 55.0579 ( 654) 3.27094 ( 625)
361.924107 73.4287 (560) 4.51113 ( 530) 338.047962 57.2077 ( 643)
3.66258 (595) 331.262085 77.3374 ( 540) 4.79833 ( 508) 302.465531
55. 4488 ( 652) 4.75917 (511) 286 376034 Table 3. Object set for a thlrd

27) 1273, 4?’%624 38.1985 ( 740) 329447 616) 881.742160 5’/‘1 g
43) 3.7469% ¢ 589) 7108B5319 56,5648 (645)(3 2247 (629)388. 366537

03.270792-.72.3996-{ 565} 340749 0-766781, 78:653 TTr:
48582 { 6005 639.906221° 56.1785 %56}8??56 897 526) 568. fﬁg?zy
3,605 ( 6310) 378365 ( 690) 556.711390 763,608 ( 610))3.90356 {577) 4107

53-028138-08-+% UUL\—r '-ru‘-rluu o ; 0376 OO0 150 7
008 ( 569) ds%% 66851 % 8946 ( 5%2;53 5&%85 ( ézg}% 488.87&?%:0 F5e:
4.8745 (545@;)5723513 (64'65) 399.728237% 8% 7932%943)6) 6.12285 ( 21@25185
901482 67 \ ) 50407 2O 74.158 9,
.53803720%)3?3% (7944 5039 762 ( \933@28);}’ 523 (%7%% 366 9?&8%040@5531
6.2113 £699)% 877802 (6587) 353.99264% 97411585 § 55b) 3.8384%( BB2p34
40-00518455:0059( 654) 327694 ( 625) 336:948278 21 The steps
described below use the object sets, such as those illustrated in Tables

g
6

h)

03

.b

©

w B W
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1-3, to allﬁm’?fhé oﬁfec&gﬁnﬂ?ﬂmmﬁaﬁ@wﬂfgénﬁ@@?ﬁb@ﬁ%ﬁ@qﬂgume |mages

fro sity
a oluralltv of ob|ect sets, one for each image in
50.7063 ( 676} 3.25083 { 627) 1273.478624
38,1885 { 740) 3.39443 ( 618) 881.742160
57.1557 | BL3) 3.746981 ( 589) 710.135318
56.7648 ( 645) 3.22472 { 629) 703.270792
72.389¢ { 565) 3.40749 ( 615) 700.766781
78.6535 ( 533) 3.48582 { 609) 639.90€221
56.1785 ( 648) 3.26389 ( 6286) 568.174912
©3.605 610) 3.733285 ( 5%0) 556.71139@
63.605 610} 3.90356 | 577) 553.,0281¢8
98.7832 ( 430} 4.64768 (  5H20) 550.376595
66.1457 ( 597) 4.008 ( 569) 506.933668
76.8948 542) 3.25083 ( 627) 488.875372
94 .8745 ( 450) 5.23513 ( 475) 399.728237
§59.7932 ( 476) 6.12285 ( 407} 390.148245
73.3767 { 560) 4.50407 ( 521) 380.323277.
74,1583 ( 556} 3.53803 { ©05%) 369.794459
39.762 732) 2.24563 { 704, 366.9798820
46,2113 | 699) 3.77302 { 587) 353.997640
74,1585 | 556) 3.83829 ( 582, 340.005184
55.0059 ( 654) 3.276%94 (  6Z5) 336.548278
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5 the plurality of images, is created. However, conventional processes
described above do not provide satisfactory alignment proposals that
align the objects in one object set 50 to the objects in another object set
50. Since each object set 50 represents an image 46, such conventional

processes descrihed apove do not provide satisfactory alignment .
proposa?ﬁ’ﬁgﬁéﬁigﬁg?ﬁig@gdegeﬁé”&% Sach 6t Se‘n’rf.s 10 An Sh&b%r??nlgﬁ%artgs&rslglab}es
is hnepdigal tte abgign acirefpoadbnoe ohjectgaidsonts, thetinharaiyes: which

a pair 8fegp4etcszt‘sw Is pro é&g&i to represent the same observable (e.g., a

il e .
pair of peaksin two different NMR spectra is proposed to represent the
same méfaboliteripl¢tiendifferpriBiciedicalisaniplesy shis, padriof objeérats in

5 d%%Q;@%B%#?ﬁ%%&??@Q&@e@(ﬁo@&%ﬁ?%%%%@é@ﬂ%%cé%&é‘ﬂ%&%%@tabove_

prop rules. 15 First, the "corresponding” assignment is

trafisitiver it blsjset Faatnnotjeoneuipreprselspbridihgrdhel Shpetin apfiobject set
obiact AT, RS RRABHIEC. PR LPiect &R0 QRISE!3t aesoeuseRAANAGmage

Second, if a’pair of objects consists of two different objects from the same
imAgeurb, coraisRHeyEhREgeERci 1 e IO AREPIONENES FReEAfEMAlkaRment

a ﬁgg&gaqm%ﬁgﬁﬁ%é%gu@wga@%msidered to represent different
observables (e.g., 20 different metabolites). The alignment propqsal rules

10 imply thaf RV SBREEE DEPHTAR FIgROsY ILARHTC 8TERSEARATRES pRyect pairs fora
cg_@&@@p@ﬂf@@g @Imﬂbﬂ@gw&@ﬁjpﬁgg&%m;m%remﬁgm &,tah:ﬁec@' f @grvﬂﬂﬁé g, a
object is always correspondi itself and, furthermore, that if.object |
A B R BB A BT L 0% Kb T BBRIES 16 ISR Ut S Bfore,

25mathsmaitioatly difis earses pgicdingnadsignine phicar dgecisisatb@sedno be
equivalence. assignment. The remaining steps illustrated in Figure 3
eI o BSOS S g et chEc (RS S roes
15 illuBiratebeifichigusreditesaike metiios srfositiefinifigtjeet dligmhogyuct 2 are
proposal. Figure 7.illustrate | i dugai Ny
B A B S e
mettroeiitersradéetinSersu ¥ 2T sfepsaastrasisiniigudsleasnt odirgty from
or lagical, SHAARNS Of @99@@3@%% %%%EIS&%@%&&% URESOYithin a

image comparison module 52 in some embodiments. Step 06. In step

306lagetregoipdidievsnbitticr rnyifed Grotpssmeishrent dpervables (g,
20 Objggts,assiangd.ipdie same observable (e.g. a metabolite or other
compound, etc.) 22 by an alignment proposal. An quectgr,oup satisfies

two rules. PR EPRGTOB|RRES AR A dRRIE AR BRY R SI0RRY mfeEy S gnnot
in the &RMEIabBEt @hRuPorRacondicany) Wewo objects in another image. It is clear

that an object is always corresponding to itself and, furthermore, that if object 1
corresponds to object 2, than object 2 corresponds to object 1. Therefore,

25  mathematically, this corresponding assignment can be viewed as an equivalence
assipnment. The remaining steps illustrated in Figure 3 describe methods for producing
an initial alignment proposal. The steps illustrated in Figure 4 describe methods for
refining the alignment proposal. Figure 7 illustrates an alternative method for
producing an initial alignment proposal which can then be refined using, for example,

30  the method illustrated in Figure 4. The steps illustrated in Figures 3, 4, and 7 or logical
equivalents or combinations of such steps, are performed by image comparison module
52 in some embodiments. '

Step 306. In step 306 object groups are constructed. An object group is the set

of all objects assigned to the same obserggblc (e.g. a metabolite or other compound, etc.)
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objects in the same object group are deemed to be "corresponding.”
Therefore, given this and the rules regarding alignment proposals above,
each object in and object group 5 must be from a different image. Step

306 begins by selecting an object set, referred tows the first object set, in

the plurality of object sets., This. first object set containg th ' i -
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objects in the object set aré peaks and an object group is created for
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are created, one for each peak. The net result of step 306 is the formation
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object sets. Each object group, at this stage, contains exactly one ct,.
o e SEIBEAE et BBl LRt 20 oSO8 LA SR Gtdp e ey of

objetisi) @achnefsiheesnqifingpbjest spiaar ereaxgmifedinropiteifthe image

assign them.to object.groyps. In prefer. mbodiments, each, gbject .
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pusposegeakcanthiardsjeseronptivecproed St ilestnateld imtReguheR3sascaruayl f
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obijéfty ghjeny pmwrmﬂg‘/@‘@ﬁmiq@!@rfer@bﬁéqw&ep 310. In step 310, another
object setig. SElaCles o S?yegewéﬁis%ﬁa sieaieshinr S1RANE SraByeatifGlns. At the

set that has not previou een selected for examination. The firsttime
stepn@ p sisp g Gerthis irtiivstaRerrosrasBaDpch R SR Gefatrgaikgobiect
begg, %ﬁ@g!ﬁ&ii@%ﬁ&%ﬁ Qhiget sehdescibed #stenR8tEoWeYamASHIfy one

algorithm 30 proceeds and step 310 is repeated (i.e., subsequent
insthiradromstissdseedhust eBieeisehreferably taken to make sure that an
object setdiaahas nohpeyieusktheampxarminedhby therpresess obiapets are
310 is selected in each new jnstance of ste&;ﬁlol Steg 312, St%§d312 its h
. LB(P[S @irf_ cypboadiments, eac
perfojmegrinprdatiosakamine albber ofjsitscin thwbfeciibatsetectedirses, a
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counter is used in the process illustrated in Figure 3 as a way of making sure that each
object group contains the same number of objects. In step 308, this counter is set to 1
because each existing object group presently contains one object.

Step 310. In step 310, another object set is selected. The object set selected in
step 310 is any object set that has not previously been selected for examination. The
first time step 310 is run (i.e., the first instance of step 310), only one object set has
been examined, the first object set described in step 306. However, as the algorithm
proceeds and step 310 is repeated (i.e., subsequent instances of step 310), than care is
preferably taken to make sure that an object set that has not previously been examined
by the process of step 310 is selected in each new instance of step 310.

Step 312. Step 312 is the beginning of a Joop that ends with step 322. Loop

312-322 is performed in order to examine all the objects in the object set selected in the
‘ 23



last instance of step 310. Instep 312, a respective object is selected in this
object set. As step 312 is repeated (i.e., successive instances of step
312), step 312 selects an object from the object set that had not
previously been selected from the object set in a previous instance of

step 312. 5 Step 314. Step 314 determines which object group.to.plage
S EREMELATR ThE IR Fiotireh BEEp S Fhs et MU et et
gompsﬂipg mmu@&wedf(fmmtmdmmimzsmrﬁmbr stapiBiRy stregtddIselects an
etween (i) the respective, object picked in ast | .
o e SRS e R R A SR UG ot na
theredrediftgtatje of gigupk. fifty similarity metrics will be computed. 10
Each simiarity metric will o obj ' Icket-Aked i
> the last irglg2 ﬁé{go %Pep%f%%g%yf {f[%e o} j%ctsﬁgl&&gcﬁlgﬁé%ﬁ%hipp e

pluttlitysbinsisiexst ef gaps 1 Coiide pesereplishid WhicHantas)a clgrsiih of
conjgj 65t By Ona AN iikaritypRelric BBfWeRked in
e e e e
lasthpdasinestaicsehs B ldaneifi Phises S ARRStherors Rdhamiudify gfebiect
of the Euclideandistance Rebveenspoaid iy si{iRrd hemriei s bl dbdiputed.
Consider the case in which an object group, contains multipl %{g{ecgtsg&: {S

10 | Eaghysimsidy pasrie REhhs e ersTmiet J%FH%H‘?@%?&%ER B dagdast
P inndheehieskgroun antkibe bpspeetive Ohectpupitked Fhifaitast object groups.
instance of step 312 is to .20 compute the negative square of the _
Euclidean hesiitE B SRR BRI Sh BOF DISHHER OIS GRS AN §93 R 9 Lo vay o
alternative embodiments, metrics other than Euclide '
i bt S S S R e

Attdn distance, ychev
dls%gg%_t% ggglﬁ‘ DR EE UGPSR san e L@éﬂ?@l@'ﬂ@ﬁ&@d %, , is to compute the
standardized ucllgean distance, a 25 Mahalanobis distance, a square
15Peatsoni cotpiatiat eedfficirlbrofistddiekemskdndistantd, Such metrics

can be computed, for example, using SAS (Statistics Analysis Systems

Institute, Cary, North Carolina)mt%:-Plus (Stitiéficdl, Béiences, Inc.,

Seattle, Washington). Such metrics are described in Draghjci, 2003, Data

Analysis ToeRsifss NASKBrERIFAYE CHSpRARPSPAINTRE Blpggiects
Lonm ghapies 1 high i . 3R incaraaraied-Ribeeierance begris P in

in its entirety for such purpose. 24 The exact formulation of the similarity
mettie wijedepend anithe aisaratterisijest p, picked in the last instance of step 312 is to

20 compute the negative square of the Euclidean distance between p; and P:
z = = a2
sim{p;, Py= ’"’Z {disr(piap_;‘)} '
. J=1
In alternative embodiments, metrics other than Euclidean distance can be used

to compute sim(p,, P), such as a Manhattan distance, a Chebycheyv distance, an angle

between vectors, a correlation distance, a standardized Euclidean distance, a

25  Mazhalanobis distance, a squared Pearson correlation coefficient, or a Minkowski
distance. Such metrics can be computed, for example, using SAS (Statistics Analysis
Systems Institute, Cary, North Carolina) or S-Plus (Statistical Sciences, Inc., Seattle,
Washington). Such metrics are described in Draghici, 2003, Data Analysis Tools for
DNA Microarrays, Chapman & Hall, CRC Press London, chapter 11, which is hereby

30  incorporated by reference herein in its entirety for such purpose.
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of the images that are being aligned. For example, consider the case

where the images are two-dimensional 'H-13C NMR. In such instances, a
similarity metric based upon a Euclidean distance can be constructed as:
J 5 situ(p"P) =-1{dist(p;, p1)} = -{(C; -C1)2 +2(H1-HJ)2} 1=1 Because the
scales of the carbon and proton dimensiqons are,diffiﬁnt a normalizi

, n .
constant AP FHRASTEE B M b OSHIEREERST 11 tRRRRGR chietdoteristcs
dirpensionde-makeathefistancednFasuratiphkiaseddSiep 316 Whatethe images

316, a determination js.m cis tq which.object group 10 achieved the
be&t% Tf?ﬂnﬁ‘?ﬁ’i %ﬁeﬁi .Iﬁﬁsg&ﬁugh]’%%%ee%?f%ér |(135I§rﬁ/n_t?(ﬁtj)%seed upona
thatwse dhe diagadtveak belidestrudisiance described above, the best

scoring similarity metric is the similarity metric that most closely

s approaches zefpArohech sauads ) Hewdyinequhe b hegierpipes
oD)j

in the coordinates betweeh the respective object that is being assigned to

bject " h object i ' ' 5 -
R VA IS s A AR A i

er the case in which the
bestrseating Rhjettipiedmebataingiasisgle objEcy; m. thurtwrrsdippas®n to make
that the object is characterized by a first dimension value X and a second
dintenéistanagl s asurderdiapel. coordinate differences between the

respectivespbiest piRg:AN Shiestdmihedests serrng ©hIectI0s8 MRt ISroup
below threshold values when 20 1X2-X'I<T,and YZ - Y'I<Tz where X2 &s
10 theafhie YhbRLIBH TR sIIdRHNe e Gl S8 Gt Lsenis: pITrdrly those

dimgRsiee dadicatar or thedehiattRd o dbe hest seerd)thobiactcabngroufilarity

12 is the second dimension indjcator for the resI#)ectié% object P,; YJkis thed ;
sedBAH BRSO FEC IR RORA, 68 SIS P AR BRSE &g Bt made to
groggekdise thie:fitst gimiefisiorébiasheleblirdltiaacheB0eE2 tis: thepsetondbiect that

o P ARG D TP 1 480 SaCh CEject 1 156 45 BGRE pbject

15 group are below threshold values. For instance, consider the case in which the best

scoring object group contains a single object, p,. Further suppose that the object is

characterized by a first dimension value X and a second dimension value Y. Here, the

coordinate differences between the respective object 7, and an object in the best
scoring object group is below threshold values when
20 | X? - X" <T,, and
77| <T,
where

X? is the first dimension indicator for the respective object p,;
X' is the first dimension indicator for the object p, in the best scoring object
25 group;
%, is the second dimension indicator for the respective object p,;

¥, is the second dimension indicator for the object 7, in the best scoring object

group;
7 is the first dimension threshold limit; and

30 T 1s the second dimension threshold limit.

25



10

135

20

25

scoring object group. In one example, the plurality of images are
two-dimensional 1H- 13C NMR images and the first dimension value X is
for carbon (C) and the second dimension value Y is for hydrogen (H), and
the coordinate differences between the 5 respective object p; and an

object p, in.the best scoring.gbject group is below threshold values,whe
O PR R BT R RO T HE e B AL DA

I R AIBH i S0 C2 i
o B R e e irareion Aoy

for Gh MR peedve i fxstidrneBrr sabisddifensioPrmtioatst s srand
ohjeRL i the besk SePTng QRisel I anarar BlisdRQ firstAimensionn the
threshold limit; and BH is the second dimension threshold limit. In some
ersSpRITVEIRICBC s A0 BaRbipe FnilidhbEIACErgRbIechBRIRIBEY ™S
PPM ré ss, 7 PPE%or less, 6 PPM or less, 5 PPM or less, 4 PPM or less,

%ﬁfﬁ% ﬁ’fﬁ”@%g‘f 'PPM or less, 1 PPM or lees, or 0.5 PPM or less. In
some embodiments BH is 10 parts jaet mittipa (2Padjior less, 9 PPM or
less, 8 PPM or less, 7 PPM or less, 6 PPM or less, 5 PPM or less, 4 PPM
or less, 3 PPM or less, 2 PPM or les8*1-FPM<oBjees, or 0.5 PPM or less.
In some embodiments each image in the plurality of images is an
N-Yi}ff?%nsi_onal 25 image, where Nis 1, 2, 3, 4, 5, 6, 7, 9, 10 or greater
than 10. i} suef emboeisienis adraandibatkediffprerice Gigtuegn the
respective object p; and an object in the best scoring object group is ,
below thiéshdiee iidimenaarGadicator fortim obieol 2 i the Best s¢preng object
CNI <BN C'where CI'is the i"" dimension indicator for the respective

obfeetP:

H is the second dimension indicator for the respective object p;

H' is the second dimension indicator for the object p, in the best scoring object
group;

Be is the first dimension threshold limit; and

By is the second dimension threshold limit.

In some embodiments, Bc is 10 parts per million (PPM) or less, 9 PPM or less,
8 PPM or less, 7 PPM or less, 6 PPM or less, 5 PPM or less, 4 PPM or less, 3 PPM or
less, 2 PPM or less, 1 PPM or lees, or 0.5 PPM or less. In some embodiments By is 10
parts per million (PPM) or less, 9 PPM or less, 8 PPM or less, 7 PPM or less, 6 PPM or
less, 5 PPM br less, 4 PPM or less, 3 PPM or less, 2 PPM or less, 1 PPM or lees, or 0.5
PPM or less.

In some embodiments each image in the plurality of images is an N-dimensional
image, where Nis 1,2, 3,4, 5,6,7,9, 10 or greater than 10. In such embodiments a
coordinate difference between the respective object p, and an object in the best scoring
object group is below threshold values when |

[C}~Cl!<B,

lC§—Cé1<Bz
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5 C'is the i'h.dimension indicator for the object in the best scoring object
group; and B; is the ih dimension threshold limit. If any of these N
distance test fail, the respective object p, is not added to the best scoring
object group. 10 The examples for determining whether the coordinates of
the respective object p, and the coordinates of objects in the best scoring
object group are below threshold values given above do not address the
case in which an object group contains multiple objects. There are two
different ways that such a case can be addressed. In one approach, the
coordinates of all the objects in the obziect group are averaged together to
15 form an object p that represents|the ateragévalues of all the objects in
the pbject group. The distance test is then performed between the
reé"f)gee five object p, and the averaged object pJ . In another approach,
separate distarigeitasisghion iabRueefer herfesmpetkbebieerpihe
respective object p, and each object in the best scoring object group. If
any of theSeisitbtailctitestsdiaih dvetre Spettvebisicotths esictauue dbjoctieoup;
20 best scoring object group. Step 318. If the distance rules between the
re%@ctive object p, and the objects in the best scoring object group are
not satisfigds(@: 6™ Nk shashahnesodbjaeitgroup for the respective object
p, is created and. the respectiye c;%ject p; is. placed in_the obje roup.
Wik LT RGBS AR B 15 9% s 5aH %éﬁ%%lfga i
all of 23 dhig;ehigrsn the object set selected in the last instance of step
310, the maximum number of objects that can be in any given object | ,
group wiliThe examplenilosisamingg shstheothe opiditadioahdavinserj ve object
coniain, 9% RiREHLSieR 3%%&@ apﬂ{elge&%eﬂﬁg%f@gmgg}e«%mw threshold
312-322 (and N equals one). Thus, to help ensure that each object group
contdins tiesahte ndonierddobjebts;aimissvigabie olstcre agdeditorthamultiple
object s b4 cre re ; =1,

5 .egtz. gﬁ%&% AT T %ﬁ%%e&% %%1% ’s1l1:c% a %}@1@43 b‘é’ﬁg&éﬁlsed. 105

"missing object” is adde ect groups 54 created by step 318 so
thatrgeohrbbjecearolin:B4 eredtdd dbjesteprahsdhiestwubjeeryamged together to

ObjgghItang 2 9§i%%§$#§84&&@%&%@%§%%ﬂ%@8§£1 BEYERALD Abiect

{
one "missing object.” A missing object is a dummy object that has the 5

propatfiesrisin{missingseias R @RS DARR(IeaQBIRELIBISSATP, and the
object), sim(missing object, real object) = a predetermined missing
peraalisgeed object B, . In another approach, separate distance tests given above are

performed between the respective object p, and each object in the best scoring object

group. If any of these distance tests fail, the respective object p, 1s not added to the

best scoring object group.

Step 318, 1f the distance rules between the respective object p, and the objects

in the best scoring object group are not satisfied (316-No), than a new object group for

the respective object p, is created and the respective object p, is placed in the object

group. When the counter N equals one and loop 312-322 has been completed for all of
the objects in the object set selected in the last instance of step 310, the maximum
number of objects that can be in any given object group will be two at this stage.
However, some object groups will only contain one object if step 318 is performed in
any iteration of loop 312-322 (and N equals one). Thus, to help ensure that each object

group contains the same number of obiects, “missing objects”™ are added to the object
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sim(real object, missing object) = a predetermined missing penalty, and 10
sim(missing object, missing object) = a predetermined missing penalty.
The value of the predetermined missing property is application dependent
and is chosen to penalize the introduction of missing objects into the

object graups. When loop_ 312-324 has been repeated a number of times,
o R T O TR oS SFE T R De e R e

objeni-groups diccteatagsindnstandes stépofistep tBiBaEbnb)kamptepihereated

an_object gr, 54 is created by step 318 when N is 5, five "'missj .
obiBHE( AL 8P RSB ethS HE AR 1S e et B g ptance
theofbiges Yronp s amtofakafiixiobjé ctsssne cdibjectsfacinmting aibject et has the
selected in the last instance of step 310 and five "missing objects.” Step

. 32(5),1‘?? ?ﬁtée%istance rules between the respective object p, and the objects
20 in the best scoring object group 54 are satisfied (316-Yes), than the

respective: objectn.. is.placed.inthebj 24, : one
e o B B a4
Thereforesift@risbjecbieshmieabbifedrserredriorainng RSIES Matdice of

step 310 pagRieadyPeaRRRcRER)a aag&%@ﬁ%ggmgopééa1kg§and

similarity value between the respective object p, and objects In the
10 particular BHEREHRELAPISBitRISFRMBPIEOT 8 AEEEbTHIRSdH BredEm Y-
ensgie hat thanPartigtiateRieGh B R GaPROLE deRmasHiaaethed is chosen

best scoring object group. In this way, only one object from any given

objiPeice %ﬁﬁw&?ﬂﬂ?a@ﬂ}éﬁ%wémt OREEHBIP Instep 322

a determinatien isprdesas insvaethepati-abjeciniartbetisepbjebtsEtibMhrger, a

selected in the last instance of stgp 31 ve been assigned to object .

crol A TSE L3 SO, HHBLR o eANEn BT Gt 315 SRR abpnces
153122B22pS | ke [featechfoplanoteanabigetinrthe djéctsateddbpatepttld imtttieN is 5,

last instance of step 310, 28 Proces ntrol pass tQ step 324 wh

ol B e AR SR AR A S e o P 3 ot

Ject electe ast Instance of ste
haviadelgacagsignédste oibef groeipect4 (B22bYes fr@rape3shic Gisp Bledtisl in the
reagh n all th ' in A t ject set 50 have been
ass%sr?egﬁ%%%gg} ﬁﬁ%ﬁ%@%éﬁ%@giﬁgﬁems, the alignment 5
proposals Semplite & e ditraty ofcsbiguegrobpsBactibeaditrtdnrifghe objects
the same number of objects. However, the process described above,, L

20.nc|aafh@hs%a@i%%@,ecaaméﬁéﬁ%%#fﬁﬁ alén 8B}e§t”§‘r8’f}5e§3"’°ﬁ"e object p,

Con@- §cg}ﬁr§ﬁ{@% LENBLL fﬂbjﬁ%R%e\Fe‘?,r oft Hﬁ@lgb' @t?@ﬁlc URPAbiect set
could%e created ir?} stepglg](r)g that is not pogui?gted bngan ) W% .J
50 is placed into a given object group 54. Therefore, if an object from the object set
selected in the last instance of step 310 has already been placed in a particular object

group 54, the similarity value between the respective object p, and objects in the

25  particular object group is either ignored or is not computed in order to ensure that the
particular object group 54 cannot be deemed to be the best scoring object group. In this
way, only one object from any given object set 50 is placed into a given object group
54.

Step 322. In step 322 a determination is made as to whether all objects in the

30 object set 50 selected in the last instance of step 310 have been assigned to object
groups 54. If not (322-No), process control returns to step 312 and loop 312-322 is
repeated for another object in the object set 50 selected in the last instance of step 310.
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object in each iteration of loop 312-322. Thus, in step 324, each object
group 54 that 10 was not assigned an object from the object set selected

in the last instance of step 310 is assigned a "missing" object. Of course,
there are other ways to ensure that object groups 54 are rounded up

using "missing” (durmny) objects so that each object group 54 has the
saffrecessheirdifebjests: Trremiodsdedorijedshnbe ivljkeivey IAealrsded in

of ﬁlquma%{aagg@' Sl ﬁ%&ﬁ%%%&%%sqg%gﬁm%%@m Apluality of

object groups ach have the same numbe ects can be

created bdradkifilfitap SBfeitrgrobish BaerkBithackitetsdntiase detefrbingisai S0
numREROL PRIGETS S BB PN SSG RIS SnHA d BRI AR HNEnment

approach, rather than using a counter and adding dummy "mlssmEgé

5 objEereht rrammuies ety d1 onabiar aramniddrhpointeitgs Bsjers
coulghbe.addesk dustipsinnia cieationdef thecnilial Migamenhamnesahatten:,

all of the object sets 54 have 20 been. examined. In this alternative .

apPrsacR! tREEH IR GrALRIYess BASRRA AR G SEFTHE b ThaRiRfimF o
nugbesf ahjesisceerialRdnany.ane Rl ecte o s hds abjgrinlauddy an
54 that do not _have this maximum num@gf.o%ﬁ;&am bﬁck-_filled with

tHE AR

dufthifyMESRICBHRAEL (R s do FACHBE g up >4 that
10 objeatsnStiepyRtanti3adrdmstem B8Rt arelietminatine isnmadmasdbstep 310 is

whether each 25 .0bject.set 54.in the plurality of pbject sets has been .

e e TNk PR T R e A

retgroso step: 3dthddderp asingenishiect (SembQ inthetpharditycetiobjgett group

sets b0 is selected and lo 10-324 is repe . -ohieg

o BB A B B R N, RS e o
iteretioxicof fuuphB 36324 (Be6rvesychd imitizl wigrihré atpduegissalf object groups 54,

15 CO’QQ&SHQE?CU{}% §9n¥§ %@H%PBP(%?&'RQEQH B8 SQHP Ug%gc@ﬁW@j_em {groups 54

some embodiments, this outputting step merely means that the‘objeg _
grotins B alesstore thhowavriry ansiesitRf, o sve mhIsemrdmsgag objects. In

storaged 4.l SomeRther Mamensthal s aacessilediy. sampytentng”

across wide area network 34 or some other form of network. In some
emBBIHHERIRSHR BIIBHEP oF Sijed P efo S heBtitp GHEHNG & Risels could be added
intefiacs:dewceeidh SOMPiiTaraadable it . MeGIUM of tRRAIBRIY 6% 34 have
2SSl copier ey, ofhe Uiy ol et doups e
in nderenn3thasnaxphualiiyabebjecbipavps:fidntd tome enabbiioersp. The
CooR R S SIS, i ORI SRESSAA s i
exadupieysin missieggrbedimenisthench bbjechgroegpddm number of objects.
Steps 326 and 328. In step 326, a determination is made as to whether each
25 object set 54 in the plurality of object sets has been examined by an iteration of loop
310-324. If not (326-No), process control returns to step 310 where another object set
50 in the plurality of object sets 50 is selected and loop 310-324 is repeated for the new
object set. If each object set 54 in the plurality of object sets has been examined by an
iteration of loop 310-324 (326-Yes), the initial alignment proposal comprising the
30 plurality of object groups is outputted {step 328). In some embodiments, this
outputting step merely means that the object groups 54 are stored, however {ransiently,
in memory 36 and/or data storage 14, or in some other memory that is accessible by
computer 10 across wide area network 34 or some other form of network. In some

embodiments, the plurality of object groups are outputted to a user interface device, a
29



represents a metabolite that is present in some or all of a set of biological
samples from which the plurality of images were measured. Turning to
Figure 2, additional detail for an object group 54 in accordance with one
embodiment is illustrated. Upon completion 10 of the process illustrated in
Figure 3, the exemplary object group 54 will contain a plurality of objects
20 Ak ahjétil200upthasdbjectgrewmobs i frinebodifterentcobjettrsystem;
50 and, hence, from.a different im 46 in the plurality of images. Each
ob?éé]?ezgﬁﬁ?i%'nog&é%%gﬁ? 7 %gilgelra er%)sent the same observable. For
example Jif salbjeenBodirteis s theakithhtlepressmopombistrmhsnmefary 36 as
particulay. metaholite in a fitst 15 im 46, than.objects 200-2 through ts
206})}%%%%%2%};#{%0&1%%@21{ {ﬁa%oég%%gon% aenm’easgrer?wer?% of ?he slglr)rﬁzsen
5 metabotiterinbtitbriimanyess! nsilustlstendmmidisres Xsalf gpameobject in the
embodiments, ap-obisg! QrouR S4-SIgHes. RAKigHaRINIormagen ahemts4
ea@g‘ggl}éﬁg%zglogﬁ the object grbunp i.nclu%ing, for example, .ihe source
imagpecasfrormarbol thibas biare SO0 asms Mid kREacBbRiiniRiesi oD 44pmRiss from

20 &ﬁ{&&%@ﬁﬁ%ﬁl}a&? SPﬂﬁ%?e@ RRximakpalt af theehiecindne MaureRal detail for

image, an optional objectintensity 206 in the image,and, optionally, one

or AICTRIRHAFAEReYSHEACHALaPFaVIAR ANGUARBRCEIRM SOA-SFRHE objetq completion
10 Shape20&indhaimagear Thakrecesadlbstivg iBhausSganeiiesan a

e B e 2 e L B

corgpletiae o thel reees sttt dftddn: higiye 4, iaahepisediy pfiirsdigysofEach

objects 200 from djfferent images,46. Each such object 200.in a.given
SR IR e e R O

5 le, if
LEIRE Obsanvabie Th measured data.
Whehijcobpsiotd 200rieaknhobiectgroup Béadarceprésdnt g admenetabolite in a first
observable in measured data, the objects, 2 e said to_corresnond. 1o,
lseaéﬁl%‘tﬁé%’l%a ﬁs{eggjgt(g? %%lrl%u %E@Q%I%aggiéggtgg%ﬁpm 30 does ﬁot oe
repressntdinensafitbeohservadidb(biy inmiidotiteyse®a second object in the

particular Qbject the fi i otie t
bach othe A R e e oo

gropg il ihiimatipsapiasshtoRiviR M istire Avdersesryn dtabdings iy example,
samples, 6aG, QRIS ERAPIRRHINERIPRICSH IrQLPadhln) AR aligAmaBE 204 of the

proposal could be an NMR 30 spectral peak generated by the same
Shiec

20metenties FoRts RS pRICRAF AP EO (b Opires il HEN imag &t gptional
biolggicalisample insvhich thegiven, metahelile isdeunshrRefambigiigics that
Figure 7, an alternative method for generatin initial alignment
propERErRAFIHEaa R oY f@n‘ﬁ%’fﬁﬁ%@%gﬁ% 'R MHe same

manner asysepsoess illustrated in Figure 3 generates an initial alignment proposal which
comprises a plurality of object groups 54. As illustrated in Figure 2, each of the object
25  groups 54, upon completion of the process illustrated in Figure 2, comprises a plurality
of objects 200 from different images 46. Each such object 200 in a given object group
54 should represent the same observable in measured data. When objects 200 in an
object group 54 do represent the same observable in measured data, the objects 200 are
said to “correspond” to each other. If a first object 200 in a particular object group 54
30 does not represent the same observable (e.g., metabolite) as a second object in the
particular object group, the first and second object do not correspond to each other and
one of the objects should be removed from the object group 54.
If the images represent NMR measurements of metabolites in samples, each

object 200 i a given object group 54 inB%n alignment proposal could be an NMR



5 302 and 304 of Figure 3, respectively. In step 706 each of the objects in
each of the object sets 50 is marked as untreated. Step 708. In step 708,
a first object set 50 in the plurality of objects sets is selected and, for each
respective object in the first object set 50, an object group 54 that

contains the respective object is constructed, thereby constructing a
pluspiity @ pebjerntt grouph S rometdeipte, ThisdiBdRreesdotwhenld be

theﬁ?e?erﬁ £00.gb i&%%% %tfsa%(?ol%ﬁiéélt s&’lr%%gtlﬁ SinthifsSReleA oM AMORAmd.

the"100 object sets 50. Say that the first object set 50 contains 50 objects.
For each Redpaiag/e Bigwest Tnahel Bonabjscrs thothriasneniies deipsm! glignment

ObjELL MR s iSderealrgdhas GARIASIDG SESRACI VS AbIaH e 2IBMALA IRps
step 710 a target object group 54 in the plurality of object groups, 15 54 is

5 seldbietnd Atheldiaripl wepvaiRhe rdn R L et icsRtireSept the

objeglset stersd 10enails:selactingione of the 50 object groups 54 that

was created in step 708. Step 712. In step 712, a target ob'e%%s t50in .

the pluraliff8r Gbjelt S&8s788 idurtinBigshseta RUsPLsritte .%%Sﬁtsrﬁs, is

In stgpclddarRD fupbeatedRbipe ibjtheiianget obiagtanibo0satecteetinr@p 54 that

the last instance of step 712 that has the# st s@ilaﬂ% score to fhe t$[%§t hiect

objECP B Fea A BET U RPIRCHR AR THE B R SR PP T T et T O
10the fikstpteratiBoraitongic! tdnsid2 fir eagiveletanpetaohietd@rojgpithe. A first

target.object group,54 will only contain bject from the first phje .

0. T 1 T 4H R B S o OB b ec st
54, Steprtihiridoivesdeernumhgetipectimeitaiegtbethesn thieginigléhpsirst object

obiegt i e SefasteRigsdiaiR.ad and epehntiealad aeshiadhe target

object et B0’ VEr, step IS repeated for each target object set 50
in the plurédlity 81 fardgetepljEe serebobistigmowe Thar SRty of ebipedgroups
1 SetssalnaveDeen, pro %?Et%%?e by 002 A 8NShi RELEf B dNBIIRTISbbects,

object group 54 has n -1 objects, either real objects "or "missing" objects:
P = {i8p PY0 enpils yelamisg aperof droé eiegmis s SbiButinaiseasdripstep 708.

and the objggs Prointhis pith 4ardetabisgtaaicpeuhintis stiltungreatagbantss 50
has the .Iargest (best) similarity to the target object group P is identified.

For Ksytiiiadr PSR 70411859 shject set 50, sim(P, P) _ sinz(P, P,), where

P, is in thesgp (R 1 , RZtedply Pleps vhlfaf20obiesten (hi Gaadelgeninationsitected in

made as to, whether the uptreated object P" jn the target aobject set 50.that -
e P RS An P roGb B B B g et otyec group

a
identifieeldotsiap tht4a-sréncampatiliep Foo insitaced consdiddirthéaasen of loop 714-

722 for a given target object group 54, the target object group 54 will only contain the
object from the first object set 50. Thus, in the first instance of step 714 for a given
target object group 54, step 714 involves determining the similarity between the single
25  object m the target object group 54 and each untreated object in the target object set 30.
However, step 714 is repeated for each target object set 50 in the plurality of target
object sets 50. Suppose that currently n —1 object sets 50 have been processed by loop
714-722 and, therefore, the target object group 54 has n—1 objects, either real objects

or “missing” objects: P ={p,, B,,.... p,;}. Thenan n" object set 50 is selected in step
30 712 and the object p, in this n'™ target object set 50 that is still untreated and has the

largest (best) similarity to the target object group P is identified. For any object p in

5=l
the n** object set 50, sim(p,P) =) sim(p, p,), where p, is in the set {p;. P, P,y }-

f=}
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in which the target object group contains a single object, Pj. Further
suppose that Pj 5 is characterized by a first dimension value X and a
second dimension value Y. Here, the coordinate differences between the
untreated object identified in step 714 P; and the target object group are
below threshold values when X2-X'I<T,and 1Y2-Y'I<T2 10 vg% re X2 i

AT 4 S
the first GiAREZiET 4AdISETSP 1Bl e SR AREOB TR Ier 2 i fiflpr the untreated
digagnsion indicaterdostiie abisotiBalriss e fREgehabiast gavme NRtsdhabject

second dimension indicator for the untreated object P,; Y" is the second
dignensidnindicatoddutiine iobleptTPf ireromnaétlobfiutigssnpe. aeyideisthe case
the first dimension threshold limit: and T2 is the second gimensiol that B
theg ﬁéf ?‘rﬁi@ﬁ%iﬁg ?%’?sr?élﬁc%o%asl? aﬁlg? 16-I\]o§,’?§é'untreatedg)plgjseect I%;pf

is nehaddad joithe targetiobiachovane Sdaddd saibed, BmenissingnRAK. Kere,
added to the target object group 54 (step 718). If both distance tests are

sabsfrogrdmeevhiyrensst IseNRTrdRIatERIELCIF Y. eSS R tar de?nd
object oroun 54 (SIeR 120AARd the wntealsglobigs P is marked as
treated.an one exam le, the plurality of images are two-dimensional
1H-13C NMR images and the first dimen&idnTalemiX is for carbon (C)

and the second dimension value Y is.for hydrogen (H), and the

coordinate differences between the!dntreated 25 object P; identified in
st%rm and the target object group Pj is below threshold values when
IC2- Ef<Bc,and IH2-H'I<BH where 30 C2 is the first dimension indicator
for the untfeatbd Gisjetireasiodrdidaienéofitbe dintrensibabisaicator for the

object p, in the ta%et object grou{%@HZéjs '
8

: the second dimension jndicator
o the uneBbE SISTTD S CE e B R SFIGT R Soop

oot P30 L SR AR BE 0 o aragn el

Y7 is the second dimension indicator for the object p, in the target object group;

T 1s the first dimension threshold iimit; and

T, is the second dimension threshold limit.

If either distance test faiis'(716-No), the untreated object p, is not added fo the
target object group 54, but rather, a “missing peak” is added to the target object group
54 (step 718). If both distance tests are satisfied (716-Yes), than the untreated object
b, is added to the target object group 54 (step 720) and the untreated object ﬁi 18
marked as treated.

In one example, the plurality of images are two-dimensional 'H-BC NMR
images and the first dimension value X is for carbon (C) and the second dimension
value Y is for hydrogen (H), and the coordinate differences between the untreated

object 7, identified in step 714 and the target object group j, is below threshold
values when

|C* —C'| < B,,and

|H*-H'{<B,
where

C? is the first dimension indicator for the untreated object p,;
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In some embodiments, Bc is 10 parts per million (PPM) or less, 9 PPM or
less, 8 PPM or less, 7 PPM or less, 6 PPM or less, 5 PPM or less, 4 PPM

or less, 3 PPM or less, 2 PPM or less, 1 PPM or lees, or 0.5 PPM or less.

In some embodiments BH is 10 parts per million (PPM) or less, 9 PPM or
less, 8 PPM or less, 7 PPM or less, 6 PPM or 10 less, 5 PPM or less, 4

PPM or leggs 3P R diressiond RENhor fesshd dBRM or inebe cirfebobRNeorup;
less. The examples for determining whether the coordinates of the
untreated-Blijebe pectenitidio isistepdicdon ol the eolareirbobiser Bhjects in

the target pbject group 54 are, below threshold é%ues given above dg.not

address the tRESTHRM PRSI BIRELPT 1ReGIEY £4 Eb%’t%fﬁ%g?ﬁﬁ Bk sroups
objects. T, gei%)%gﬁ{rgtbﬁgg%%gqh?gﬁﬂg% ¢Qnain,multiple objects after loop
S rmu

712-722 een repeated Tol tiple object sets 50 because either an
5 untreatedBobijeibeseertthibsipntiabiewshaiddaxdtided to the target object

group 54 1£ach M I0oR 42-#2% REReatiet mlifere PR RbIgas!t BMSPM or less,

different ways that such a case can be addressed. In one approach, the

codrBfidtesletsall BRMbBdess thiRM e drssod Db et bisup Bavhes less, 3 PPM or
aV%éﬁ]%me&P%@?lf@ﬁfm@ Rbiest psthat AeRNesents he AMBREBnMALBS is 10

of all the objects in the target object group 54. The distance test is then

pemdFinEE Buliel BYdspécive DR Or st M et Shiebt Mpsissnt PPM or

10 thejaveraged (hiast PPPV anRRET APRI@ACEssSE PRdisrdistan e ldsiSlees, or 0.5
given above are performed between the respective object p, in the target

objetS8t $6%nd each object in the target 25 object group 54. In some
embodimenis cifaaneafithdse distanceietis: fdit, dberdintreaté cholmeetipd object

identified in step 714 | t added to the t t,object 716-N0).
StoB PSR 5 e e G e ARt S s ggoup 54 ae
setg 201 1be Myl of ohied-se e A havghean examined dpranabieehject

that should be assignedto the target object group 54 selected in the last_
1Sinsteiqee of SRYPIEONW SRl aeb[gYs - VHEs taseritRbl 554 S5 o el eoplieify myltiple

(728riNed Qﬁéﬂ@bf@%%e&%@g tecaieRdlal Whereianethigedasaetsohjechsetkither
50 is selected. an

loop 712-722 s repeated, 33 Step 724. In step.724, a
o GG AR 2O Tt Bl Mt B R Bitraioue 54
of ohjectigtoups F4have begnraxdnihed byethdabove -idéktiiadvarotessuch a
(loop 712-722). If not (724-No), process control returns tg.step 710 where
T i o OB ol R APOR T o y  BTAEe e el R e
20selegipdianeulpop fe/d2rigdlis peprateddan thedsgetfghject grramBAhl average

each object group 54 in the plurality of object groups 54 has been
exaksines dyehithatiteln bithsdprzatniigst @eyp 54. The distance test is then

performed between a respective object 2, in the target object set 50 and the averaged
object p,. In another approach, separate distance tests given above are performed

between the respective object p, in the target object set 50 and each object in the target

25 object group 54. In some embodiments, if any of these distance tests fail, the untreated
object p, identified in step 714 is not added to the target object group (716-No).

Step 722, In step 722, a determination is made as to whether all object sets 50
in the plurality of object sets 50 have been examined for an object that should be
assigned to the target object group 54 selected in the last instance of step 710. If'so

30 (722-Yes), control passes to step 724. If not (722-No), control passes back to step 712
where another target object set 50 is selected and loop 712-722 is repeated.
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Yes), control passes to step 726. Step 726. In step 726, a determination is

made as to whether all objects in all objects set have been marked

treated. If not (726-No), control passes'to step 728, if so 10 (726-Yes),

control passes to step 730. Step 728. In step 728, an object group 54 is

added to the plurality of object groups for an untreated object in one of

the objedtgefsin thephality dbehjdntsisrin madktaetonthetiedibblgettigroups

R G e SRR RS

créated object group 1S’ designated as the target object group and contro

15pmsseddopsiep- 722 sif tiat(TRé-tevyarobjectonvopreambéopbpulafeahere

with corresponding. aRiects fram, obiech setsroiertban ios cRisst sel that

t t 00

was t eers%gfﬁ%%gg%%un%reatled ogjiect.ﬁgtep 730. Igll%stgp 730, the initial b
5 alighivsitiprepesied donthriirasttheigsiugetity of dbrashgrbigpicesmp54 n the
?Lgﬂﬂgﬁt‘}'Jf‘o%t‘j’éE‘?g%ﬂBQ%‘Eﬁ%%eﬁ‘&a&iﬁ%&'ﬁgahﬁtﬁ&iﬂ@ﬁ%ﬂ%%aﬂ%’&@ (724

hat the plurality of object groups 54 are stored, however transiently, in
mersbryIBrahrpse $sirafe 14, or in some other memory that is

accessiblg by-ogmpLigs, 10 sag tReswisleishas Mely sk G4 IsMe (HRek in all
form of network. In some embodiments, this outputtin s}ep me

_ rel .
RIS theat i/ BieRBRBt RIS She 1 ACLEM foMi-GoREe! §PStS @p%ﬂ&%ﬁ» ifso
10 thaypereEmssiepsRdsh assBpsaalisclosed in Figure 4. In some 25
embodiments, the plurality_of object groups 54 .ar utted to a.usef ..
interface ‘Sfé(’n@g %BWPp%fgr %é%%ﬁ?@ﬁ@?a%gel %g?hétr% af éun%%lr%(, %{r{)gjw
locgloapsemateienrpedardystenoneaasithe phjealitptointijecl gritpsiebiacs sets
displayed. Figures 3 and. 7 outline two methods for the generati f
init%?ﬁﬁaﬁﬁgﬁ{egroc? %cstaltﬁ 60 E&%ﬁﬁ e At Wi Iorb S%ﬁgl@é%%i%g enct1 treated.
methodsydy geatchtivroizan8i detigheakdmndnttpmpobidcagtbull suteentrol
methods are within th i e referting 9 nd;
LS H e e 0B e B e oo nine
groehpect filvis: stiget irvithetirmetharathRelirst, ssh8wiavirsthspjescs e e untreated
selec g&, loop 712-722 can be repeated for each respective object in the
first object set and the object group for a respective object in t 3e4first

object setéeuitf Belacatritlethelinii et SFanoHLIIBER A thoplyrlity of
theJigspestiveohiechuthaRiuralitsat ehisshigraup ol ECORSH Uty means
by repetition of loop 710-722 for each object,in the first object set. Then,
20ne\ihabiecPraliy SRRt S el AOBH]ebe T4y P HE OhjELRCERE 26
thatrarpamnsaarked untseaieaansiieomdhdry 22t epeaiadi iy bhenaputer 10

82{%&}%%%?5%}%5&%%@? of %8Q1§t5t_célrnf%r%nno Vyle?e)oer?(t. qﬁosu mfeoém nodiments,

this outputting step merely means that the object groups 54 are passed to an object
proup optimizer that performs steps such as those disclosed in Figure 4. In some
25  embodiments, the plurality of object groups 54 are outputied to a user interface device,
a computer readable storage medium, a memory, or a local or remote computer sysiem;
or the plurality of object groups 54 are displayed.
Figures 3 and 7 outline two methods for the generation of an initial alignment
proposal, One of skill in the art will recognize equivalent methods for generation of an
30  initial alignment proposal and all such methods are within the scope of the disclosure.
For example, referring to Figure 7, in step 708 it is not necessary to construct a plurality
of object groups at this stage in the method. Rather, once a first object set is selected,
loop 712-722 can be repeated for each respective object in the first object set and the

object group for a regpective object in t%ed{ first object set could be constructed during



the steps of loop 712-722 would then continue until no untreated objects
remain in any of the objects set in the plurality of object sets. Methods for
refining an initial alignment proposal are provided for situations in which
the initial alignment proposal contains at least one object group in which

some of 10 the objects in the at least one object group do not correspond
to gadirsthentian ekemplady7agwdehrispedfiningsech aligmnemlity of object

pro IS ihustr in.El ' i in.Ei 4
e e b A e b e
In Steprus al bebaohebindirshBeubpestdrepeasd famnthietidnae it ts objects

Propasah{ie Al alied Q&J{%ﬁte@%ﬁ%ﬁ ﬁﬁ%ﬂ?%ﬂ@a%ﬂn?@r the new object group.

embodiments, three object groups from the alignment proposal are

5 selEbtaotss ShrORTBTNARRE RbifcbBiewp Brcupyiriseoser predipreeating
SixQBIRCHISPIIRS, BENEIARIAR! BHOLRM RIS AR A6t BIRIRS JBjBERIAH in any

grogéos, orten o gé:t roups, are selected from the alignment proposal. In
i r

praiits abigSTRbE Bt Blettgréapistaitbe selected in step 402 up to

the numbgrgfo2O1ebieEhBIOMPE: Rl Al iR el ligprmaniorepagad for situations in
(outputted in step 328) i‘tself. Verification of the assi%nrg,ents of ob'ecgs A ¢
200" M e S et SRS BRSBTS Bt (G5 OPE SRR PBRKIbiR Which some o
10 reagsighmeninohihe (haje ois 20 todifipréntobjeciegponpsoiehdl other. An
performed by the St?ﬁ s inJoop 404-4112 as dggcribe in mrtggr gﬁitg'
e S VR G R S
setshisssgiediestra?s in Bipicakethbadiments peopdseli objeet set5luslitptof objects
selggéﬁgsas econd time in an instance of step 404 until all of the objects
set Inthe plurality of object sets have been selected in previous

instances YEptéR 404 sED X ampiertivivete enbyeisorys Dhitendbe alignment
15 ggé%b?;né‘s%ﬁ ?&Q'Blﬁrgﬁr@ 8%%%5'9& é@oﬁ&%%é U I thas Already AR RIGK S ree object

a previous instance of step 404 and another object set 50-N has )
not &yewrs pieRe i ¢T3 AVRReSANSRaTRlec s tEp S0, qrlashineents, four object
embodinents an-ebigshsetrbidheRiuwralityeh DR S6EpISRIEKER QR Boups,

random or pseudo random basis without care as to whether the same
objEMRSRPISE RV ORI HRET SERER Arh Yol irb ixoradhsradigyapsyproposal. In
p hrO\;J;deﬂcetfaa{f herseiestedieh gﬁl@@b@ﬂfﬂ%’%&[&?dhﬁ abjerises selreteshiser of
the last instance_of step 404, For example, in this specific e iment,

2o ROREIT BF toi 45 S U ST BT LB LB ket G
404k afjecifshe wakselantesd thjteralion inlthé sthp1d04ubtioniénstion of object

object set 50-1 cou (iﬁbe selected indteration il tep.404. Step 406. In .
oD AR DR R O SHjobte DO o A st ot 54
performed by the steps in loop 404-412 as described in further detail below,

gtéure 4, In

Step 404. In step 404, an object set 50 in the plurality of objects sets is selected.
25  Intypical embodiments, a given object set 50 is not selected a second time in an
instance of step 404 until all of the objects sets 50 in the plurality of object sets have
been selected in previous instances of step 404, For example, in some embodiments,
object set 50-1 is not eligible for selection in step 404 if it has already been picked once
in a previous instance of step 404 and another object set 50-N has not been picked by a
30 previous instance of step 404. In some embodiments, an object set 50 in the plurality of
object sets is picked on a random or pseudo random basis without care as to whether
the same object set 50 has already been selected by an instance of step 404, provided
that the selected object set differs from the object set selected in the last instance of step

404. For example, in this specific embodiment, on iteration 7 of step 404, object set 50-
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designated in step 404 that are in the subcombination of object groups

defined in the 5 last instance of step 402 are identified. For example,

consider the case in which the subcombination of object groups 54 from

the plurality of object groups selected in the last instance of step 402 is

object groups A, B, and C, Further suppose that the object set selected in

thé tashindanteeistepep0UisiDibleobiset H0-WasTieericoiaiAboR /thig! step 404.

NPl sbconbinalion of ghiegle asigriadhIomebigrkset 50-1 in

step

dre ose objects In object set 50-1 that have been assigned

to objectYeoufs AnBieartd € e sHecammiinaor pfobinsa 280 Sissaéarrhicgsset >0
"'La%%gﬁ?a%wiﬁ QLT &y ihihg. itiak SRR RIS OIRSIS B fihed in the

objec

group A, object Y is in object group B, and object Zis in object

5 grouspicsioecoliss, Bjeteddgriitisd- AP ® cxmardewinnsifes BadrisHRMIch the
Obiﬁﬁ%dm{f&?o%iﬁ%&%f&afé IS5 AMA0 SRRl AT HRe: piRek Selected in the

selected in the last instance

5 of step 404 may be used to form

altkad RS GR AT (5 SHRRIARS FROSRS o 2R Gs, B GeTSUPROST B aeiect
N gunabenef phiect-araupmare salpciod i ansldy ebjeots, anedpicaatingto this

the N object groups is selected. Jt will be appreciated that Figure 5 Jist
oSrE BT R S BbjeLe S e RO Bt T RS ehag
10 alighyrestipsanasalieof sietn 32Gandthatdhedsiiadatigrirengrorgposabofnd C n

tep 328 typically h 0 obj 9,500

e e e e R e R

Steé&@%a%]ﬁ@méﬁibmi&m;cogmma ghjtqmér';a‘\& ieahisetientp Froussohjes, Z is in
o . . _ .

ggtogzjgcltn%%‘e)eg% “r%{;éfo?frg%jbeg%[%%o%&& UA‘F% %?&e@ Wi HER é%ééu@ﬂa?t?b?%s

in urality o ects sefs is selected. In step 406, t

sulfcomtinattiort sft25attjsrtis2ee ot Gisjebicserssrlerind i Siefrsigastance
15 tha&%‘gf?ggﬂ%dl}g &?&1 é%?&@ﬂé?%ﬂ}% Qlflé’ttﬂi?éfﬁ 918 éﬁ@%@@@ IMhus, as a

step

bjects X, Y, and Z) are selected. In step 408, a Similarit

scarsulf ebatqateel P neadersssiisi stsjept arsisetighotg RopRisFaRRF ST each
the selecteg sitbeambinatign.efohiects omsandAtmnding. saleeind: a

subcombination 6f object groups from step 402. 30 As illustraf .in Figure

5, iR BAEBR TR DISH SRR BHEHRE Dfe APE foliFs N R

e g pposel

six gifferent phiachahisstGouRcembinAtoss, dhaw s ey praiposal maty more

five alternative alignment proposals. A s

_ lénil?gte/s ore s co ut%d for listed in
2002 BPELHEELPS e Rratil ¥ AMGTTAEAT BE OSSR T OARE B RbOd mer S, =
simpasifie score is computed as: 36 F(alignment proposal) _ f (object

group).

25

30

Step 408. In step 402, a subcombination of object groups 54 (e.g., object
groups A, B, and C) in the plurality of object groups are selected. In step 404, an object
set 50 in the plurality of objects sets is selected. In step 406, the subcombination of
objects 200 from the object set selected in step 404 that are assigned to the
subcombination of object groups 54 selected in step 402 (e.g., objects X, Y, and Z) are
selected. In step 408, a similarity score is computed for each possible object - object
group combination of the selected subcombination of objects from step 406 and the
selected subcombination of object groups from step 402.

As illustrated in Figure 5, in the case of three objects and three object groups,
there are a total of six different object — object group combinations, the original
oroposal and five alternative alignment proposals. A similarity score is computed for
each of these alternative alignment proposals. In some embodiments, a similarity score

is computed as:
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all object groups in the proposal As illustrated in Figure 5, each object
group 54 considered has multiple objects 200. In step 406, those objects
200 in a particular object set 50 are identified for permutation into all
possible object - object group combinations to generate alternative
alignment 5 proposals. The objects 200 not identified in step 406 are held
fixed in each of thE&dizreepiaivecsirment propobalRieFoEresample,
referring to Figure 5, objects X, Y, and 2 W& 's8Rket&d in step 406 and

SOy qIRermeted iniaral passiblaAlierpative absndeaathareRosals sviekeaso. In
objects H, J, and K were not identified in_step 406 becaéJse, r%are nott G
frofvRIC GLREEE SRiste riifien rPatEORer MRIRehad of &te [ 9B o0 i RgHRation

embedimessbiabjestarebilt oY simhtpiktahprirgsirdr ilthgagreupignment
This objective function js essentially_the. total sum of simjlarity measur
beRiRR8Efe T BB EUFT: R adeglfbi}ﬁe.‘*ﬁé?é% %ﬂﬁ?&%} e ese
objtehenil ¢héi Finehjesbrese clve bxasimifp refijriaghe Bigiaipimesaskre’, and
betyeen pi.and pj . For mple, 15 in such embodiments, t imilarit

s Bt B kit bt St tiai b e
prqpqsmal; \fvhetqmlgﬁouﬁﬂﬁ Aol mgmp@@ﬁﬁe€b@ eepgtoupeciuseghey are
Y IRR Rk BRI NAPLPD AL gAlS S E Paligs group Al

palrs <i,}> in object group B all pain <i,j> in object group C = sim(X,
H)+sim(YinBesimsZbedimpuisther, in such embodiments, the similarity

score alternative alignme ozch“r)(R? al I setf pz.]ml;i re 5 is:
F(alignment proposal) :ﬂto ectggroﬁ Atk (g;g%ﬁf’ B)+ f (object

group C) _ Esiin(pi,pj)+ Y, sim(pi,p) + Esim(p;,pj) all pairs <i,j> in object

grotp s birphieaIgEom b BRSeR bl S AIrh IS & j%%ﬂ&@fé&?%ﬁbéf{t‘ge@n the
37 SR irt'%alsam%heagmk{, kil 200 SFAAREHIRE e BN ANLY 0f ooject
images 46 comprise 'H- 13C nuclear magnetic resonance spectra and

sim{RpRkfera Qmﬁﬂ JRIf Bf RRIaEARIH P8R0 HONES! JFOMU SR INFR example,

alignment proposal is computed using the following equation: sim(p;,pj)
=-{dtistéph @I EfED1s; T 2 mdkiity 442} faviteeénitial alignment proposal set forth in

Figure 5 is:

F(alignment proposal) = f (object group A)+ f(object group B)+ f(object group C)

= 2 sim(B, B,y + Dsim(P, B} + > sim(B. B,

ali pairs </, /> in object group A all pairs <i, /> in object group B 2il peirs </, /> in object group C
= sim(X, H) + sim(Y, D)+ sim(Z,K) .

Further, in such embodiments, the similarity score alternative alignment

proposal 1 set forth in Figure 5 is:

F(alignment proposal) = f(object group A)+ f (object group B)+ f(object group C)

= > sim(p,p,) + > sim(B,.p,) + Y sim(p;, p))

a1l pairs </, /> in cbject group A all pairs </, /> in object group B all pairs </, f= in object groupC

30
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C; is the coordinate of object p, in the 13C dimension; C1 is the coordinate
of object pj in the 13C dimension; H; is the coordinate of object p, in the
'H dimension; 10 H is the coordinate of object p, in the 'H dimension; and
k is a normalizing constant. In some embodiments X is determined by first
considering the upper bounds for carbon and proton dimensions. For
example, the upper bounds fstEdidoniand-grotiit(dickénsions can be
estimated by manually aligning two reference object groups 15
representing two known metabolites that are next to each other in a
two-dimehsional enMR speisttheapl T arselimpgonasherismd thapmiear

o aLaEsEae, ARSAln 1 i QUSE D902 ARIER %P an

wn from a u Istributio c,C,,,é+Rc

5 1, whetefonp'84he ACiiaheRal g@@dﬂim&@m&ﬂug@ epsfonuiohthequation:
corresponding metabolite and Rc s the rgaximum range that an 20,0bject
can shift in the cgirtah Bjrrenéiém( vfich cambé estimate dH a donbiaddyre
form from the reference data. The upper.boynd Bc for the carbon
dimensiofri&stgr HERIEE %fa biset A8 BiSoet SSUREBY for the proton

e e L ARe A Rled IRl piphota dieaine) 20 consian:

A is then &5timated as ' some embodiments, the plurality of

images 46;,cQmiriseuendintensional #bspagtaaandsim(p;, p) for a
given pair of objects p,,pl in an object group 54 in an alignment proposal
10is computBgiasiestoniizmid ofdigeqs" b)) o theX Exdiynengionyiyd), where X; is
the coordinate of object p, in the X dimension; X is the coordinate of object
p in the X eiffeREBANZEE YOR81#RE coordinate of object p, in the Y
dimension; 38n¥idstheseardinaieeiabiedtyd itdhantidimensionppacdands for
is an gptional normaljzing constant. In SU%:I mbodir?])'ent Af IS d%termiged

i B, ASHRBIETASTIA 1o bR REEP e X BRGNS TR o Do
dimensieno\vitk be afpresibethinatsimiligdisianoe Sematichieargheips

used when the plurality of im 46 comprise threezdimensional.
15 fouflec]i’ﬁ?‘%ﬁgﬂﬁwtgy% %@%ﬁ%ﬁ%%%%r%oaﬁ er gﬁ)@étcﬁcr)aﬁa\?vm%ree ra@cﬁ?%ﬁa%%%%%%oml
are NadHegdonthe. didtamcempeivictor mtherdothnicherewidingted @6 thowqsbee

simi %%itgn Poarwéeoggeec‘tai%%“g ngleg{@%n\i% A irﬁl%@%'m%m%om a uniform
similarity metrics can be used to
distribution [C,,, = Re,C,ne + R ], where C,,,. is the actuai coordinate in the carbon
dimension for the corresponding metabolite and R, is the maximum range that an

20  object can shift in the carbon dimension, which can be estimated in a nonbiased form

from the reference data. The upper bound B,. for the carbon dimension is then defined
as 2R.. The upper bound B, for the proton dimension can be calculated in the similar
way. The normalizing constant 4 is then estimated as {B./ B, Y.

In some embodiments, the plurality of images 46 comprise two-dimensional

25 spectra and sim(p,,p,) for a given pair of objects p,, 7, in an object group 54 in an
alignment proposal is computed as:
sim(p, B,) =—~{dist(P, B, )Y =~((X, = X, + A, ~¥))"} , where
X; is the coordinate of object p, in the X dimension;
X; is the coordinate of object p, in the X dimension;

30 ¥; is the coordinate of object p, in the Y dimension;
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computer similarity in step 408, including but not limited to a Manhattan
distance, a 10 Chebychev distance, an angle between vectors, a
correlation distance, a standardized Euclidean distance, a Mahalanobis
distance, a squared Pearson correlation coefficient, or a Minkowski
distance. Such metrics can be computed, for example, using SAS
(Statisticy ArigdysisrGiystenististitgtejxCheyY NartnGenptind) or S-Plus
(Statistical Sciences, Inc., Seattle, Washington). Such metrics are
describetl irpDeagiRel OO ZROMBSERRIYSIs Tools for DNA Microarrays,

Chapmay), & HallGh6Bress:L araaRinchamiey A, whishe iaeieRt balancing

incorporated by reference herein in its entirety for such purpose. In.some
erfilsoditiasnsiomand) tha vy Brrsige S UBIEdR FRBES ARG tiih SRagRgIStance
5 SPRER AN simtedfer aoberPgibolnhiestrRiombifsahebiasherdumba
in an 20 alignment proposal is computed as; 00, if | X, - Xjl oy LY - n 11
is RrGBR-tFRIA-SRIGRPER SETRI2Rd, PIRtST BT )ﬁ}zCH?n&Wr}fe%‘{%lé’Fél erms are
({jd istipd Y the dieandd) ArdtiY chianet fris tencottdinate abatjeetsppifuting X
imengion; 25 X.is the.coordinate, of object |5 in the X . dimension; Y; ist
co%ﬁ%@i%}ge@f?géigﬁ?? ,‘meﬂ?éo'%s-dﬁﬁ‘é%%%‘rﬂfé Ps{%res%lo%l M6 %%ﬁiécl?tepn cdto
in thenYidinenisieny antdepd (s dmbrdnalibngoohstaed. tiraddehhattan distance, a
embodiments .k is determined using any,suitab] langi
DR e ot A e S R
plitadifyiafidisges:46 Mohaprists tigadimensioasd Praiges (ergladpeenefficient,

a”%-%iﬁ{e}%k%&%{ aren %%5@%%9%%&%%&@0&9 gt EXQYIR&PI!P, 54:p @RS

alignment proposal Is computed as: | 00, if ( X; -Y lor | X, - is larger

thaRtatistippéndpsiadysiempngdyte Crse North Esrrdianber S-Fips (Statistical
Ot@%ﬁ%ﬁ@s, W @fﬁtie{,qﬁgﬂin@jt}}%.zs{&?ﬁ etk 0 dbcribddan Dr&%ﬂﬁ:iﬁhﬁ)_@fﬁ,

coordinate of object p, in the X dimension; X is the coordinate of object pj
15 in tRexAmatesisigrels for DNA Microarrays, Chapman & Hall, CRC Press London,

chapter 11, which is hereby incorporated by reference herein in its entirety for such

~ purpose. _
In some embodiments, the plurality of images 46 comprises two-dimensional

spectra and sim(p,, p,) for a given pair of objects p,. p; in an object group 54 in an

20  alignment proposal is computed as:
~o0,if | X, - X |or| ¥, Y, |islarger than an upper bound, and,
sim(p,, p;) = P .
—{dist(p,, p;)}", otherwise,
where
—{dist(P. B} =~{(X, = X " + AT, ~¥)'}; and
X; is the coordinate of object p, in the X dimension;
25 X; is the coordinate of object p; in the X dimension;
¥, is the coordinate of object p, inthe Y dimension;

Y, is the coordinate of object p, inthe Y dimension; and

» 1s a normalizing constant.
In such embodiments A is determined using any suitable method for balancing the X

30  dimension and the Y dimension.
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Y is the coordinate of object p; in the Y dimension; 10 Y is the coordinate
of object j3 in the Y dimension; X is a normalizing constant; correlations is
the correlation between a defined neighborhood of object p; and object pJ
; 'y is a weight for the correlation term correlation ; 15 F, is a log intensity
of object p; ; Il is a log.intensity of object p 1; and rl is a weight for (I; - 1J
)2 . Suchliertediméntimestpdhtiqilazlity st iulagtsett replipdsin agediarensional
available., Replica images are.images taken under the .exact. same set of
o Aol SERETICE SOM T SErma LRS! Sk e i edlc
are AVe ML INRTIR E,%gb@digw iy efdmages that each represent
two or more replica images. For example, consider the case where there
are four imag_es,ﬁi, 3 -Go.ahD-Where & is 1 rspiesioh@ sagipasbaund
replica of X fi-this Tase A apd 3, may, be svaragad tagehen to fobrise
image AB and C an qua%’e@\;zra}éedotogethei‘ to%fofrrh irﬁgde CD.

5 Imaggs-AB and CD are then 25 aligned using the methods described in
Figures 3 and 4 and set forth above. In some embodiments, a
neighborhood regithssUirdundirg-dabmahjict iblifs Rafive image is
defined. Referring to Figure 2, these.neighbqrhood regions are stored as
one or mgfbl%g’ﬁocr?ﬁ%’ﬁfé&c’g g{t’f@% @0@%{?‘? %%%Bi‘é%{’zoo in an object
aroup 54.ToeR. g\BRigheLRARREOF elatap iediiedigmeasure the shape

similarity between a pair 40 of peaks, where correlationu is the correlation

between the;defineshpgighberbere: of. B @BdrRiiniBrspae embodiments

correlation,, is a Pearson's correlation coefficient between the defined
10neighborhBdsitbé Peadth®sj of higdoy intentieyY; dmdufiofiP; and pj

respectively can be determined using conventional methods. Typically, in

the 5 case-WHeRE AR EBREE PV a peak in an image 46, such methods

map the arga- QLRSS BSREIRRISRAREIE REAKd i BAREhood of object P, and
embodiments, y is user determined to balance the position difference and

the shjegiezdifference. In some embodiments, the ratio of the mean of the
square distances to the mean of the correlations is used as an estimate

for y to maké Hucieldy 1y SPTHIAESH EERGI A 4R the square distance

1sterm compajable. The @, calculated by randomly picking a
large number (e.g. 10,000) of object pairs such that

I;is a log intensity of object p,; and
7 is a weight for (J, - ]J)z.
Such embodiments are particularly useful when replica images are available.
Replica images are images taken under the exact same set of experimental conditions.
20  In some embodiments, such replica images are averaged together to form a plurality of
images that each represent two or more feplica images. For example, consider the case
where there are four images, A, B, C, and D, where A isareplicaof BandCisa
replica of D. In this case, A and B may be averaged together to form tmage AB and C
and D may be averaged together to form image CD. Images AB and CD are then
25  aligned using the methods described in Figures 3 and 4 and set forth above.
In soxﬁe embodiments, a neighborhood region surrounding each object in its
native image is defined. Referring to Figure 2, these neighborhood regions are stored
as one or more optional object shapes 208 for each object 200 in an object group 54.

Then, a neighborhood correlation is used to measure the shape similarity between a pair
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any pair of objects is from different images and their position differences in
both dimensions are within predetermined upper bounds. In some
embodiments, 0 is defined as the ratio of the standard deviation of the
position shifts and the standard 15 deviation of the log-intensity of all
objects in aligned replicated images (e.g. images AB and CD in the

exanpiekabone) aneeldrisnzaraiptbernsistoriesvddOingtendilikighborhood of
selected subcombination ofobjects is reassigned to object groups in the

selegteadstibctmbinatorbodiotsetst groejes bigsisc: liserdh's objetitiootsjexdticient
group combination alignment proposal that achieved the best similarit

scorelvrertbe dsbpspleciedieaingde iy rdsr it alighinsitprsitodaprnd /; of B,
hieved the best ,th bj X ighed bject ,
R P R e o e

59 if 0N W&%@ﬁ%ﬁﬁ@%é‘@%‘@'ﬁ%@%@ PIRPQsal ﬁg&&?yﬁqﬁyal@@&% or

- score, than object™X remains ect group A and object Y remains in
objeelgrogpeRIPasSe FUte Nepktep 412, a determination is made as to

whether thg SHRGOMBINAIAR Of ARGt BLauRzIdeWilad PR [Rltion difference

instance of step 402 has been evaluated against every object set in the
full atigHmemperdiftsseqehiplaratinmbb dhjsots sbrsyatkopharmta, obferringpre
to Figre 2, CoRGIHQN.(412:¥ et will nat g AghieYe d HRIBETS RAFDEAMe scales

an instance of step 404 for the object set corresponding to image 1 30 and
1 Canotifelrcdnstasiadooftatepadd hitosginecalijecicsatonresperatiieg Thémeagsm@ms are

If the ;sub bination of object groups identified i st.instance. of

cror LB RO  QOUGEL Fioka 1o T ST By RN such
aligrnyeraiprdpoisals(s1onolifGoemtdtagep asdabean steiid0dili#renees in both
eroliecebieelseL RS ALAIN ol Sect Elnie sARTad FRImEmE'
refe??%é t%b%%g%re éjfﬂl.{r%egne iEteratllongl %tance %%f s%esp%dt{%gél?ltﬁh%;dgg}ect% tIS
corrdsfondinghtaraniagéthervmn e s dtectidnveiche aeditiam b atet dtiosanflard
tep A404..the abject set corresponding to.image 2, may: be selected. Whe

L R R e P S (e s
subcebnbidatidmchobjectjernos Setedtadisinestep@Ri&412-Yes), process

contl pases i SR 41, SELIAE SR SO S

grougsi st grogpe i th04elkbed S pbiinYes), dhebplijegtsusebesateupon the object -

e A A SRR B0

2Whef devisiaries tefdryinadefieehthd dlsjeormentorinrigblladhavasetisbhest score, than

set fBEjé@@ﬁ?g%&'é%i&%@ﬂB“%}a%@@i%dﬂB and object Y is reassigned to object group A.

Continuing to refer to Figure 5 if, on the other hand, the initial alignment proposal
achieved the best score, than object X remains in object group A and object Y remains
in object group B.

25 Step 412. In step 412, a determination is made as to whether the
subcombination of object groups identified in the last instance of step 402 has been
evaluated against every object set in the full alignment proposal (the plurality of obiect
sets). For example, referring to Figure 5, condition (412-Yes) will not be achieved
until there has been an instance of step 404 for the object set corresponding to image 1

30  and another instance of step 404 for the object set corresponding to image 2. If the

subcombination of object groups identified in the last instance of step 402 has not been

evaluated against every object set in the full alignment proposal (412-No), control
41



successive instances of step 404. This pattern continues until no
alternative alignment proposals are accepted for the object set for image
1 or the object set for image 2 for the given subcombination of object
groups selected in step 402. When objects have not 15 been reassigned
to different object groups during an instance of loop 404-414 (414-No),
prosess oot awbers ensther 2bBCSwiInthe Hhislisy afighigct sets is selected.

defQimination is:nafe 8% ¥Wtﬂ%ﬁgﬂé?9&ﬁﬁ“@{§st&i@@)tm{% 108, the object set

complete allgnment proposal has improved. The objective function for the
coPRpRROBATS VSO S 1S @%ﬁeégh@er%r@ ?ﬁlﬁéﬁf Bropianpy step 404, the
(oRigEtaQUBKalBRIBSE ARSI the, oRgsakvivere: Ankisetareuatdbeen

object groups in the proposal iIs computed using any of the methods set

5 forth el e HTABSEHRIGIRR T Eom e HRGSIREH &1 S8I R REHRDCced

of |aeR #824162 WheyeNdssd cantds1$adsd Ohtgraaier £5 in various
embodiments, 416 Yes), than rocess control r%tljrns to step 402

h
il ot B e e i S
is selestedd o mﬂ“@meabfmcgmﬁpba}mmg joeprovéd in. thestast IM-Yertibasbiects

o oo o n ek, Wandhe dblect groups i el N0 Aghoss

riment propo 8Sme embodim
10 oumhﬁftwteaﬁgajmutmnd}msmdsahmma&émtlzmagbjécfﬂh@ng rebpsdsdision 414 is

Co?é%é gna' al o%%%% %né?he 5%(5%5%%9‘1"3??}9( ¥ H@@%&%@ggm in

memory stora or in some other memory that Is
acsesmbﬁe/bwswmméstm Ko Thin it ereoonBINGTNIBY Iin altsmetive alignment

;g%gg%@me gaﬂ ity:0f AF-0DisckITAMRS sntalD memefarfaé nga for the

are outp to a user interface device, a computer readable

stoga‘g?@ mémmhlraﬁﬁ@@f&me@t EFoeaFelerEA et BisptpPaenot
15 Plugality,of QRiect weﬁ&%@mﬁé@f@&% sThe 5 e REosesSaMline dhish HigLIR 4 (614 -No),
algorithm.

an example of a greedy searc alternative embodiments
varbafienss kel L afiRhifdM are taken. For instance, in some

embod'm%fﬁés 43enid iR caninugsdednpadatinedstepd et ﬂ@c‘dbjecﬁve
ossible subcombinatjon of N object groups from the pIu lity of o e%t -
gro%wgtmrﬁ%@er&w%w%%%bmm AHEBR St Rﬁl‘é‘% H fignetion for

hel¢heansigivte glignhbat gardadNisgiverSe for example, in some

embodiments, there may be 10 object groups 54.n the full
20 F(alignment proposal} = 1 (object group)

all object groupsin the proposat -

where

Z [ (object group)

all obieet groups in the proposal
is computed using any of the methods set forth above. If the objective function has
improved in the last N iterations of loop 402-416, where N is 1, 2, 3, 4, 5, 6 or greater
25 in various embodiments, (416-Yes), than process control returns to step 402 where a
new subcombination of object groups form the plurality of object groups is selected. If
the object function has not improved in the last N iterations of loop 402-416 (416-No),
than the object groups in their final form are outputted as the final alignment proposal.
In some embodiments, the output of the final output proposal means that the object
30  groups 54 containing the final alignment proposal are stored, however transiently, in
memory 36 and/or data storage 14, or in some other memory that is accessible by

computer 10 across wide area network 34, In some embodiments, the plurality of
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10 alignment proposal and step 416 loops back to step 402 until each
subcombination of 3 object groups 54 in the full set of 10 object groups

54 has been selected. In some embodiments, the number of object

groups in the subcombination of object groups selected in each iteration.

of step 402 is a fixed number, such as 3 object groups 54. In other
emijecligrents, direamingtbe Ghabjetiugoopssal theostibttschisiration inferface
object 15 droups selegiadin aachuierRon.of sisn 025 Alpued i aBupure
For example, in some emboél ents, in one Iteration of step 402, five
objettmrou s Plusrets efadtedtwhersas dritsplath@r iteration of step 402,

four obieﬁgg?g&%é&@f&&%%%ﬂe ;U oA L HAOCIEEN S afbF algorithm. In

condition 416-No Is achieved regardless of whether thé objective function
is dffraatpiosmbeditesisfivadtinmnmpiibe srerkiaaishmals Mism fpriwiiage. in

eXRIE It SRMEEHEPIDehisANR £oRALIeR-A16MNp imachiaadh possible
regardless of whether the objective function is still improving after l%?g?eﬂﬂl

40pbepehingtineesf R phise grenBrdama i alith il eRinT e wRdd !
thap R Hessdna e tharh00R tinre sy hsroTe it andona dutndegd, theuspad N <

times, or more than a million times. Any of these Itelré‘l ive search

. t .
eribo SPIERE HRE forfh OB (rBRAT BEEFSTGGREHS | 96 TH EIo by I the ful
grepgy-saanshRigarihndhal ésoapy ralgotithrapthel folidwsthabpeatiiantion of 3
solving metaheuyristic of. making the locally opti choice at each.stage
o TRLEREE of ARG e Bl R e R SeTeRE e
iniﬁaﬂﬁid@mmttmrmmhai @28 amgmmﬁmdmmmm@gﬁr@@mms
seyes Lo provide; an example %g?seas e "%‘&%’i’i%@!@ daqll,'%% c‘%'gﬁlﬁtﬁm. In
on gréedy algorithms'is fSundin Cormen et al., 18 , Introduction to
AlgdiithenshGiagpies, 17 GrebehoAldirithansing i88¢; scheambinagioo pf object
Introducti lgorith: 6; i iscr, ;
e BRI SPRIRANCU s S5G rele o ox
Optintiediioents, in neliETatigiooBeap i afiyvritiget 20Us Bidgratlected whereas in
Opfimization 3 285498 1gach el Whichisuncornerated kY refereneeer

herein for their teaching of greedy algorithms. 43 In some embodiments, |,
a d@:ﬁhﬂ%@@ﬁséhera@ﬁngﬁl é—@f%w%@&?éﬁe&@ré}ﬁﬁrﬂf wehgthey T pgve

theripitiah,2lloaMmentRiCRRSM3 28 1HatheLHIAN dhadsacess llusiratedtis. For
Figure 4. In some embodiments

| a hybrid between a dypamic search an
a gFERRY s & PO S BRRARTE sibE SETAHIR HE N %ﬂF@%‘f%%ﬁ?gsfgf%a%
328 tafiner thastibeivraress ilusiategrivinigufierdoxetiplathdy bagnicpeated
approaches that can be used are disclosed in Carmen et al.,.200 .
BRI 5 A S S TSR R Tam e T, 909 45
69;iniakdpnetat. ht9B9d Reastsilyendethodsin Geoaomiicon times. Any of these

alternative search embodiments are forms of greedy search algorithms.

In fact, any greedy search algorithm, that is, any algorithm that follows the
problem solving metaheuristic of making the locally optimum choice at each stage with
the hope of finding the global optimum, can be used to refine the initial alignment
proposal 328. The algorithm disclosed in Figure 4 merely serves to provide an exampie
of one such algorithm. Additional disclosure on greedy algorithms is_ found in Cormen
et al., 1990, Introduction fo Algorithms Chapter 17 "Greedy Algorithms" p. 329;
Cormen, 2001, Introduction to Algorithms, Chapter 16; Gutin et al., 2002, Discrete
Applied Mathematics 117, 81-86; Bang-Jensen et al., 2004, Discrete Optimization 1,
121-127; and Bendall and Margot, 2006, Discrete Optimization 3, 288-298, each of

which is incorporated by reference hereiianfor their teaching of greedy algorithms.
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10

15

Dynamics, Harvard Univ. Press; Bertsekas, 2000, Dynamic Programming
and Optimal Control, 2"d ed. Athena Scientific, Vols. 1 and 2; and
Giegerich et al., 2004, Science of 10 Computer Programming, Vol 51,
3:215-263, each of which is hereby incorporated by reference herein in its
entirety for disclosure of dynamic searches. Dynamic programming (a
dynamiclsesaren pmbadisenis @ﬁ@igl%ﬁ&ﬁ{ﬁh@a&%&%fé%%?%ﬁ%%ﬂwmm
SURSHUEIH L ARRChEILMATARZAIA R NRADIRREAEARMING fedalliakesed in

one of two approaches: the top-down approach, or the bottom-up
appeERh. I 8 fF R BRI R B HROAEhDEHE R IR bFEREH Fifb® recdy

subpreplapssirRddesesuinioblemsiaraiiseived pRAIEE SDBIEORS than the
remembered, in case they need to be solved again. Thig IS recursjon ar&d

@RI EhIm SR ther hPIReY PSRRI AP RISprOGtfakfian be used are
subprphiams thakighbheneedra ate-solveddyadvance dad. N Rissd&

to build up solutjons to larger prohlems. 20 embodiments take :
VT B PRc) St e S e oMU g
muitiplexieplidates:d Wsivchressdelisvtnts 2600 Shatenyc iBragfiustratiggand Opiimal
objects in the repligates far each difion, This be don [ .
OGO TALTS S At deALe oLt S dnest Bagionee of
im&enisuter EpdigatentaigeN arides més%ﬁeeacdpgfiwiénhdb berdiridreoriTeisd by
an Ayeiaus imade, seeRied R ahandhooraian,L ealivnlteps Apiaged
images are aligned across dll experimental conditions using thé methods

ilustrgrathin Figerdenguingearahusbsenise aldBoveriwpring SR hisaye (1)
an ayeraged image. fromsmultinle e DRSSPSR RIPRAMHMRNISAOF takes one

the Objects representing the ‘'same observable (e.g., metabolite) in the
rephicivesipapaaher tadny o wraresrrsiaereth Beked ARARREER, A toP-

objggtsinfhe mannerdsreHbec 3R AhaveulibRARS: € MRDAIRBE RiBpRAG S are

experimental condition is a different perturbation, or absence qf such a, . .
eI (IR TS S STE N BB S SPPOR SHOS PIYGH fgeim. This i
measwreimet oiHhssampltsidbBAWRRS Dittersotiainpreshsisaly all

-susceptibility to acetaminophen-ind totoxicity, For th i
e e A S RN M B e

20

25

devgjmm kivéart@xipthbriter a single 300 mg/kg intraperitoneal dose of

i mice. OMTGHE S Ta0r BA7 60 S eiie S Rl i Eeriments

aminotdhsienastr¢Ahiltiple replicates. In such embodiments, the strategy is to first
align objects in the replicates for each condition. This can be done using the methods
llustrated in Figures 3 and 4 and described above, where each image is a replicate
taken under the same experimental conditions. Then, an average image is created for
each condition. Lastly, these averaged images are aligned across all experimental
conditions using the methods illustrated in Figures 3 and 4 and described above, where
each image is an averaged image from muitiple replicates. In some embodiments, for

the objects representing the same observable (e.g., metabolite) in the replicates, signal

intensity is also considered tracked and used to align objects in the manner described

30  above. In some embodiments, each experimental condition is a different perturbation,

or absence of such a perturbation to which a sample is exposed or not exposed prior to

measurement of the sample.
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morbidity and liver histochemistry were assessed as indices of liver

toxicity. There was variability in the severity of the toxicity observed in
different experiments. However, 10 15 strains reproducibly developed liver
toxicity after receiving this dose of acetaminophen. In addition to the
increase in serum ALT, acetaminophen exposure caused mortality in a
significant percent of the mice fron¥thaddiBE¥rains. However, the SJL
strain wap sepraduciby esisiant Lo davalap ndAiusHngst iy tpXicity.
There was'no mortality among SJL mice after acetaminophen exposure;
anlPREY et 15 much smaller and transient increase in serum ALT. To
uncover thg genetictRasisiersthessuintgisiiaindilfgrences) @igetaile@use strains
histochemical, transcriptional, and metabolomic analysis of the
driRAREFINEAE JYFLIRSETN FUETE SRR Ao PIBIERRA (QBSE) 4058 Yree

se Eﬁﬁt@ﬁiﬁ@ﬁﬁéﬁ“@ﬁ@@e@i&, Dﬁﬁl&s@m&b@h sicains Was peitigmethice.
Within forty-eight hours after agetaminophen. 2Q treatment, there

ST REBATEAITE EROG RSO A 0 R S N s

all afdbidicenduivivédstinlatditionythe drescsensiiliecstodifsehactiaigistiiete was
pattern of morhidity. C57Bg6 mice had 100% mortality within six hours.after
oSS HoMHh R g DBAR) e S S e,
48 Hotirsiaftepadsingly desplativdiysHistalugichtexammrtitns cliverf

tssue Seel oaaén@og;gm%m% §§e ?A%Pé&?@”ﬁ?%&%%’ﬂ%ﬁqgéE&ﬁ%ﬂ%}éﬁé%sexposuze
Liver tissue rom mice had relatively minor drug-induced injury.

Howased mivéaliigdoe sistafiredtirormeniofbsaniensnivdsnaibssetawddowever,

QUIR BFCOSIE &Q@%&%‘P@Ml@{bﬂeféﬁg&t%ff@é@élg?ﬁhﬁ%ﬁg&ﬂ@ﬂ&%‘ﬁ& toxicity.

hepatotoxic dose of acetaminophen could result from differences in the
raté TP SR B G HearaaRe e Lo Biise MalPh eeaBaHROIRED cEDeBYC B iRy had a

toxigityn HRreVahdthensesistabloa Siaihhas previously been shown to
generate the same amount of hepatic acetaminophen-protein adducts,

after acetafiRSEHEDE8ERRNSRASS f9E BERIR B HEE SEFANT St RIS,
thethapatisrgeneaxpression], prafilgsipdieairthihinisacatamifophaauced response
treatment inducﬂc:,:%Jl ne ui_yalenEé( great r% level of DNA da |
B VS B PR SR B =R TR0 6 G LS, DBAL
expres Sidll)citine evdifferéningene® it dvesindigatarsrofflve DMAdsmage
resggrglee %I,Dtgxglge’ Da@aelp []éii.%%‘%adgr?a a)arvrvxgs I%r(:ee:at?gxgl ¥Betﬁl%e%a's@nesitive strains,
extent in all’four strains. Thus, a hepatotoxic oS8 Gf acetaminophen
indudesisefo¥Matiare efipyiotein ladddoisnatid dutivatesitive Sxiasdahagestinct
re;%%@éqi I IEsEian, %K&%@e@ﬁ Y S&%ﬁ%@ﬁ?%ﬂhﬁﬂ% BHSCSRIR!Gosing,
strains. This suggests that genetic differences affecting the host .
while mortality in the SMI and DBA/2 strains occurred at 24 and 48 hours after dosing,
respectively. Histological examination of liver tissue sections confirmed the
biochemical and morbidity analyses. Liver tissue from SJL mice had relatively minor
drug-induced injury. However, liver tissue obtained from the three sensitive strains
showed quite extensive centrilobular necrosis.
Differential susceptibility to a hepatotoxic dose of acetaminophen could result

from differences in the rate of production of the reactive quinone metabolite that causes

30 liver foxicity. However, the resistant SJL strain has previously been shown to generate

the same amount of hepatic acetaminophen-protein adducts after acetaminophen
treatment as the sensitive C57B6 strain. In addition, the hepatic gene expression
profiles indicated that acetaminophen treatment induced an equivalent (or greater) level

of DNA damage in SIL mice relative to that in the three sensitive strains. The level of



response to the toxic metabolites underlie the strain-specific differences in
susceptibility to acetaminophen-induced liver toxicity. Furthermore, the

fact that only a single strain was resistant and the variability in the
response among the sensitive strains suggests that more than one

genetic factor is likely to contribute to resistance 10 among the inbred
straimeé&ﬂﬁiyﬁi&ﬁmmmﬁmheﬂﬂn&mdiwdagﬂ‘mm9mwge zanpbnse

Sl Nous M Iltes and ne res
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resiotance 1o acet aminop eI LR: éellver oxicity. The endogenous
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gnvgr%s 93@9&%% lie PeakS oY gm&a@n 'ﬁ% ang analyzed;by.this method,

principal component anayS|s (PCA) (Duda, 2001, Pattern
C|a§smeatzbwmmmcmyx@®@n§du¢ﬂd 11p'pr %@cﬁﬁngﬂmﬁn@rh&@tﬁw that only

in CO{@H{QEQQTQ% (eierence et Mevas siad 1o A depiily-Rekakaliesensitive

peaks that distinguished the response of the sensmve strain from the
threstieassteegestihn e hiataloltashio e bistikrbttrreuHatisurtaistance

1¢@rug freatmant iifferentiated resistant SJL mice from the three sensitive
strains. Therefore, the metabolites within the geaks thatdlstlngwshed the

response of e Foel SRR TS i BB el atife By expression

and &%@2@'@0 W@d@&&[@@wﬁe@ﬁoﬂmmrgeweé&ﬂﬁ@@i&Mahgﬂﬁﬂ neegesRUsamined
metab |te p 5} had unique abundance pattern j

n the resj g%?‘é SJA_ -
straiff’ ﬁl@ﬂ ?éﬁ%%’ﬁ %ng'%&“&gﬁﬁé%s%ﬁi &&qnree
the tm@tﬁmﬂm SrainsSsing ESHnante assigieme nismifd the pathways and

onflrmatlon gxgenmints wth L{I’Ifled compaounds, the j entl ?yghhpf
&(ltCl

L thes8 RPN O4&TEIE. Flénelnéj eg'%ing%SS| ne

glutathilbigen@omsistbolitadtivits ﬁ@ﬁ@ismngéiﬂe &m@mmwmwmly 818.
liver @XICI%D%]el?ta\glalstthea%nl%er}t%:r%rs 2 e&%‘@%ﬁ gegsbg%@%thod and principal

glutathione concen I‘atl ree er acetam

administrationt trebestie Gotattivne.[@Vels e @@mﬁﬁmme&ﬁ@a&@@m& Sons,
the three . SeRSHNESURNNG i FHEBINELIEIARCH 6 REAKSWERE: 835 ERE ) to

alanine, ’Iactate and betaine. Microarrays were simultaneously used to

Zhalydengénaesdrisinsln haedisoamster S trEveTo0F Yearmsiiusoiein from the

(zeroghr).and thraedarts Bilenacshmi %ﬂﬂt’l@@ oBAANYI SHiaH QLA SiME drug treatment
pre-determined selection criteria (fold-change> 2 and p-value <0.01), the

resistrESNIEEA R HED O1-galsedt SHrESSIBRe TR that
significantly tiffesedfromdhabinitbedtee sensiivetsitaingdhieddioliesesponse of

after ttrk.xeeartéggpatm strain from the three sensitive strains at zero and three hours after drug

25 exposure were identified. Nine endogenous metabolite peaks had a unique abundance
pattern in the resistant SIL strain, which were qualitatively and quantitatively distinct
from those in the three sensitive strains. Using resonance assignments and
confirmation experiments with purified compounds, the identity of eight of these nine
peaks was determined. Three peaks were assigned to glutathione. Consistent with its

30  resistance to acetaminophen-induced liver toxicity, SIL was the only strain that
maintained its hepatic glutathione concentration three hours after acetaminophen
administration; hepatic glutathione levels were significantly decreased in the three

sensitive strains. Five other metabolite peaks were assigned fo alanine, lactate and

betaine, Microarrays were simultaneoufég used to analyze gene expression in liver
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5 This large number of differentially expressed genes limited the utility of
analyzing the gene expression data by itself. However, an integrated
analysis of the gene expression and metabolite data provided a more
restricted set of pathways and genes to consider. Only twenty of these
differentially expressed genes were functionally annotated in the Gene
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an additional week before use. The following 16 inbred mouse strains
wetdsdeuareersin: of slifferrnBaAb e ahenesiming fig ualifef analyzing the
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d%@ﬁ?zﬁﬁ@ﬁ%@fﬁﬁ&ﬁﬁb@ﬁeﬁﬁ@ﬁ@d@iﬁw ﬁilik&iﬁl”ﬁff@ldbd) Afagated in the
withhe rom the animals overnight (greater than,sixte ours) to

R RSO PR R CIGHE BGIEEOR KL aer oty e gones

adpdnistergst aasihpled0pwog/ kgpittrapsrittnedtddsefoffrasheprepmeeabolites

acetaminophen (Voi lobal Djstribution Inc.) suspended in PBS (pH
7 Mt ISR B Al

ree access to food and water after treatment. The
mice wergréuthianigechiyy @@2ibaletioreto Sleot thloiglitsanbldd matk mice
Iver IS3Hes 2k 2610 Q%%m%&#a&&g%@a?ﬁ%;b%?§ %) The Jemaining Rics,
were Sg monitored for 48 hours for the occurrence o ‘ _
acedditimaphienkibdfvedatedihs [Blovtheskimphasdyerusy rtieinaiveisstudied: SJL,

cardigcpnneiie Sad Plrced IRERT Aseated §4085 AN PIASISSATPIES /6],

were ISolated by centrifugation. Alanine aminotransferase (ALT) activity

wadAeAsGrbER M AVERTYEPE FRE o Fai g8y aF sa ke, were housed

Wisgansio obMe IS SHE BRI Ha0UB i e dipialy e Gt iiBfRURith 2
sections. The smaller section 30 was fixed in buffered formalin, processed

by StridariehistSmli et R HHi GRS IRER b S i BE SRk SHRCH R HoiRd Was
ang - pxavitireshiordistopatheiaicieVidensehhlviésinsurde teifainlngeplete

coclon Vete e, foren I rcoen and g A e o g
analyisissrandcdatio sy of éssiig plemzeh dbcertissipdsn (O NIGY b Estribution Inc.)
PSR s 0 el Aol MR Lo o
anctthmeng The mice were euthanized by CO; inhalation to collect blood samples and
liver tissues at zero, three, and six hours after dosing. The remaining mice were
monitored for 48 hours for the occurrence of acetaminophen-induced deaths. Blood
samples were withdrawn by cardiac puncture and placed in EDTA-coated tubes, and
plasma samples were isolated by centrifugation. Alanine aminotransferase (ALT)
activity was measured at the Marshfield Clinic Laboratories (Marshfield, Wisconsin).
Liver tissues were removed immediately and cut into two sections. The smaller section
was fixed in buffered formalin, processed by standard histological technigues, stained
with hematoxylin and eosin, and examined for histopathologic evidence of liver injury.
The remaining sections were snap-frozen in licuid nitrogén and stored at -80 °C for

gene expression and metabolite analysis.
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three times, thoroughly mixed, and then centrifuged at 12,000 x g for 30
minutes at 4 5 C. The supernatants were dried by speed-vacuum and
re-suspended in 500 | D20 (Cambridge Isotope Laboratories, Inc.).
Samples were then centrifugally filtered through 10-kDa cutoff filters
(Microcon YM-10, Millipore) to remove precipitated proteins. The fil{rate.

was |yo&ﬁﬁfﬁ@di%ﬂfgg{ﬂ%ﬁwmﬁgﬁzbg@c{:gm{ﬁfé&fzﬁ%\ﬂ?mmn 1ver tissues
qumz%(tﬂ%&;éqifgdagaﬁ%@1&&@1@&@@[&@5@%@%@&&@2@&@? into 15 ml of
igma-Aldrich), 10 which was an interna| standard for analysis. .
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SCans.REs -iﬁ@n@e@%ﬂ%@%sﬁf&@?aﬁ%{&?oﬁo%%&é ensiongiang),

total spectrum a n fimes of 2.75to I1 hours. NMR assignments
werbiconfsrrrintyrat qiaingd Sor INbIBpEwlgsf samples spiked with
purified GeRRQUAAS, AR NMB 3PSE{rRHMET S PHOSRISPH Vit TARSHIN,

(Bruker, Billerica, Massaghussetts) and interpreted with;the aid of the

SpRRey TReRyiPeRtaa al TEraRBRrY SO Dhdkagd (Gcsrusgy of 150.87
Frangisearsalfarmiakalhacaiaerihandesaribediabamed icopiumetionRihances
Figures 1 through 5, was used to align the peaks occurélig?gein differe

SpUEHPERERED HUBS O BEP IR RS S AR AR TR SRt RGN e - ¢
wasD PELrsRdiniwa sepdatedthg dicsksieparaphitatesdan the qantiative

strain were aligned and the averages.of the alj clusters were used to .
AT B S BT UL 75 W TR B o e 2
speatradfielé gheheatigheddhceaatadhetiimal Sfigrimertofctedd Minddtato 64
The aligne lusters were t filtered using-the followi riteria.
it iinm e bt A R
fromedhisitiifferert sffaitfstanid tioves pdivs, ()i gheentodrar $ATSHBILY 6F Brauinng
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minimal intensity was greater than five; (4) the peaks with a spectral

region (138-BMB spepiravew Byareredbreindep e ABseke Yiifere

highly oyerlanping.Repismeringithese FutaHa ey has sankadhY thelration
ANOVA p-values.

Software package (UCSF, San Francisco California). The algorithm described above in
conjunction with Figures 1 through 5, was used to align the peaks occurring in different
spectra that corresponded to the same metabolite, In brief, the alignment was

performed in two steps. In the first step, replicates for the same strain were aligned and
the averages of the aligned clusters were used to generate a representative spectrum for
that strain. The representative spectra were then aligned to create the final alignment of
the NMR data. The aligned peak clusters were then filtered using the following criteria:
(1) the metabolite peak was present in more than four samples obtained from the
different strains and time-points; (2) the maximal intensity of the peak was larger than
ten; (3) the fold-change of the maximal to the minimal intensity was greater than five;

(4) the peaks with a spectral region (*C: 61-81; 'H: 3.3-4.3) were excluded because
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ALTERNATIVE EMBODIMENTS AND REFERENCES CITED 5 All
references cited herein are incorporated by reference herein in their
entirety and for all purposes to the same extent as if each individual
publication or patent or patent application was specifically and individually
indicated to be incorporated by reference in its entirety for all purposes.
Edbhyotthehigklh overlepmingutBedrogeshinp tberss i ssniperapsked by their
dis&j@é%%()vgﬁ{&i_n optionally further comprise a step of, or instructions
for, outputting a result (for example, to a monitor, to a user, to computer
readable media, e.g., storage media or to a remote computer). The
present iNUGRHpR QAR PEEMHNERISHIRHERSIS CONIPREF PIREIOERCHVED
that comprises a computer program mechanism embedded in a computer
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computer program product that encodes or has instructions for
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m Il 'ﬂéﬁ:fllpﬂﬁ 1REM i, di

10 st?&%?&%ﬁ uct, or aﬁ%ﬁ%ﬁ%ﬁﬁgﬁgble d%%%@%%%%gﬁﬂ%%%{s%t (for
prodacipiBuert memsasieanissdbroBRBEdgedrk Tertiantat Storganediaortoa
suGh.as. L@Ae or more programmable chips, or one or more
application specific integrated circuits (ASICs). Such permanent storage

can be loCRRABESHTBISEEPPEED 1 RBEREES%! 55 ECRIEE RSN groduct that

bridge/ ﬁl@?@c%ﬁﬂ“@rﬁ!ﬁ%ﬁ&ﬁi%@%@1&6@5@@&&1Q&H%iﬁpd@yif&aalﬁblmrage
methods encoded in the ¢ mputer(lPro ram product can also

e, .

13 gisthpiian dieehnriig! Ha mahpts éF%Pl&?ﬁ?&Mﬂ%8%%&?3%%&%%%’%‘8?“"1 n

a comtehrdatagigesl dincomhithdahe sefivaFanthedulisaeof thbestdbet)s of the

either digitally or on a carrieli wave. 49 What is claimed: éL A methodg' I ot
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of ohjectartedirnenypoiing myshnalityentbjeotsda acoorpesponstisng imagmnputer

in a_5 plurality.of images, wherein each of.the ghjects | f
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20compeibinig di2j cedstersting udr mathdespectivenijeebnstoré roljed-$&M,
n t%lf @Qé%e?{c disk storage product, or any other computer readable data or program

storage product. Such methods can also be embedded in permanent storage, such as
ROM, one or more programmable chips, or one or more application specific integrated
circuits (ASICs). Such permanent storage can be jocalized in a server, 802.11 access

25 point, 802.11 wireless bridge/station, mobile electronic device, or other electronic
devices. Such methods encoded in the computer program product can also be
distributed electronically, via the Internet or otherwise, by transmission of a computer
data signal (in which the software modules are embedded) either digitally or on a

catrier wave.
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object sets, a corresponding object group that contains the respective
object in the first object set, thereby constructing a plurality of object
groups; 10 (B) computing, for each respective untreated object in a target
object set in the plurality of object sets, a similarity metric between a
target object group in the plurality of object groups and the respective
objectisthkieleyd:computing a plurality of similarity metrics, wherein the
object in the target object set that has the best similarity score to the 15

target object group is added to the target object group and marked as
trba&azvm@hfméh@@@wba&@dmpéw@%@b@%%ﬁ BRIE: BB idn the

t ﬁ%ﬁ@?ﬁ%@é&g R-Argohelonn dhrerheldvaless e, oiberyisaiiagdingSin a
mlssmgo ect to the target object group when the ord 6\%\? q)réewences
@%@eﬁéﬁl&lﬂq@?&ﬁ@%@s%@&r%ﬁ%ﬂ@ F BB e GG s

2&&%&%5%%@@%@%&6&%%mﬂtﬁgds&eﬂlﬁaélﬁgr each remalnlng ObjeCt

-set in the plura ect ts thereby populati
group; a Fg% é tﬁaec eﬁﬁlﬁg grﬁée’%l{ﬁ} For ¢ eac rg“r;ﬁt% inin mahty of

| feﬂ:@ﬁ@tm @bcﬁﬂbgmwmgrmlﬁmmmamwf wiyetts t@mpscmmquh@n the first
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% ec%tlvcg 81 eerg}fh roup is design: @%ﬂQ o% E%get object group,

rein object are in the'same objec gr re deemed to

correspdfd qmeamhg;tﬁepaﬂher@nmﬁ@mﬁ@wé@m?f thé eIt 68dethe
%1 fRirdie] 8 Jnetnodsof 9&%%&%‘8&%&%&%&%}%@%@%9& plurality

ects Of an object set in the plurallg of object sets is characterized b)f
firef ehinel Sy and K FAPRe A VS BISEh BCHIET RSN R fe Y fpsimilanity
meihadsofelaim 2, wherein the first dimension value X is for carbon (C)
and the’second dmensm&galue Y] s for h%/ﬂ‘rf%% H)ti g ere nctr to the
coordinate diffSfeA¥ee Beliidarthe é?ﬁ%&? Chj&et's i BPRAT RS
th@n@@ﬁij gt gfﬂypigaﬂaeﬂad@hmmg&‘gatjemg@brgrm@mmﬁﬁ&estaﬁgeﬁo&henn:he
n ste %B |s b ow thr values,when 5 1C2- C 1% QS'
h ]
Qﬁﬁjfl @v ere ws‘% 8L e(%tn%?or?}? Adic %@[Oorl?gg thie o jae?ct in the
tathetbbijéctset; ﬂndicbth&vheebest similarity score to the target object
group; adding a missing object to the target object group when the coordinate
g g
differences between the object and the target object group are not below threshold
values; ‘
(C) repeating the computing step (B) for each remaining object set in the
plurality of object sets thereby populating the target object group; and
(D) repeating the computing step (B) for each remaining respective object group
in the plurality of objects groups, where the respective object group is designated as the
target object group, wherein objects that are in the same object group are deemed to

correspond to each other, thereby aligning objects in the plurality of object sets.

2. The method of claim 1, wherein each object in the plurality of objects of an object
set in the plurality of object sets is characterized by a first dimension value X and a

second dimension value Y.

3. The method of claim 2, wherein the first dimension value X is for carbon (C) and

the second dimension value Y is for hydrogen (H), and wherein the coordinate

differences between the object in the target object set that has the best similarity score
=0



second dimension indicator for the object in the target object set that has
the best similarity score to the target object group; Hl is the second
dimension indicator for the target object group; Bc is the first dimension
threshold limit; and 15 BH is the second dimension threshold limit. 4. The
methodrpétanycone afrchaiinsel ttogd) vijeceinoaadh stepdd)is tebpltnatibpof
ima l%gsw'seg two-dimensional image. 20 5. The method of any one of
claims 110 4, wherein each image in the plurality of images is an
N-dimensional image, wherein N is equal to 1 or greater. 6. The method of
claim 5, wherein a coordinate difference between the object in the target
object set that has the best similarity score to the target object group and
5 the 25 target object group in step (B)H<betoRthamshold values when.

C2-C, | <B" IC2'-C;I<B2 CN -CJJi | < BN, 30 where 51 CI' is the ith
dimension indicator for the objectéiﬁthé%rjg%tB@bject set that has the best

- similarity score to the target object group; C," is the ilh dimension indicator
for the target ohject group; and B; is the ia' dimension threshold limit. 5 7.

The method of-aiy Badiet disnsienédiciveriin Baaiiragetn tget oblect set
Pikelity okiniagaminagtuwa dimensianat ivrgegBuphe method of any one
of claims 1 to 7,,wherejn an image in the plurality of images is a 10

10 two-dimensiorfal ‘ﬂ%@éﬁm%ﬁi&? %E%ﬁé%@ég&ﬁ% THrr8rR the
objects in the ihaghasepepkisnimihe tndidimensitiealbidel3Chatniganbiect
magneti%lre or%antce spectrum. 9f01j£ee tmegtg% .gftanx one of claims 1 to 8,
wit F%?ﬁ A a&é i grb ?gﬁﬁ/ of |maagI €84 o~ dimensional nuclear
magnetic resofBnsé:ENMRIsheetsing, mdhmerdimtnsope] KR gBup;
spectrum, or agour-di ' A e objects in the
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image are peaks In the two-dimensional, three-dimensional, or
15 four-dimensionZt NIVIR speedrdimenvor Heashatkdénst any one of claims | to

9, wherein an image in the plurality of images is a 2D nuclear

4. The method of any one of claims 1 to 3, wherein each image in the plurality of images is a
two-dimensional image.

200 5. The method of any one of claims 1 to 4, wherein each image in the phurality of images is
an N-dimensional image, wherein N is equal to 1 or greater.

6. The method of claim 5, wherein a coordinate difference between the object in the
target object set that has the best similarity score to the target object group and the
25 target object group in step (B) is below threshold values when

[Cf_C”(BH
1sz_cl"i<32
icir_c;vi<BN

30  where
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Overhauser enhancement and exchange (NOESY) spectrum, a
two-dimensional J 20 resolved (2D-J) spectrum, a homonuclear 2D

correlated (COSY) spectrum, a 2D spin- echo correlated (SECSY)

spectrum, a relayed coherence-transfer (RELAYED-COSY) spectrum,
a'H-15N COSY spectrum, a'H-31P COSY spectrum, a 113Cd-'H COSY
spectrum, a roﬁti‘rngﬂﬁ&at‘hdikﬁ@ﬁe(ﬂ(ﬁ&ﬁa@rsﬁ@cﬂmmbﬁctotalth@mae@tiobject set
(TOC%%L spectrum, a heteronuclear single quantum correlation (HSQC)

spethitteP s HEHrR I PHRISIE G GaRt B BBRerence (HMQC)

spectrum, a h%erfg%k@aﬁmﬁé&ﬁnm@%p@f%@%&m&%%las,cmam, a
two-dimensional heteronuclear correlation (HETCOR) spectrum, a double
quantum filteré isoheeiAtione(BIQFEESpadttumit. or a two-dimensional
INADAQUATE spectrum. 30 11. The method. of any one of claims 1 to 10,
wherein an image in the plurality of images is a two- dimensional ' )
hétdfonuetbat nfagnetie sésbinandashestremimratbbjeesinthe rmdigeoaEages 1s a
peagslimsheonubidisaensional heteronuclear magnetic resonance

spectrum. 52 12. The method of any one of claims 1 to 11, wherein an

image in the plurality of images is a two-dimensional homonuclear

MAGACHG RSP Q?Eﬂ%\f SRegtrRRNdPRieRls 9Ihe MALS PG PAAKHINMIBages is 2
two-dimens|onal homaonuclear magnetic resonance spectrum. 5 13. The -

RGP AR I of I T3 A ET BT S P RBP R AR
ofimbjectrsetaksdmbrises-Ghnohjants. 14 Theumethodapbdnyeanerot stairmsm.

Ito 13, wherein an object set in the plurality of object sets comprises 200

objects. 10 15. The method of any one of claims 1 to 14, wherein the )
plardlityoétmagésmompriselshns BO huslsarimaadment iredsmiiality ghifrages is a two-

ang yherein &%i@ﬁ?ﬁ%@@éré&ggm&wgzgg&%?gws@m&mﬁ@m

having the best simi grffy score to the target object group P={p ..., pis
COMASINED, At edRAE TocHORIHAMIR: PeeBusTarg o obietais e FBpgr 4 peaks
{(G eeiidotd e nkiDiar jmtde iR fal, istha.coardinaie LN o0 herd3C
dimension; Cj is the coordinate of pj in the 13C dimension; Hi is the
coordinate of p, in the 'H dimension;

10. The method of any one of claims 1 to 9, wherein an image in the piuralits} of {mages is a 2D nuclea

Overhauser enhancement md exchange (NOESY) spectrum, a two-dimensional J-
resolved (2D-]) specirum, a homonuclear 2D correlated (COSY) spectrum, a 2D spin-
echo correlated (SECSY) spectrum, a relayed coherence-transfer (RELAYED-COSY)
spectrum, a 1N COoSsY spectrum, a 'H-2P COSY spectrum, a HBed'H Ccosy
spectrurn, a rotating-frame NOE (ROESY) spectrum, 2 total correlation (TOCSY)
spectrum, a heteronuclear single quantum correlation (HSQC) spectrum, a
heteronuclear multiple-quantum coherence (HMQC) spectrum, a heteronuclear multiple
boﬁd correlation (HMBC) spectrum, a two-dimensional heteronuclear correlation
(HETCOR) spectrum, a double quantum filtered correlation (DQFC) spectrum, or a
two-dimensional INADAQUATE spectrum.

11. The method of any one of claims 1 to 10, wherein an image in the phurality of images is a two-
dimensional heteronuclear magnetic resonance spectrum and objects in the image are

peaks in the two-dimensional heteronuciear magnetic resonance spectrum.
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~ wherein step&(iy, 1) cidiang ¢

20 Hj is the coordinate of Pj in the 'H dimension; and 7 is a normalizing
constant. 16. The method of any one of claims Ito 15, wherein the

similarity metric between the object and the target object group has the
best similarity score when a similarity metric between the 25 object and

target gbject group is, greater than the similarity metric between any, o.cis a
L R T O 00 G AHTbe ol E T ST e B e 0 e
riethachebanhenenat claimsshde: Iosavhateipibecsinilanitysretrchbetvgen
the object and the target ahject group has the best similarity score when

S G T RGBS G AR e T DB S St s less

than the similarity metric between any other object in the target object set

e aigelalieatarpuRnd) 5 16 etiad ofanans ALGRIIBGr orjes s

e method further comprising optimizing the assignment 6f objects in
cirepplissaifyobfabject groups. 5 19. The method of claim 18, wherein the
optimizing step comprises: (i) selecting a subcombination of object groups -
in the plurality of object groups; (ii) selecting the subcombinatio_r‘}%% ot sets
1dbetstan e rapRIE ctimmnd B e B BeRRees iRARSPE GRS
ggxﬁggsgylg@@ ip@tion of object groups; (iif) computing a similarity score
for each possible object - object group 10 combination of the selected
subcombination of objects and the selected subcombination of object

PEOTRSH AN (Menssigningsthe seleatedis ukgaimbintation gt ofjpete IH-thenuclear
object.set to object %Olél_%? iq}thﬁe selectqd ubce ngbci(r)iatig{: é)f osl%%%z%
BEBEBE S THE Dbjec e-ro%j%gf%ur&&%'c%m T R AR eved
Haenbestisintijasty skovininistépdisjmitar) . sdhre méethootget olaaet $Oup
wherein steps (ii), (iii) and (iv) are repeated for each object set in the
Blar éiity- oF objeepBEtsOacCPHETR ERBY BFaMAN 19, wherein steps (i), (ii),
(iii), and (iv) are repeated for a 20 different subcombination of object
groups in the g(Rlity) of objédtsarpuPs ) 22= FDE fiethal Bk 2H )}’
wherein steps (i), (iii), and<{iv) are repeated fot each object set in the
pIuraIi%QJriject sets with the given different subcombination of object
groups In the plurality of object grgu’ps. 2§323.‘The method of claim 19,
Paib fepestimsavion|
C, is the coordinate of p, inthe BC dimension;
H, is the coordinate of p, in the 'H dimension;

Hjyis the coordinate of p, in the 'H dimension; and

A 1s & normalizing constant.

16. The method of any one of claims 1 to 15, wherein the similarity metric between the object and the
target object group has the best similarity score when a similarity metric between the
object and the target object group is greater than the similarity metric between any
other object in the target object set and fhe target object group.

17. The method of any one of claims 1 to 16, wherein the similarity metric between the object and the
target object group has the best similarity score when a similarity metric between the
obiect and the target object set is less than the similarity metric between any other

object in the target object set and the target object group.

A
(4d
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times, and wherein each repetition of steps (i), (ii), (iii), and (iv) is for a
different subcombination of object groups in the plurality of object groups.
30 24. The method of claim 23, wherein, for each different subcombination
of object groups in the plurality of object groups, steps (ii), (iii) and (iv) are
repeated for each object set in the plurality of objects sets. 25. The
method of claim 19, the method further comprising: 54 (v) repeating steps

(in), (i) and (jv).for each object set in the plurality of object .sets..(vi} . . sssignmen
I R e SRlEs e e R Bl oataet s Bl e st

reflatiicetddnahegilieaay thfebbjectivepfunction before step (v); and 5
repeating steps (i), (ii), (i), and (iv) for a different subeombination of

object groups in the plurality of object groups when the objective function
H&s Tirproved! eindaisriinetiecg thbopiinirigstep ¢ERpWERSh the objective
function:haget improved:10:26 of be; methad of caimganwyheRindNgoups;

objective function, denoted F (alignment proposal), is:, . )
F(alignfHe AEisingshn shrepeaedreniiohizets Arsiseebrospdiibgpturality of
Ri_uj_aﬂbgegs_ @w@%%@@k 2@; %ﬁé&d&ﬁ%@%ﬁ%&[@@ @Kﬁc—cﬁg&&ﬁﬁ@g t|cl>j) alll pall_i rs f
<i, > in ohject group .. The methqd of claim 26, wherein the plurality o
hages GOl PUBLPA B SRR T TP ACE SPBECA AP e

vebertsiimRehsimbp; spierdlistiSintiyfion (T o Bt R-eA(Hhd it )@Kaitebeimi@idton

th?o%oggpingtespf oqtt))ject p, in object group kin the 13C dimension; Cjis
tRe Coordmate of ject pj in object group kin the 13C dimension; Hiis the
coordinéite tfashpntepihinselsided grbegriiinthdoredivhisationthe-pisegiect to
coqedinale, of ARIRCLRIIAPOIRS HEAHR KA 86 &t SIMERSIAR: 2R AR Shjis: -
a normalizing constant.

object group combination that achieved the best similarity score in step (iit).

20. The method of claim 19, wherein steps (if), (iii) and (iv) are repeated for each

object set in the plurality of object sets.

21. The method of claim 19, wherein steps (i), (ii), (ilf), and (iv) are repeated for a

different subcombination of object groups in the plurality of object groups.

22, The method of claim 21, wherein steps (ii), (iii}, and (iv) are repeated for each
object set in the plurality of object sets with the given different subcombination of

object groups in the plurality of object groups.

23, The method of claim 19, wherein steps (1), (i), (iii), and (iv) are repeated several
times, and wherein each repetition of steps (1), (i), (iii), and (iv) is for a different

subcombination of object groups in the plurality of object groups.

24. The method of claim 23, wherein, for each different subcombination of object
groups in the plurality of object groups, steps (ii), (iii) and (iv) are repeated for each

object set in the plurality of objects sets.

25. The method of claim 19, the method further comprising:

54
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28. The method of claim 26, wherein the plurality of images comprises a
two- dimensional spectrum and wherein 30 situ(p"pj)=-{dist(p;
PDI=-{(X,-X1)2+ 2(Y-Y)2},Wherein 55 X; is the coordinate of object p, in
object group kin the X dimension; X is the coordinate of object pj in object
group kin the X dimension; Y; is the coordinate of object p in object group

K in the (¥)dupensigeiepé (H)iHeicaat dgnpferebdbgeq tatabjetphnaliy klpbject
the Y dimension; 5 and ?. is a normalizing constant. 29. The method of
ciaim 26, wherein the plurality of images comprises a two- dimensional
spectrukviadetevhangig wbetifer X valdg frordnobic¥this fargtdrmthaniaproygderiative

b mps ist: 2 Gt ' ierein -{dist(p,, )}2
:%?%Qg%@%lg%# 5&,@%{;%%{95% ﬁgﬁt%gleg%og%?é%gj% gyfﬁr%{:]t é Ii?l ((I)Objgit group kin

the X dimensigepeXipstiieredbrdindidorobjért prriaidithjeet groapkiatigyect
XSmensian: i B a0 ia choiRch D LISk LR adhe Y
dfr%ﬁg?slgﬁ;%ilis the’pcoor matetqof o%j%c pin objecr%lgro%p k inbtkﬁ)e Y
difMErSieh; 2%hd 2, is a normalizing constant. 20 30. The method of claim

26, wherein the-piuERlRY,QhIDBUAESOBRATES, a/heR 1AIRNEASIONAInction has not
spectrum and wherein co, if (X; - Y9 ; orj X, - Y9 ~ is larger than an upper
bSTRE AN sim(p” p~) = dist 2 + correlation | - 1)2 otherwise, wherein
{dist(P;,pj)}2 =-{(X,-X )2+)(Y,-17)2}; 25 X is the coordinate of object p, in
ohject.group.kin the X dimension; X is the coordinate of, object.p.i.in

oot DO te R e iam Bl e e b A B
olgmpoerdLis:kin the Y dimension; 56 Y is the coordinate of object j3 in

object group kyn the, ¥ Jimension - 2./ (object group, )

k=1, 2l object groupsin the plurality of object groups

where

J(object group, ) = ZS im(p;, P;)

all pairs </, f>in object group k

27. The method of claim 26, wherein the plurality of images comprises a 'H-C
nuclear mdgnetic resonance spectrum and wherein
sim(B,, B,) =—{dist(p,, b)Y =={(C, - C,)* + A(H, ~ H,)’}, wherein
C; is the coordinate of object p, in object group k in the BC dimension;
C; s the coordinate of object p, in object group k in thé BC dimension;
H, is the coordinate of object B, in object group k in the 'H dimension;

Hj is the coordinate of object p, in object group kin the 'H dimension;

and

A 1s a normalizing constant.

28, The method of claim 26, wherein the plurality of images compriseé a two-

dimensional spectrum and wherein

sim(B,. B,) = —{dist(P, B} = ~{(X, = X, + A(Y, ~ ¥,)*} , wherein

55
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k is a normalizing constant; correlation is the correlation between a
defined neighborhood of object p and object pJ ; 5y is a weight for the
correlation term correlationy; I; is a log intensity of object i5;; h is a log
intensity of object P,t'; and it is a weight for (I, - 11)Z . 10 31. The method
of claim 18, wherein the optimization of the assignment of objects in the
plurality of obj&ds ¢ieupsrisrpertdivheduging altjecegyigelaichhalgotitens on;
dynamic search, or a combinatioh of a greedy search and a dynamic
search. 32. THelFiBarRP Sy GrodistCIaint ier 3T oWhk iBilh & dbfsasinm
an object set ip the plurality of ohject 15_sets corresponds.to.a metabolite..
3. The methch BrARGFOHE B BARRERD B WG RE By o e
images are repligaie speeirataken,;under afiksiexperimeniaheangitionion;
the method further comprising using the plurality of object groups to
cafdbine the plurality of images into a single first average spectrum. 20
34. The meth(ict1 So;; gloa;:rrp 1%% Wgc)er%ii%steps (.A) through (C) are repeated
for a different "sééona p?uraﬁ oﬁma'ges, wherein the different second.
plurality of images are replicate spectra taken under a second

g;@g&%&%ﬁ&ﬁl&o&d&m {he methadiushes: ospRrsiag Lsina the,Riality

object groups to combine the different second 25 plurality of images
infimsnsieghd seebrE 408 MBRTEpectrum. 3 5. The method of claim 34,

wherein steps (A) t%gg@@fq% @r%-r?&?%éq&?iél@ge%aﬁi&t VeFa9end, and

spectrumg;arel, thg second average’ spectrumi. 30 36. The method of any

one of claims 1 fo 35-tilistBiFbdi fuptherdsmprising outputting the
plurality of object groups to a user interface device, a computer readable
st¥r&de"medium, a 57 memory, or a local or remote computer system; or

displaying the qug@slj%gfﬁ%j?engmiupxﬁlhﬁl@ nngl;hpﬂd of any one of
claims 1 to 36, the method further comprising aligning the plurality of 5

images based dpsntehjectdassigoiobats \pithinothecpiueality of theXptlmeditgron;
of object groups. 38. The method of claim 37, the method further -
comprising outSLtifg AAeTSIRIRS BPIIgRe M RRIBR SE'R ks ih i difpgnsion;

device, a‘Compﬂt?sr {geag&gﬁn%%gr&%%j@c%mq% &)je:ct group k in the Y dimension;

Y; is the coordinate of object p, in object group k in the Y dimension;
and

A is a normalizing constant.

30. The method of claim 26, wherein the plurality of images comprises a two-
dimensional spectrum and wherein
L —o0,if | X, =¥, lor{X, — Y, |is larger than an upper bound, and
<im(P, Py) = {— {dist(p,, B,)Y + v correlation, —n (I, - 1)’ otherwise,
wherein
—{dist(B, B,)Y = (X, ~ X )* + AF =T}
X, is the coordinate of object jp, in object group k in the X dimension;

Xj is the coordinate of object B, in object group k in the X dimension;

¥; is the coordinate of object 7, in object group k in the Y dimension;

56
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10 memory, or a local or remote computer system; or displaying the
plurality of aligned images. 39. An apparatus for aligning objects in a
plurality of object sets, each object set in the plurality of objects sets
comprising the objects in a corresponding image in a plurality 15 of
images, the apparatus comprising: a central processing unit; and a
memory, couledite e danralfpiessdinduiicdEme drecniinenygm
instructions for accessing said plurality of object sets; an image
comparison M&RMSHEHREFEEH Aparison module comprising 20
instructions fep-(AYsendy datingrébrtieachnrespectivinobjestibatfirst objeprt
set in the, plurality of object sets, a corresponding object group that
Britahef¥ lspective object in the first object set, thereby constructing

a plurality of obiect,grouRs; (R) CoreRUIRAG.for SachFespective untreated
object in a target object set 25 in the plurality of object sets, a similarity
metric betwednisetlgEteBiEcegRBFTinRhe plurality of object groups and
the respective, gbject, therehy c uting a plurality of similarity metrics,
wherein the o{éjlé"celﬁ}'gt%e as%/e %r%]%cc{tg%‘t‘tﬁ?g has the best similarity score
to the target ghjec | ded,to the target object group and marked
as treated Wharﬁjst g@%ﬂ?gg’r i’na?g)d'ifferences between the object and the
target object group are below threshold values; and, otherwise, adding a
e o ST RISt Beupiiendns SeonAln. Ao Bnees:n

arge f.group are not befow thresho

- valeiekirBRy G) shjpeatingrthis perfipmidg:stepa(Bpidy exethdavitimgaohijesnic

15

" 20

23

30

seLinghe. plualibehoBiect Aty ke vRopulAtAG. Wiaiayget object
group; an f repeating the computing step (B) for each remaining
respective object group in the plurality of objects groups, where the

respeciive RIS TR IS HesIgNates a8:ihe 18/QehoRieGEE QLR the plurality of object

wherein objects that are in the same object group are deemed to
cortRepBREIBiesRR B MiRreby aligning objects in the plurality of
object sets. 40. The apparatus of claim 39, wherein the comparison
module further comprises

33. The method of any one of claims 1 to 32, wherein the plurality of images are replicate spectra taken.

under a first experimental condition, the method further comprising using the plurality

of object groups to combine the plurality of images into a single first average spectrum.

34. The method of claim 33, wherein steps (A) through (C) are repeated for a different
second plurality of images, wherein the different second plurality of images are
replicate spectra taken under a second experimental condition, the method further
comprising using the plurality of object groups to combine the different second

plurality of images into a single second average specirum.

35, The method of claim 34, wherein steps (A) through (C) are repeated to align the

first average spectrum and the second average spectrum.

36. The method of any one of claims 1 to 35, the method further comprising outputting the plurality of

object groups 1o a user interface device, a computer readable storage medium, a
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10 instructions for: (E) outputting the plurality of object groups to a user
interface device, a computer readable storage medium, a memory, or a
local or remote computer system; or displaying the plurality of object
groups. 15 41. An apparatus for aligning objects in a plurality of object
sets, each object set in the plurality of objects sets comprising the objects
inreore spansinipimagesnamplucakfstahirades fegapppratisy of object
comprising: a central processing unit; and a memory, coupled to the
c%rnq(rgf'processing unit, the memory comprising: 20 (A) means for
accessing said plurality of object sets; (B) means for constructing, for each

r%%%ﬁé%%t??d%%ﬁ? &é'(&%z‘&ﬂ??%@%, mélﬂﬁtm)ldrﬁpﬁ%roctomtlgsﬁtgmﬁg the plurality of

corresponding object group that contains the respective object in the first
objeaesdastiterpty Cors BrRENBeAP I be shjediy bty ieyliednsitst
campyting, for each respective untreated object in a target 25 object set
in"the plurality of object sets, a similarity metric between a target object
group in the plurality of object groups and the respective object, thereby

camputingnamplusality f sinilattymetricsaberginsthe abjectin thelargét of
object set that has the best simi arlté/ score to %he t r%?t _ngct %(ag‘gnisa

adUERD TR G & BB SREHAST S AT niRBH A fR8afed Wherrthe 30™
cansdinateod fexahoeshetwaenpilier bt anddig dpirgethe bject gyoi played
bt?qugvethreshold values; and, otherwise, adding a missing object to the
targeg osbject group when the coordinate differences between the object

and the target object group are not below threshold values; 59 (D) means

for sepeal] SRS RCATBIIAG () e PRt ENARING RBISEL $8in th
in%ﬁeﬁﬁ% |tyQ(§l{?bject sggg’%%%y g(')%%)lratir?gthe I[arge,t objgct éﬁ;oup; mee

arduElimehpbiteis repcatmryitite (e RISt BohTHTMPRE Foe4EnD a plurality
reg}q;ﬁic{égsar HveeRigsheurep in the plurality of objects groups, where
the respective object 5 group is designated as the target object group,

wherein SEEE PIRCEEHYNE 8fhe object group are deemed to
correspoadrareagcathled, théxetsnalipping siipeatsiintith engrhorgl itynafrising:
e o 10 St hS-APRARUR SRR - RIPR e oy further

an image comparison modile, the image comparison module comprising
instructions for:

(A} constructing, for each respective object in a first object set in the
plurality of object sets, a corresponding ‘object group that contains the respective object
in the first object set, thereby constructing a plurality of object groups;

(B) computing, for each respective untreated object in a farget object set
in the plurality of object sets, a similarity metric between a target obiect group in the
plurality of object groups and the respective object, thereby computing a plurality of
similarity metrics, wherein

the object in the target object set that has the best similarity score to the
target object group is added to the target object group and marked as treated whern the
coordinate differences between the object and the target object group are below
threshold values; and, otherwise,

adding 2 missing object to the target object group when the coordinate
differences between the object and the target object group are not below threshold

values,
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(F) means for outputting the plurality of object groups to a user interface
device, a computer readable storage medium, a memory, or a local or
remote computer system; or displaying the plurality of object groups. 15
43. An apparatus for aligning objects in a. plurality of object sets stored on
a computer readable storage media, the storage media comprising: (A) a
first plurality qibiraessital desctonpctessiag (EHidop kadliiyrelobjedijsetsst in the
a.secand.plurality, of binar lues, for constructing, for each respective
g%?j‘ée(“:i %Og %%%oﬁ?ésc{hgreetg%pﬁélyghn ﬁkﬁ/eé?rggfgéf%%ébgpéglrl?esponding
object group 2D theteetingains theprdsigestivébjectdchtteenfitshp bjeptotiet,
ther nstrycti plurali f ohi I Sth@é %{g@é &Igy :
B Tl S s

spectlve untreate jeCt na :
tdeganabiert Settmatiopkstalipprpi Uijecngstscis Sifrit) Wetkee bbireerpup
a,fargel oRiecl aroyRin {anpﬁtga!é&mfapéﬂf%ﬁg St theresinegtiver

object, 25 thereby computing a plurality of similarity metrics, wherein the
fifhe target object set that has the best similarity score to the
target object group is added to the target object group and marked as

treated when the cfo rdin%e iffereﬂfﬁes between the object and the .
tAfy et BHBREGFBY AL & A B oW FVRREL Brid? b S35t g
aimeissingneliject to the target object group when the coordinate

differences between the object and.the tatget object group are.not b .
threshold valdes o0 1) S R Tty B e e g atte, o
thercpmyyutindp ) sforagactediemaiminmnohject sétdnl thagplaratiopofisbjysten;

' ject ; and (D) a fifth plurality of
s%;%gg%g&wﬁgg%ﬁg&%&@gg group; an a fifth plurality o

b ing the computing (C) for each 5 remaining
respective object group in the plurality of objects groups, where the

respectiveabied grotisdesignatad a3iRedrrgebRbickosHL MMIEEIfn the
objects that are in the same object group are deemed tQ correspond to .
cHERHAH HhEEDyRiEHTRg 08 EGs :‘F&ﬁ%lﬁlﬁféﬂﬁsiif’%]‘@df%&%nlﬁpi%?hw
Theimapayatus:ehelaim deappbigeein the storage media further comprises:

(F) a sixth plur Iit}/ of binary.values for outputting the plurality of object
groups IS ETEEPIRTERAEHAIRE, a computer readable storage medium,

a memosypemariocakpled to the central processing unit, the memory comprising:

(A) means for accessing said phurality of object sets;

(B) means for constructing, for each respective object in a first object set
in the plurality of object setg, a corresponding object group that contains the respective
object in the first object set, thereby constructing a plurality of object groups;

{C) means for computing, for each respective untreated object in a target
object set in the plurality of object sets, a similarity metric between a target object
group in the plurality of object groups and the respective object, thereby computing a
plurality of similarity mefrics, wherein

the object in the target object set that has the best similarity score to the
target object group is added to the target object group and marked as treated when the
coordinate differences between the object and the target object group are below
threshold values; and, otherwise,

adding a missing object to the target object group when the coordinate
differences between the object and the target object group are not below threshold
values;

59
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remote computer system; or displaying the plurality of object groups. 15

45. A method for aligning objects in a plurality of object sets, each object
set in the plurality of objects sets comprising the objects in a

corresponding image in a plurality of images, the method comprising: (A)
constructing, for each respective object in a first object set in the plurality
of object setdIh awresiortnrRIbbjee rareRm th AP EHNIEE S ThE T aaHbEIANIng
ohiget intheirstus@ioRiechiest stharebyoansiustinar plruality; e ekjgstand
groups; (B) computing, for each respective object in an O% ct setin the .
plurality of objECTSErs ISRRTRIMG e ebetivearayine %sé)é@ﬁf‘/g%@]aéﬁ?g
&%@p@&)i?@iﬂﬁ&@lﬂgr?ﬂp Q:com@plgt@m o7 thgeplu gr?rﬂt}pgf\fmﬁdhg resRs ezt
computing a plurality of similarity metrics, wherein 25 the respective

BB 1S HHCATS B ArSC BB SPGTO G TP BIGPARG SF SBieat dhotioe™
wlgnthesinaitadsymedticcbetireand theadspketivibcobje el ignthpbjests in the
th«f uffigﬁﬁrooqjg teg{%gg is better than the similarity metric between the

& pective oéiect and objects in any other object group in the plurality of
object groups and (ii) coordinate differences between the respective

object and objects in the first object 30 group are below threshold values;
and otherwise, addirrléq to the plurality of object groups a new object group

tHe: Ebprampaeuneldaise dbvE sHEch e MEB IO HASE SRAETHE computing
step (B) for eagh igeaitdebischseldpihaliplupdityef @bigstisatsser interface
wherein objects that ar%in the same object grou%are de%%ed to

CORBEH GO RPBEFEATABIE TSRS EiiinG THIRRT i i ALPARET S SBRRYS!

setatdna6r Jibsianehod pheltitnofobihe metped further comprising
optimizing the assignment of objects in the plurality of object groups. 47.
The method of claim 46, wherein the optimizing step comprises: (i)
sdlgctimgpraviveofnbatixtione obebiett grdupsiin ¢hebitatatity sofrobject computer
ar : i in inatiqn: et gbjects from an object set
in%%g%largﬂ%ég §§%c%é%z‘%§$§%% %a%s%%}ﬁ%%gto the subcombination of
object gféupsiit phomisuahbizesivalaeryactecIonesad phssisfebpisst sets;
object grayp, Campinationehing.s8lestac subcombinationof abiectpRAde

the selected subcombination of object groups; and 15 (iv) reassigning the

SABIER AN BES SO SN EBED R H9R Bt sk PR esponding object group

that contains the respective object in the first object set, thereby constructing a plurality
of object groups; |
(B) a third plurality of binary values for computing, for each respective

untreated object in a target object set in the plurality of object sefs, a similarity metric
between a target object group in the piurality of object groups and the respective object,
thereby computing a plurality of similarity metrics, wherein

the object in the target object set that has the best similarity score to the
target object group is added to the target object group and marked as treated when the
coordinate differences between the object and the target object group are below
threshold values; and, otherwise,

adding a missing object to the target object group when the coordinate
differences between the object and the target object group are not below threshold

values;
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object groups in the selected subcombination of object groups based upon
the object - object group combination that achieved the best similarity
score in step (iii). 48, The method of claim 47, wherein steps (ii), (iii) and
(iv) are repeated for each 20 object set in the plurality of object sets. 49.
The method of claim 47, wherein steps (i), (ii), (iii), and (iv) are repeated

for a differefiustinporabinafibinatolbjees grogrsanntdphaalintiot 6bjdet cach

I QURS Bt HBEMEINAL O Glai Dt RS talRSleRs U a (s BRg LY L B8

repeated for'each object set in the plurality of objéct Sets with the given
deFe¥entsbibcombination of object groups in the plurality of object groups.

51. Themeihe ?f&@i‘ﬁﬂ FhiNRERRIN SRS {Dedihe (H) (MA@IE) for each
repeated several 30 times, and wherein each repetition ot steps (i), (ii),
(msffgﬁan@mg%vam&@mugaﬁé&%ﬂﬁa@ﬂaﬁ&i@ﬁ&@r@mp@%ﬁr °
phesalityief ahiectgeupdeSdhidihernethed of alaimdl wibeseiobjats that are

each different,subcombination of object groups in the plurality of object
TS RE U VARG (OFARS VoGEATRe B AEHE SOYEe e vt hare
phisgiity mftobpbotdisets.obibd. setse method of claim 47, the method further
comprising: (v) repeating steps (ii), (iii) and (iv) for each object set in the
plurality of object sets; (vi) determining whether a value for an objective
futibtidherasantpsovatiial 4fve baseinvhiugdoetisedidetiberfeprenorrbefore

step (vV); @ng JQ SREANNS SIRRS Nhafifds (1) LA 0L R IAHBIERE object groups
subcombination of object groups in the plurality of object groups when the

ol HYE FOEREMISHISSiR FRBURHCTS 0N AR TR DR MIRRR Sy fycal or
whgrthe phiset vestanctioaiinsyiot trpravedy 4obhed hedpethod of any

one of claims 45 to 53, the method further comprising outputting the
plurality of object groups to a user interface device, a computer readable

starage mgididifr alinemalicotsdrd agaliarliteroDie; earnpsitescysignt;ser in the
displaying the plwally of obiect, groups. 20,55, The methor ol 90 ok
C|gImS h. to § ) %e mefhocP urﬂ‘?ér con‘]prlsmg.

of images, the method comprising:

(A) constructing, for each respective object in a first object set in the plurality of
object sets, a corresponding object group that contains the respective object in the first
object set, theréby constructing a plurality of object groups; .

(B) computing, for each respective object in an object set in the plurality of
‘object sets, a similarity metric between (i) the respective object and (ii) objects in an
object group in the plurality of object groups thereby computing a plurality of similarity
metrics, wherein

~ the respective object is added to a first object group in the plurality of
object groups when the similarity metric batweeﬁ the respective object and objects in
the first object group is better than the similarity metric between the respective object
and objects in any other object group in the plurality of object groups and (ii)
coordinate differences between the respective object and objects in the first object
group are below threshold values; and otherwise,
adding to the plurality of object groups a new object group that

comprises the respective object; and
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(E) performing the method of: (i) adding a target object group to the
plurality of object groups for a target object in the plurality of objects sets
that is marked untreated, wherein the target 25 object is added to the
target object group and marked treated; and (ii) repeating steps (B) and
(C) for the target object group; and (F) repeating step (E) until no object
that is ri@rkeptatitgshtedramtaigsierd®) fobjeeh senhinihe plindiss: bfbbject

SEf&raﬁ%%@ object sets, wherein objects that are in the same object group are deemed to

correspond to each other, thereby alipning objects in the plurality of object sets.

46. The methed of claim 45, the method further comprising optimizing the assignment
of objects in the plurality of object groups.

47. The method of claim 46, wherein the optimizing step comprises:

(i) selecting a subcombination of object groups in the plurality of object groups;

(ii) selecting the subcombination of objects from an object set in the piurality of
objects sets that are assigned to the subcombination of object groups;

(iii) computing a similarity score for each possible object - object group
combination of the selected subcombination of objects and the selected subcombination
of object groups; and
| (iv) reassigning the selected subcombintation of objects in the object set to
object groups in the selected subcombination of object groups based upon the object -

object group combination that achieved the best similarity score in step (1ii).

48, The method of claim 47, wherein steps (ii), (iil) and (iv) are repeated for each
object set in the plurality of object sets. '

49, The method of claim 47, wherein steps (i), (ii), {iii), and (iv) are repeated for a

different subcombination of object groups in the plurality of object groups.

50. The method of claim 49, wherein steps (i1), (iii), and (iv) are repeated for each
object set in the plurality of object sets with the given different subcombination of

object groups in the plurality of object groups.
51. The method of claim 47, wherein steps (1), (1), (iif), and (iv) are repeated several

times, and wherein each repetition of steps (i), (il), (iii}, and (iv) is for a different

subcombination of object groups in the plurality of object groups.
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52. The method of claim 51, wherein, for each different subcombination of object
groups in the plurality of object groups, steps (if), (ili) and (iv) are repeated for each
object set in the plurality of objects sets.

53. The method of claim 47, the method further comprising:

(v) repeating steps (if), (iii) and (iv) for each object set in the plurality of object

osets;

(vi) determining whether a value for an objective function has improved relative
to a value for the objective function before step (v}, and
repeating steps (i), (il), (iil), and (iv) for a different subcofnbination of
obiect groups in the plurality of object groups when the objective function has

improved; and

terminating the optimizing step (E), when the objective function has not

improved.

54. The method of any one of claims 45 to 53, the method f\};:rther comprising outputting the plusality of

obiect groups to a user interface device, a computer readable storage medium, a
memory, or a local or remote computer system; ot displaying the plurality of object

groups.

55. The method of any one of claims 1 to 54, the method further comprising:
(E) performing the method of:

(i) adding étarget object group to the plurality of object groups ior a
target object in the plurality of objects sets that is marked untreated, wherein the target
object is added to the target object group and marked treated; and

(i) repeating steps (B) and (C) for the target object group; and

(F) repeating step (E) until no object that is marked untreated remains in any

object set in the plurality of object sets,
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