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Eucaryotic cells, in particular, are highly organized, with many structurally
and/or functionally related components organized into specific locations or
compartments such as organelles. For example, selected cellular components
associated with energy production in eucaryotic cells are organized into
mitochondria, while selected cellular components associated with cellular
control and inheritance are organized into the nucleus. Eucaryotic cells, more
generally, may include a number of different organelles or compartments,
organized for a number of different functions, including the nucleus,
mitochondria, chloroplasts, lysosomes, peroxisomes, vacuoles, Golgi
apparatus, rough and smooth endoplasmic reticulum, centrioles, plasma

membrane, nuclear envelope, endosomes, secretory vesicles, and so on.
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rough and snoot h endoplasmc reticulum centrioles,

pl asma nenbrane, nucl ear enw;lope endosones,
secretory vesicles, and so on. WO 2005/ 072205
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Eﬁgﬂe&s g%?%ﬁigqggqﬁlgepésg)gﬁgt% ﬁnqqﬁlg/_gpggﬁgna §tain in smaller

QSﬁPbHﬂ{éﬁté %flﬁ@g byﬁthbirfs@%él rePeﬂﬂ)nf’tWthB%ren'f@*yoﬂﬁb boundary of
sca fication, there is a need f
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?hhé,’ Bglzélysed%%ﬂ%nt&fbn ESQW}sagéﬁghive to image peculiarities and

artifacts, and further may not scale well with magnification, there is a need for

systems that do not require, or at least do not critically depend, on
segmentation.
Summary
The present teachings provide systems for determining and/or
analyzing the distribution and dynamics of cellular components.
Brief Description of the Drawings

Fig. 1 is a schematic view of a general framework for image analysis, in

accordance with the present teachings. Panel A shows cells with different
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of the Drawings Fig. 1 is a schematic view of a
general framework for inmage Pgal ysis, in accordance
Wi th the present teachings. nel A shows cells with
di fferent WD 2005/ 072205 PCT/ US2005/ 001656 4 reporter
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Eqteins graphs showi ng how nucl eoli change the two-

O oS A, Sl SRS UOREERIEIA RoBhMETor mage
andbysissafi avaytoplasot- tQ-nucleueﬂmnsmagoafaseay may be

Fig. 7 is a set of graphs showing individual (celi-by-cell) and global
slopes at different magnifications.

Fig. 8 is a set of graphs showing how nucleoli change the two-
dimensional stain distribution by creating a cluster of points, shown by the
dotted oval, that lead to underestimation of the slope. This effect may be
corrected by filling the holes in the signal image corresponding to the nucleoli.
AB — analysis of a single cell; C,D — global analysis of many cells. A,C -
uncorrected data; B,D — corrected (filled) data. Slopes: (A) 61, (B) 72, (C)
1.21, (D) 1.61.

Fig. 9 is a series of panels showing an exemplary method for filling
nucleoli, in accordance with aspects of the present teachings.

Fig. 10 is a set of histograms of slope distributions in a dose-dependent

set of images of cytoplasm to nucleus translocation of NFkB in MCF7 cells.
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- uncorrected data; B,D - corrected (filled) data.
Slopes: (A) 61, (B) 72, (O &21 (D 1.61. Fig. 9is
a series of panels shovm ng an” exenpl ary method for
filling 3o nucleoli, in accordance with aspects of
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showi ng average cell slope (vertical axis) versus
SR cvedioal r akispnversoisi ZONEal cercentration f derigoatl 72xis). V-

Fig. 1o-is a graph of V-factors for nuclear

ng%n]OSZ%ti on neasure (vertical axis) as a function
of | NtFRg.Pobalsed gRaph fafc ytiaetoré her i menéa tmne&icaﬂbn Afeasure
different image sizes. Fig. 16 is a series

Ayetiodr axisk as b MinRjioneabi ﬁr@o[a;e@y*ﬂ@grmggﬁqon (honzontal axis) at

0 eft-negative, middle-internediate,
tdff?eﬁéhpo& e%/]%eés‘t ates. Fig. 17 is a set of graphs for

the | Gligit 18liist 4 i Seuiesoof Qﬁlcmgtreh;ﬂw showing ensrhbrameatvdcytoplasm
signal stain in a nodel s stem

mmﬁﬁom d-ea‘w@gwa@nm@d m&@f@%ﬁ@ﬁ gaht-pesitive states.
menbr hgcaliz a%éf_’ rl%fmg‘?%ﬁf%“ for CHHePRbiA® ”i‘jlsglbutlon of nuclear

IocaI| t| on. Lef mensi onal “di stribution

sbantesstain ghd sigmal ctaineis ahn@d@rs)tstmnrfodemembsane-to cytoplasm
translocation. Top — membrane localization, bottom — cytoplasm localization.
Left — two-dimensional distribution of stains, right — profiles through the model
cell.

Fig. 18 is a set of graphs for the joint distribution of signal stain and
counter stain in a real cell. Top — membrane localization, bottom — cytoplasm
localization. Left — two-dimensional distribution of stains, right — profiles
through the real cell.

Fig. 19 is a set of graphs for the joint distribution of signal stain and
membrane counterstain in a model system perturbed with random noise for
membrane-to-cytoplasm translocation. Top ~ membrane localization, bottom —~
cytoplasm localization. Left — two-dimensional distribution of stains, right —
profiles through the model cell.
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Fig. 18 is a set of graphs for the joint distribution
of signal stain and counter stain in a real cell. Top

wo 20080t22e:e | ocal i zati on, bottom - cytopl asm PS&I/US2005/001656

| ocal i zation. Left - two-dinensional distribution of
stains, right - profiles thrpough the real cell. Fig.
19 is a set of graphs for the joint distribution of
signal stain and nenbrane counterstain in a node
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- two-di mensional distribution of stains, right -
PPYHY®-es through the nodel cell. WD 2005/ 072205
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assay performance is B&lﬂﬁ&_m scription

Th . ) q L

anas b iEa BrebERC 1eRRinS Cprfiae ShEing Cfor efMifigd andior

ashlyaingy th@n'diSEH::jltti@n Bnes elynayricensf, cetilah ceypomentadelhese
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ese substances fu"%:ti on_as refergﬂfe or c§unter

h .
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fsference or counter stains, and one or more of these substances function as
signal stains. For example, in some embodiments, the reference or counter
stain(s) may be used as a marker for cellular features or compartments, and
the signal stain(s) may be used to study of the distribution of a substance
capabie of translocation with the cell. Such translocation may include
cytoplasm-to-nucleus  translocation, nucleus-to-cytoplasm translocation,
membrane-to-cytoplasm (or nucleus) translocation, cytoplasm (or nucleus)-to-
membrane transiocation, and so on.

Preparing samples, as used here, may include, among others, (1)
selecting, separating, enriching, growing, modifying, and/or synthesizing a
composition, a cellular component, a cell, a tissue, and/or any other assay

component, among others, (2) selecting, forming, and/or modifying sample



10

15

20

25

30

signal stains. For exanple, in sonme enbodi nents, the
reference or counter stain(s) may be used as a narker
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stain(s) may be used to study of the distribution of a
subst ance 25 capabl e of tran? ocation with the cell.
Such transl ocation may include cytoplasmto-nucleus
transl ocati on, nucleus-to-cytoplasmtransl ocation,
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I ng Sanples d sanple carriers,
andloo |(3)sdlspeles§ngzsanmq3a’etreatmem r&ndéor amalysis siies, for example,

FoAlorfpindd Fie . SArbes( MHG: IRIRE0H Bl e samples

bﬁvéqgr riers) for treatnent and/or analysis, anong
ot hers uch positioning may include, anong ot hers

(1) Treating sampless as (L@)eddiegpeﬁﬁyrﬂ@cg&epewsmg the samples to

0 B PRI S B Rl B 82 PYeenraion (o.0- an
o covemmaRion, SchIdsohyrogen Sof (pHhesaraIT, o naalor the ke,

visualization of the sanples, |0 respectivel
I/l | AgChangs etherggf. uygs%é}%‘d' P i %i%%s@ ngandidate

{TE)% uBAgP! £} é)&lm%l%m’a %%Hfjitlbh(’?f ugxﬂﬁa\évﬁsof‘ éﬁ?ﬁéﬂf@hara%tenzed

enper at'ure, néentrati on
eﬁwesmmasmarﬂud@te&mdwdpmmdomﬂatom—l) salt ion,
etc. dlor the |ike, g/%r a chan

TheseA86 #ind SRRIES: &?mﬁ'rsp Qrecaﬂlﬁyd p%luri]g oBservmg and/or
mé%hﬂﬁquu IREi RN HRIcFor &U'?‘?ﬁ'f&i\félyprh @Bnélﬂbﬁ%‘l‘ﬂh@rsample (e.g.,

partla aracteri zed such as a cand
sizanseassptidentitypduit.at and/oArelcpntiigns aapses, byaﬁlm§ample (e.g.,

R BroRT, e oA R0 20 Sl BE %A prapuct et
LSiRgSamp seitaBled methédi(é? (e @aséptlctall e(nhagm, efbsorptich) Hcaktering,
a condition caused by t g.
luminescence, photolummescence (e g fluorescence or phosphorescence),
chemiluminescence, etc.), magnetic resonance, and/or hydrodynamics,
among others). Such analyzing further may include detecting and/or
interpreting a presence, amount, and/or activity of the sample, or a modulator
thereof, including agonists and/or antagonists, and/or determining trends or
motifs from the analysis of multiple samples. Such analyzing further may
include determining and/or analyzing the joint distribution of two or more
stains or other indicators of location and/or activity in biological systems, for
example, for use in translocation assays, among others.

The systems provided by the present teachings further include but are

not limited to those described below in the Examples, and may be combined,
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20 depletion of an enzyne substrate, production of an
enzynme product, etc.), wusing any suitable nethod(s)

w@ e00g/07220pt i cal (i magi ng, absorption, scatteriPgl/US2005/001656

| um nescence, photol um nescence (e.g., fluorescence or
phosphorescence), cheniluni ngscence, etc.), magnetic
resonance, and/or hydrodynam cs, anong others). Such
anal yzing further may include detecting and/or 25

t r [ Vi .
'oﬁ lSﬁQh@l {vtH %pgbﬁaﬁgé‘ ZP%‘?HB? &lpg@pmqo la?&lmqggéﬁ(d % ansfection
mhods)s cm‘mbmtlm doehiding, m@ledﬂl@s delisy mssnimmg anente like),

ifs fromthe anal ysis of l e .sa Such
AR G, 1 O L SRITPRRGNS] HopTeae. ARSCTRBHT HS. MR, Barious patent

S35 1B e g o o
refebdradeogi cal systens, for 30 exanple, for use in

ansl|.ocation assays, anong others. The systens
' by the present teachings further include but

are Mok fbllcﬁﬂvh@de%a‘?nélag%%sg%é sbletbdPasmtts BnbEmbodiments of
Exanpl es, and rmay be conbi ned, WD 2005/ 072205
HGT/ ISEe06/t0aeEBes, Pasticularnl exemplarn dispitudions and  dynamics

Aep Aoy e P RocRE PR Er U BRLE &l are pt intenced to

linftsotagefinantéletdtiré skepe of Bnrdpsekt teaichitigse FuABEASSects of the
t hereof, described in the various patent gpl i cations

Pratasd iegsbiagsnam dassgheteinetha JeEOHAdPAIGDSr RAliaaleNs listed
5
g@gﬁ% Puhﬁgesgfc?%eﬁg&“r ncd= AR Sfico 8{ ° rrbﬁé(crerren?y reference,

ed aspects
pheicuiabe k.St Gaolisiogs] Rzent Apblmdtwneﬁenal &gy 60/537,454, filed

Jnntot.S0of and Lh &t Phvisins e atenbARPpalb STl -
kil tdaﬂhaﬂﬁﬁ'f‘e o0 ﬁﬂéﬂjrmﬁgﬁipﬁl\%ut’@% RSRSERN), and naming

t eachi ngs. urt er ‘aspects present teachi ngs
Al a&dinhirs Teimovdand ltyaeRawkin cas inenéors. dibpsectata prmnsmnal patent

RRPUH 0BG nELEPcraer Orgner AtLARgTong o AL FghgIerint and

' P@ilfé?ﬁllxﬁ?ﬁ?&tb%b'dﬁhc@ﬁfé éésd\*bedfi@éléﬁ7pé%uléﬂl3} ffExamples 1, 2,

January 15, 2004; and U. S. Provi si onal Pat ent
Apfl4d.cati on Serl al No. ., 15 filed January 17, 2005,
e P #

ARV mmgnuent appl i cations i ncI ude col or
draw ngs and addi tional text that conpl enent and i
Ig. 1 shows the general data framework for an exemplary embodiment

of the present teachings: a cytoplasm-to-nucleus (or nucleus-to-cytoplasm)
translocation assay. A field of view is digitally acquired (or acquired in analog,
and converted to digital) at different spectral regions and/or with different
optical modalities, so that there is, or can be made to be, pixel-to-pixel
correspondence among all images from the same field. The different spectral
regions can include different wavelength bands, such as blue and green,
among others. The different optical modalities can include different imaging
techniques, such as photoluminescence and transmission, among others. The
framework allows analysis of two-dimensional distributions, or series of such

distributions, or higher-dimensional distributions, up to the number of reporter
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further illustrate the concepts described bel ow,
particularly in Exanples 1, 2, and 4. 20 Exanple 1.

w@yaosprarsm t o nucl eus transl ocati on assay 1. 1PCT/US2005/001656

Background Fig. 1 shows the general data franmework for
an exenpl ary enbodi rent of tgpe present teachings: a
cytopl asmto-nucl eus (or nucleus-to-cytoplasm

transl ocation assay. A field of viewis digitally

I e R S e
@nlgiry #6in th@nﬁhcﬂallrrﬂgéaidviin gsportions loaindividual dedls. or

can be nmde to be, plLxe] -Lo-oixel correspondence
= 2584 q sdribytign:ofstainsehe dif ferent

Spectm!denfﬁw int igm&'e.éﬁgrent wavel engt h
c g others. The

d| ffeTBetptepem:aéaommgd mayemcmad\e |analym odlltfarmiemtlon events

t'pé'%,ggi;” Ségdfqp?nﬁgqr},lg lg)ug%é#gugq%egr?cf fcgl,ﬂg Cr%n gagpresentatlve
suc?}é cg)lile&t‘é% dhaeasd ] féH ﬁierr 'tr%H‘s!o@aﬁen QO $R' tr8Rscription

stributions,” or higher-dinensional
iackIrrNEuBmmmACFEmells in inespanweho BFagencestralian (see, e.g., Fig.

R A o TR A0 RbPASTap HEALI g ot

hd ehfdied Bametiadof theregdil wiehsutioneeieheawtidar qouréeign and
of individual cells. .2 Met hod based on 2D

of ter signel iainas &t mpves frouw ihe cuieg!asm &p the Atigleus. The model

sl Rk Bre GorPfirdl RF o FFECHDRAR! W, REfd Sdjed under

géﬁddé @@l‘:dl’?@h@én% bgﬁafbamdasclo llﬂintjemgaalrgs rulsatl are rob?st
epresentative data were collected and anal yzed for
the tFighsP o@'&?W%dn’EﬁnsttMePW'EQ% &T(Prﬂﬂ |%R‘nef Q t%ﬁ%@h fmodel
ancr?e@g\ ad | B%aﬁﬂ?:@&l”ﬁ?% i gs ?g{rﬁist@? Eé@i‘%ﬂ?@hh?ﬁ% é%“?@nal stain and
arcmmft@‘saatlm ofhe weodélscellsaineludef & rh:eﬂ stmpaddccwtrﬂelnswn anuclear)

e diskitiviang arcy ofne’ (anedi AL eamicleba ShaBie sgngh stain
m@nﬁw Si@{rﬂ)‘iﬁibho withea el %edTBPatQPCtQJrresrp%ﬁHHgSto a negative

were conpared with the experinmental data, were
so mrelhaa dn usetweenysigheliandoeelintebstainsd opdPeneb B)i @ r’@”t%haped

LloB TR BRa i GEBuT b ebreShha ol AR dotrelation
t‘)\eﬁ\VéérBéig@QP' ahaadodri?@n slainC Bl rédl sutls! shave RuBERHNIGING similar

stai n and
pro%nes as the model cells. Here, the profile in Panel C shows a negative

correlation, plotted through two cells, and the profile in Panel D shows a
positive correlation, plotted through three cells. All profiles, model and real,
are normalized independently to their respective intensity maxima.
1.3 Quantification of Cross-Correlations

The joint distributions of, or cross-correlations between, signal stain(s)
and counterstain(s), and/or changes thereof, may be observed and/or
analyzed using any suitable method(s). In some cases, it may be possible and
sufficient simply to observe a value or change visually. However, in most

cases, it will be desirable or necessary fo observe values or changes
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a counterstain. The nodel cells include a bell-shaped
counterstain (nuclear) intensity distribution, and

werdoser220fane! A) a wi der bell-shaped signal sSPEI/NS2005/001656

intensity distribution, wwth a bell-shaped crater,
corresponding to a negative ,gorrelation between
signal and counter stains, or (Panel B) a bell-shaped
20 signal stain intensity distribution, corresponding

ét?arﬁltgf?\?éllﬁ }Sﬁrtlﬁ%fe{rg) fHS te>5’§t tansl % bnid: tfé?“l‘?lta?rmvolve

al ns e'rea OW Su y sirm

analf/sisesd many sampizgel ceIIs Here, the profile in
correl ation, plot

boo cEIG o4 S RESSBiTagsSiie, parmEpTatipRlots, of Sgrhl stain
| . .

ﬁ&iﬂf&ﬁl ‘éa?@%ﬁ@ c%hh%??tgg'i Gﬁ&r%n eé%r@:; mﬂ@i'cgg:gﬂ?,' he infddsity of

ihedsigraldstatn g,ortsmmmeuﬂablespeasswr\eeon fonetiem ttlyeraafbiiambtted as a

GirGHiPT ook HomaRSPOIaUR ATBESTE o e EPLRETHarhdbf some suitable

are of %ﬁkétﬁ?n tHAREof OVRLS! datal pdifds infthd RiweFhafdffadrant of

ereo be observed and/ or anal yzed using any
tha plabberraapm(cspomons obithe raags havingray cw%ﬁ&rgtl@m% of both

Sa0eR Y i SR bl 5601 Y Mg FOR Smcran

0658 LD Fadiens 85 B inhage® haeingehighl dsesentratidrad g botsignal
2005/ 072205 PCT/ US2005/ 001656 10 quantltatlvel

plein ia0d eeyRtersigino feta Poiniaiéh the uppes deft iyadrant %r{/espond to
l;
UG e Gh MheEBheSydichs & R stan s ow

sbrdantretionist ?\b abtlJrlatJe'rgtaugaramdc data posttsum t('\bolommrrtght quadrant
axi s ecifica the intens of , Si l, .
S%@%PQ’HE) i sngioge ol e dnaRa VNG oW eﬂe'f%r@%t%?%'?na' stain
t e ' [ i
bfit il 66echireioh Tt cAMLifCIPRERE PIoRS US| dotrelations
fvilhtanicb o tshemeap)as iﬂi&t@uttﬂmﬁsaofpdam points hiawingomegati e slopes,

drant of nd t t f t
SR by BB L SR S5 B BB i e &Gty poine
ﬁaﬁngo%ﬁﬁ\ﬁi ad|Bp eQat'F?b D@éNé EtabldemeRared | ﬂlﬁ‘t characterize
qguadrant 10 correspon to regions of the inmage having

tragantuooadmm the inegetivd thdhe posigMalcasst ar Micgn¢ersa, we analyzed

196'? né@gm ong oqqgg IQQEI?‘ ‘{h% Bﬁgpgﬁﬁ Je%ale%élﬁqll'ﬁ%éa%eal case,

fHRNARt] 8paRslstain diswibations ard cb@'@lal‘l?@ynﬂﬂ&@@ﬁl amﬂ langlsed as
of counterstain, and data points in the |ower rig

qhgwn dntFig o%m&psh@ CfQ‘ﬁSrféig’IQQﬁg'T@ffof H@Sierf%?g%@swae.ﬁh@wn in Fig.
LW, B MR BELIAE HePurSE@BR of b the centers of the two stains, by

changing shape from circular to oval, and/or by adding noise, among others,
the distributions become fuzzy, as shown in Fig. 4 (C,D). Typical negative and
positive real cells have cross-histograms as shown in Fig. 4 (E,F). These
distributions suggest that a suitable translocation measure can be defined as
the slope (or more crudely the sign of the slope) of a straight-line segment
approximating the right side of the cross-histogram. This portion of the
distribution corresponds to the more intense nuclear staining and also is close
to the center of the nucleus. The farther from the center, the more diffuse the

distribution, and the less reliable the approximation.
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15 but high concentrations of counterstain. In these
plots, negative correlations wll tend to show up as

wale@sioros i ons of data points having negati ve BCDPERN5/001656

and positive correlations will tend to show up as
distributions of data points,,having positive sl opes.
To derive stabl e neasures that characterize
tranS|t|ons fromthe negative to the positive case, or

At b .
Vi Ce KRS8 SHBuaNahY ZRHramkab ! pflShps PHERPDS of detion of
¢th§h lﬁmtsityhn stibsets dif dlistiibutioren Gigiteincreasimg oy right to

e TheoROIAre 06 PRIk Ioh duB! (5 4se0,cs Ry mAHos: yith the
&rditnBine Lsf foh'ﬁ% %hldgﬁh@%&ip‘f‘éﬂﬁﬁned SRH |hb'?£brﬁ P@jht to left

centers o stal'ns gl ng S
amnd selegting cbh@vaﬂxge ahér@mlsayppmdamgnmuss@e ransimjable

O e o B i PLLE PG oh LB oo Uiion
ﬁf\%‘;/' lﬁval@é%éiétg%ﬁn&'t@b%b?@@lo%‘éss h%‘é”tdpnlnfé % tHb t&grbdsion line

hése distributions suggest that a suitable
calaul@tert ani ahpoipts abeve the béginef slope mmemie(vmletpwe( will refer

?pe p%p%%q@pgﬂagflﬁt&ﬂg éh?e%god‘é 'B? c[sa]ﬁ‘&ﬁ‘ét%ﬁt o 'dCpoints

sél@s\sth@ dgigalaérb dliegrrient (wiidhate Wile réfer ¢ aé rslckpaz) oM all three
corresponds to t e nore i ntense nucl ear stai ni ng

@Jpgesmsemﬂa@@ngtr@ltsmec@mn@ @d $lepagthave th erﬁeme glgn then
{h%r {é@%{} %HRB‘ s a/\fftﬁ é{é%t %@g‘ﬁé NVHRE hidRever, jf they have

ion rel e the approxi nati
We?érﬁfs’ @7&2 Eﬂén H@bh@ﬁ@%bp@ 15660serl Wewall&hlshnesswe slope3

i\pr0| Al uctlon of

Hunt 1ebal ¥ ¢g ; ARALIS

(righ i

e e

theofstmaiugimg |buienots Ilfmieddtd))sqﬁmciedl portionse of individual cells,

SR s Ao SR RS Bl o, e, o
mbmﬁst ék?l'ow cﬁaﬂ of podbible ébmwatemo%@érmr@sw@r irﬁag@ Rnalysis in
this method. This variation maylnvo ve cal cul atlng

Cmpmnﬁet@hup&ls trmnslaogioniaseays t he regression |ine

Ca1 U B, 4B g B e PB4 BB 84 4ERy ot o

RetfraRd i igidtdnkhen r egsressionn dri @GalﬁmngUMt@d iantiae | case of
&;I nts lo bel ow the original slope segnent (which we

nslogatien may be net kemativer. lspmeneases - apéfawona@lflcaﬂon),
GHE B L P B, B9 ERY A 8 c oo
dbﬁ@ lont eusi@rsief cdssbysituated celisyThisweay not account for biological
variation among the cells in the cluster, but it will account for variation among
clusters. The variation among clusters also can be due to technical or
experimental reasons, such as nonuniformity in illumination. The analysis may
be applied to individual cells, without knowledge of the cell or nuclear
boundary, but simply with knowledge of the area within which a separate cell
is contained.
Global analysis has its advantages too. It may be faster and/or more

stable at low magnification. The objections to global (whole well) analysis
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di fferent signs, then the original slope is chosen. W
call this neasure slope3. 1.4 dobal vs. cell-by-cel

W@ 200507228% er - by- cl uster anal ysis 15 The pr esenPCT/US2005/001656

teachi ngs can be applied to entire i mages, or portions

t hereof, including but not Iispted to sel ected

portions of individual cells,  selected cells, and/or

sel ected clusters or regions of cells, anong others.

Fi £l hR! i '
Gy Fs3PRLR ey ARG O AR TR St et coos
hotaestladat uromartedagals. ZkheAgptomdtissue chnt e addrbssedlirectly,

FrPRO RS IO BRASPIRA ORI SIEAT NS RRUIRLAIT Gres a whole,
Eap fhéDE)urﬁcfs%n?I’ R BerBO4rel P ISERELY et ) {;:%bﬁp HRalysis
cases (e.'g., Tow magnification), partitioni he

mag gt igtepa imebstird i laveeddesraspodsé thatus @8 gchmha$ inglividual cell
A2, B30 B5ere R0 e B SR Hhmatve
YRE i1Rét iegué'mésg,bbf@/é}ebh@, i 1648 sHripp! wrnomhliiihgwhiénsity, in

account or variation am)nfg clusters. he vari ati on |
whinhgcadeuteegiobal swasareshoftenare @st @evthiasaAvesages of individual

S SRR kel 5 S e A BOE T S Beston 1.0

i i VPdﬂiﬂioﬁiﬁ? mto\ddrﬁgdhehmm% esof the cell or
nucl ear oundary, but sinply v_vlti now edge of the

ar ea Watersheds ehcembipgdintens 29e$:s cont ai ned.
G oba ' j v, .
ot olmEE KB Bfely8d B ERHEAS AP in b Stegmponents.

gg}gm;bgirg%ltd @%%t_i/mig%gs( ngl ?r\geltw¢ mab?«?é.:sﬁ)/\&cilli;rating analysis
5/ 072205 PCT/ U 5 5 sually agre that it
Bb@Esianed dasn{oaTEreS, UG @énceﬁﬁ&ﬂﬁ%@, Nindiicyi egls; and/or

S el cl ; ebks i$e h&SUFeC Ydtional
BORnsy Ber S e (O] RABHnGap3a P FORRT RroEENRSH Hptiona
rethsityasquatizatigrzed, individually or as a whole. For

th of this di ion, th fWO | :
(15 DPaREoni e Be SeriyTROng any siiBIg HhshBRFRE), sueh

gﬁgqﬁﬁﬁdrr@s&%éﬁ(emadnd @) AndIRPSE SEparatbryiisesl cel |

ysis, "and (2) average nmeasure al one may not_be
suf f i Baskedsymiayf be faund &y amiestiiabla algnsilembaly fes example, a

i i | Li 7t . ity
PSS %, @l S BR00 e e MEREI6L 3] BEBTRUBY grom ne
Rfiagey &ff auesed colficrsdifl andehé reealingesnageeeComstrutied [11]
The second issue is addressed in Section 1.9. 10

. DE( 1.5
mithin theoimage PhidcleanpeHaisrsiainvdiiefreage then may be subtracted
from the counterstain image and converted to a binary image. The

components of this binary image are the markers. A further restriction may be
imposed on markers: only markers that have at least one pixel above a given
threshold (marker brightness) are retained for the second step. Depending on
magnification and noise level, the image of nuclear counterstain may be
smoothed prior to this algorithm. This method of determining markers can
handle cells of different size and shape. Other methods, e.g., based on top-
hat transform [11], also may be used.

Separation lines between components (e.g., nuclei, cells, etc.) may be

found by any suitable algorithm(s). For example, separation lines may be
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Wat er sheds of conbined intensity inmages. |mages may be
anal yzed as a whole and/or in portions or conponents.

w@a005/0t32051i ng i Nt o conponents may serve two puP@EDEERN5/001656

(1) facilitating analysis of selected i mage features,
such as cell clusters, individual cells, and/or 15
portions thereof; and (2) facilitating, as a step in
the procedure, optional intensity equalization.

|.1iQni e d~Usi 0 0; ' e ;
i 80150 B RFed T BTSN EHRS Al o o incar
cE)cﬁhbMaﬂdhm tiﬁ ceemersthindmddenasd thdsigaakstaayintegd. dtirereason
BlvS8 o RBPTCEA) STa SRET b e
| (o) i . .
S 1 58, SRRyl e RS Sty ineo
fromge rofclearcétamr incagenteaystal throdgh ¢hé maiddle btselmyThe use of

subtraft.ed fromthe counterstain i rcljel and con .e.rt§d
260! SiaiarBroghage. Mot SCEUIBreTRAARRT (NS raglfigents of the
Iiﬁ%%cﬁﬁ@in‘aﬂ@n R&K %resv?r?eé WeEEﬁBirfgeéﬁ [thé tpedulliER¥ed ©f 2%aining
I mposed on narkers: only markers that have at | east

ame imagelacgbisitona gi ven threshold (marker brightness)

r.e r&togi nigl I'§E tfhﬁ!ﬁeﬁﬁﬁg step. Dependi ng on

gni el, the imge of nuclear
count grgt fift NEdtribationdOet heslinksristint and hisignal getairt hmay  be
This nmet hod of determ ning markers can handle ce|ls

oo rnarlizesitertheis regpegiive SAapEa. A camBerinne oréjdbe_ gisltribution or
50, aher imiler TheL/BuR, o il the, DA SRARE ¥ image

s@vidas atditipnaiectback domihebysemand mdyadveal features that were
al gorithn(s). For exanple, separation |ines may be WO
POICBRAIVRSIOE PeNASANOH/ 001656 13 defined as the

wat er ﬁlg)friﬁina[iéatﬁmtlgén&%r thBet %%élmi R DL InrfdPmedN8AT entire

conbi n on 0O e counterstaln ge and the signal
ihages,i ander Pbeionsasiwereot,ousing lanyesuitablebinnethiamism(s). For

rat her than just the nucl,ear .counterstain i e.ls

BYATID e TXEMATigatAn 67 5 g COBIRONERIF R 0B JPEd above. In
fhacede, aRRAKAEIfRIM!a BB porichPErd MURipRad Bt e shiRgAumber,
may cut through the mddle of cells. The use of o
séparately tfar signad Rigiosandrfer govntesstains eplierastively] neevalization
Coefficients of th

28 R G450 Bl Bl B BRI Hmb Al o e
meaeSof sighal stain and counterstain. Normalization may have the effect of
locally equalizing the image, and may involve rescaling the image so that the
maximum value and/or an integrated value equals unity or some other
preselected value.

1.7  Artifact removal. Gating. Classification.

Physiological variability and/or other conditions can create artifacts that
affect assay results. For example, some cells, such as MCF7 cells at
sufficiently low densities, have a noticeable percentage of mitotic cells in
which the nuclear membrane has broken down and the chromosomes have
condensed. These cells, whose chromosomes can stain intensely with a
nucleic acid dye, may produce spurious “negative” results and upset the

positive state of the assay. However, these cells can be excluded (or
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1.6 Normalization of intensities 10 The joint
di stributions of counterstain and signal stain may be

woerosabiza®ed to their respective maxi ma. Thi s CBEOI/D82005/001656

done on the distribution or on the original inmage.
The result is the sanme, but ?rmal i zing the inmage
provi des additional feedback for the user and may
reveal features that were not seen before
Nor t Lor
%3@%4) n%&‘ 3@% gs%'gr orHé'a ngﬁ' ﬁ@gl%af’ Isi% rjﬁﬁ‘é intensity and/or

BEpArienils undersizéd “rulegs,’aamongi dthbise Hm'eh‘émdcﬂrded) maFyonnclude
exanpl e, normal ization can be done InTanH onents

G@%’é@'ﬂﬁé@GQHB\?HbS@‘HPeQW%C%%*@S ang/op 19NSpANE/ of ot belng
GO BN SRR 8 gl FBTRTERAR Sher, Th inforation
& tesutiat fhaeinyay berexeludest cam i@udapopiorto aadier tthe wntireties of

e o1 FEgBCCal. Al TS0 FEGIRRS I PRI A 30 O ThUS, in an

g quﬁ"P rf t?Cﬂlllﬁ%Ylt hﬁ\l\ﬁlém@el%f AR @ntaboRithlof over- or underlay

e I mage, and may i nvolve rescaling the
arfagnresmentﬁaarrehe theexffenied \pdrilenaiofitibe cefl(9) ey e excluded,

830087 S e Bl R0 el gbe Pllfiofc i ofers. wore

BBMéﬂéﬂkroahyaémw iseh! ad Ytreerdéslr tyisdie ang@ididn-esifil aartifacts,
Create artifacts that affect assay results. For

thedsenebe siffaregiiated bisite intarsioshabel gizegand/or position, among

iertrp S TR el s 1 “whi ch the nucl ear
menbr @mvbaéelﬁrm&emsdmsambsdq@omélaﬁmm dsthe \Ba(l)ue of the

condensed. These cells, whose hro S. can, st ai
Bloperiged 9r%3rmspgramcp@ﬂ beads Tasalcaiobelgelfs: rather than

t t
3?&1[15 4> tcﬁeﬂg ag:b,v §xa %géerﬁlt&flﬂ%%lgﬁ%g gf\Z@ élg@@%'a étRtive slope
exalawds@l-h(smogm W 8igR20 StaRCWillgaaD o 06 s&Bidetitfrom counter

i 355 55 P o RS S8 AT e o o

ge %tl(gtﬁisat |EB&E théi'é% U0 8gsitilB ok iafdtittebe@enb®ieN8cations

sequent cal cul ations and/or tabul ati ons,
aﬁallgoal sitain bedl n:gunl%ﬁdm nafi naI ~determ nation of

ik
ul S mvie : -
and/ 0Prbféﬂ1§rﬁnd Qithéﬁ rﬂblecglé% @lﬁatﬁwlfa?\sﬁﬁzlaké fr@me cPtoplasm to

nore regions of cells, and so on. Thus_ in an
nucleus commonly do not enter the nucleoli. This tendency can create

artifacts, unless taken into account, because it may be interpreted as a lack of
translocation.

Fig. 8 shows errors in the estimation of cross-histogram slopes
associated with nucleoli. These errors arise because regions with high
counterstain (i.e., nuclear stain) intensity are associated with regions of low
signal stain intensity, even in the presence of translocation, because the
signal stain is excluded from the nucleoli.

These artifacts can be addressed by identifying nucleoli and excluding
their mask from the nuclear mask. However, this approach suffers from the

same drawbacks as segmentation, and masks, in general (see Background).
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1.9 Heterogeneity. Population measures of position and variation.

Principal Component Analysis.
The present teachings include systems for addressing or interpreting

heterogeneity in cell populations. For example, in the process of translocation
of proteins from cytoplasm to nucleus, not all cells behave synchronously, and

different cells may even exhibit opposite behaviors.
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components are a non-correlated set of vectors, which are linear
combinations of the original vector set. Depending on the nature of the data
set, the first few principal components may explain the majority of variation in
it. For example, here the first two principal components explain almost 90% of
the variation, so it is reasonable to reduce the dimensionality of the data set
from ten to two. The meaning is assigned to the principal components by
analyzing their weights on the original features, as shown in Fig. 12. In this
example, the first principal component can be interpreted as positivity of the
translocation, since the weights of positive slopes are positive and the weights
of negative slopes are negative. The second principal component can be

interpreted as homogeneity, since both highly positive and highly negative
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Here, SD is standard deviation, M is mean, and pos and neg are the two
extreme states of the assay, which define its dynamic range. The Z-factor
ranges from -= to 1. For cell-based assays, z-factors above 0.5 are
considered good. The z-factor has proved to be very useful for capturing and
comparing variability caused by assay biology and by instrumentation (e.g.,
pipetting). Cell assays based on imaging introduce several new variables:
imaging resolution, size of the imaged area, and the data extraction algorithm.

Size of the imaged area is a variable because usually less than the whole
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where

D, = Z(f\.,,xP Fnoa)”
Here, fixp and fnoq are experimental and model values of the assay measure
at a given concentration, respectively, and n is the number of experimental
points in the dose curve.

The v-factor reverts to z-factor if there are only two dose points. The
model may be chosen depending on the nature of response, with logistic

curves often being the natural choice. Alternatively, in some cases, no specific
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speci fic WO 2005/0 2% PCT/ US2005/ 001656 E?
suntablhty of average cell slope as an assay parameter. Data were collected

from a dose-dependent set of images, such as those in Fig. 2. Here, average
cell slope (vertical axis) is plotted as a function of TNFa concentration
(horizontal axis). The corresponding v-factor is 0.77.

Fig. 15 shows the v-factor (vertical axis) for nuclear translocation
measure as a function of interpolated magnification (horizontal axis) for
different image sizes (reported in square millimeters). Specifically, the
behavior of this algorithm was studied as a function of (1) interpolated image
magnification, from the original 10X magnification down to 2X magnification,
and (2) image size, from 0.510 mm? down to 0.009 mm?. The v-factor was
used as a measure of guality. Image interpolation was done by the bilinear
method. To study image-size dependency, the original image for each point in

the curve was divided into fragment images of smaller sizes. Next, each of the
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nodel is used, and the average of several replicas is
used as fnod in the above equation. Then, the

wQ2G080t2205i s gi ven by the formula: Average _ SECT/USH05001656

| MPos --Mne81 The v-factor is | ess susceptible to
saturation artifacts caused % conputation 5 than
z-factor. There is also another subtle difference.
Standard deviation in the nmiddle of the dose-response

I Sl At t e
SieEs b vas, A58 2o 884bd o R SPIETI PP BBUAE il hese
fgaeareiveenussd trethey formelh fir \BmottBratl‘heqesults for these different
concentration, and so any dispensing.error has little

analyses.cshawe It Eigpoheshom dhah thendldOptimreachies pyplpigau of v-
?aec[t& &rcb 4.8 tﬁ%pﬂmtc%@&gﬁ Peg' lélogl%\é ?ﬂén@“uﬁ@@@%lé%sof 0.34

errors. n contrast, ume errors
imre® opgicaér. effect in the nmiddle of the dose-response

Shol & TBRrAeragR 6ol lorinalooty 5ra, naue 2enpit dhsiabig fegtures:
AfUgSeLhot %q§§éaé/ed1ﬁé g\%ﬁ' 'nky subcéllulBPE®mpartments; (2) it

pendency. | nage size and magni fication dependency.
$6al@hevdh/wrtlagmgmﬂwlomf (8hit requires dualsec@leﬁabﬂeorpﬁamﬁgrs 4)

sy 6t serovedb ey oheawgtarsiny & 1, WHgR ok g wpiations in

iritansityo 8fHon@Nc&lRS §5F W (éehastsP dnt & rﬁey@élumae dnbaIs us to test the
suitability of average cell slope as an assa

pHeelseokdistuaaace (€. deonpiset #iegylak ﬁhap@,ogt@_)j aperfishe stable

bt ATERY AT Or BRpU AR arc gt gting FELT of YRR ool

af121r N@tﬁgmem?t Qaramgfwgl ?glﬁc@i_omaf bgsthﬁieasu;es

corresponding v-factor is | i 1 t L

v-f act-rg? qw%t Measurss ggesqr&emc‘ﬁ%cgwntf aﬁg%cs%ﬁ ?gﬁ“ed if there

t

RS Bl €adiont, bHRGS |(BRd Yarl BB LS Ml I bOksed as a

re%sfesemwfelrm Ilargerregreup)of iSpeesfthabahugt belmeﬁy'zdﬂelﬁavemmple of
this al gori t d f

i e e 5 a0 Sl el MRRbshBh, hapive and

ﬁ%éaﬁ?@rﬁdcrﬂr%fé |1y CB?M\@r tv@el%xs@ﬁﬂﬁgfé§at*e‘sprvvellsanﬂ1 (ddse curve
ge size r .

om 0.510 nmm® down t0O
expatimentsidbe wbeld asrwe ceashe elseld tm@lalqu}ata cm@éy Once the

| nt er pol ati on done b bi.l.| near
Bhy e aniiachiiidiey ieRk i ARG Rageisito, one can
9@@@ @cgjreblehﬂ &%éthﬁlzmg Yaransteds odachibpé ahkr pighest possible
es of | er sizes. Next, each of the
qua ty. S|m|lar|y, if several measures with the same biological meaning are
returned by an algorithm (e.g., slopel or slope3; individual slope or global
slope), the best of them can be chosen on the basis of quality.

The measures of translocation described here do not have any truly
user defined parameters, at least in the same sense as the width of the ring’
is a user parameter. However, there are some parameters built into the
algorithm that may benefit from or need adjustment for a new cell type or
specifics of staining, e.g., parameters controlling detection of markers and
watersheds as described in Section 1.5. Suitable methods of optimization are

well-known in the art [13].
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use of measures based on the points above the continuation of the slope
segment to the Y-axis as shown by dotted rectangle in Figs. 17 and 18.

Fig. 19 shows a model of the joint distribution of signal and
counterstains, where the counterstain used in the assay is not a nuclear stain,
but a membrane stain. The membrane localization case can be characterized
by a single slope, but the cytoplasmic localization uses two slope parameters.

More generally, the original histogram, which has 256*256 bins, can be
divided in a coarser grid, as shown in Fig. 17. The size of bins can be chosen

to provide a reasonable number of observations in each bin. Then, each 2-D
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wel | -known in the art [13]. WD 2005/ 072205
PCT/ US2005/ 001656 21 Practical applications of

w@pios/i2z2es i on may vary. Positive and negati ve PCDOB2005/601656

may exi st on every plate, once for a group of plates,
or (in some cases) be calculated rather than

measured. I n dose curve experinents, each curve can
be optim zed individually, or optimzation may occur

) | gna t .
bRfodtrar SEER an Lol if chsr i erSIRS b8, whers Neis the
Eﬁﬂmeemnm'ths. tdmﬁillbws 'ateauricﬁnltt)h@)mubﬂem ﬁseandﬁtemnteomJ@nition

resent . teachings; menbr ane-t Q- cyt
B eSel ot b i e SRR A EILOD! 25 (o7
Bxaftle 32 Piifge 1B @fgh%mwﬂaﬁizmmgm lo
transl oca e cytopl asm
BP.EEBackgbl‘?ugdlg_. 16 SIhIOWS aHI;i netic slerifes of :mages
0 - el e ive cells. r t '
negat E\?QS‘@(a?%“PHBe'BﬁSaﬂlqyoéﬁﬁﬁf%ﬁ% t{;ﬁ@ ﬁff egrt%ag{'gﬁufag sub-
adlidiat BEIBHsAR icahRrdHaRerebpansd s atindlh) sueRthd fréatment of

right panel is a positive state (significant
celimwitb caeduwalors. 1Borexpmle, Bradeins ey belreeruiteddoj(angior move

P BHb R BB PO IR or BTN (o
PRIbhadrs) 0 abg@idedin traainditewhiotdppiopadatel (RyestiswAccordingly,
cytoplasm c | ocalization. The counterstain has a hlegged to

pstemsofinetuding nepethpdshe2lgeeinsns aRd @PPaatuplare n
BRBREPSPophFREln e SHPATHA P 1oREL B2, 2 oy ol urcer
batidntepiasohditishewsoehbasarexpesdrec yo opl parality of modulators of

| ocali zatjion, respectively, as in Fig. 17. The sane
HBB%‘EW'@eg?CE'I”o%éc'%@W%%S ove can be used to

SR aplcReiAr alRURBATTdANIcHB aBEay ans! ocation. |

addi t : ges use of neasures
based Toe Traasiwor® assdyolcemrherciadizedrhyaXsiom Pbairmaesuticals™) is

| 25 . h -.axi h b .
Hissd fo grens e meguty 9 Brelain CobpfFt s RbuRa ety assay
EApId %FeéH $iubkdHen® hrefeirs (GFF) faBEd t6Op-HrRIsEhadd S reporter.

re the counterstain used'in the assay is not a ) _
Abelbasis et therassayis ta maaspiraifie subrcellulah ooptirgiamef this fusion

ER3BL BHEPER8AI5: B3PaRiod BAIBER kAR BoRl T e tuson
pastaietciahges from a diffuse cytoplasmic localization to a granular
cytoplasmic (and/or membrane-associated) distribution upon receptor
activation (e.g., ligand binding). Since B-arrestin is involved in the regulation of
many GPCRs, it is thought of as a general assay, that is, one assay can serve
to measure activity from different classes of GPCRs.

Receptor internalization in the Transfluor® assay causes images to
exhibit a more granular distribution for the reporter. In particular, the reporter
becomes distributed less uniformly within cells, to form “spots” or “dots” of
concentrated reporter signal. Examples of Transfluor images are shown in
Fig. 20. The images were collected using an objective magnification of 10X
with 2*2 binning. Panel A shows “negative” cells without GPCR activation and
exhibiting a diffuse distribution of the reporter. Panel B shows “intermediate”
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256*256 bins, can be divided in a coarser grid, as
W@ b@#73205 Fi g. 17. The size of bins can be choBE&MUS1005/001656

provi de a reasonabl e nunber of observations in each

bi n. Then, each 2-D WO 2005/ Q42205 PCT/ US2005/ 001656

22 hi stogram becones a vector in the N-dinensional

space, where N-is the nunber of bins. This allows

i L] |
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rearrange from
¥ Frteerns (or vice
ver sa n t i S SRR
cell s)r\r/\vlbt %Fe%%gfj”iég%fﬁl@ﬁ o@ylggaﬁpﬁge%%fgijgl ns m!\yg Hransfluor®
reages. tladsonoe Exadipdes,beenethwd maly-foymalizadng cmtdtiwal m@iion of

ity 86 B okRu o S Moy B BB B oy the
EbEGEHES knOGAOTiA! rﬂﬂéthemeﬁ.»ét erﬁérdhm%d;wda@gsmét hgisibution [11],

al gorithms, and apparatus) are needed to mneasure
gramtersetry (14, d)eftfaneea@%@rurﬂ H4lepsr gegnylar spectgm [17]. A

@{%&?j%%@' lvtsgpgo pa%ffté/ggﬁe%o%gt?ﬁwgé O?rjtﬁ Hrl:ggnalaﬁ‘nage with

efrieeting @I@n&ﬂfseﬁmn@@emmzel& the2efefmpsiop, the value of each
activatron (Transfluor(r)) assay The Transfl uor

aehis seloena veluf FEasRRNARY FQ i A NFAET A 9% gugrounding
t C I

E%gspt(g ge?%&l.x)? bl%ﬁﬁ' S%g gissa?&'é&n%leggsggrgg & the eight pixels

tbimml‘e!elq,'eswrpum:agnﬂ(e(zsmel f amedgt othlars)arlnethe rdlla’sora step, the

reporter as%npsto measur.e

Yot adeh el de 381 tout valeroTTeRbnEing BPBaTaK Giialue of ts
@Uir%ﬂn&hgnﬁﬁéhéjegﬁﬁﬁ' Bﬂer‘ﬂﬂ F RESPHRIUAS L tor nhdl'e successive

particu usi on te| n changes froma diffuse
eydsiq atepscfollowadlbyaom@nr mora ycanssive dilationstepsiltie number

bb Bkoston TBHA: AEEERD Stghs Gerhigs, i Bl it Bpgpino (and the
63026 &% 'sﬂubﬁjrid@;Véiéhﬁ‘&t) anP@xéﬁ‘@klé afh Bpeti n%fﬁirélée “one” is
|

GPCRs, it is thoug a general assay “
omtmedalw Gadingle QEOSI%QD@ l@ur%teacanvq)wegnm@c%sme two” by

e AR e e

BSpéﬁ:n@rta@u)oaImélcﬁ&n‘ae beguitamt bpenéd &nag@m baiculelted as the sum of
pﬁrptl)l(ecl:gl ar, the reporter
a

Fig. 21 shows how openings of increasing size affect images with
different granularity. Brightness profiles are shown in panels A-C taken
through cells (indicated in each panel inset by a line through celis). The three
panels from left to right show negative, intermediate, and positive states of the
Transfluor® assay. The graphs in each panel show brightness profiles for the
original image (top profile), the image opened by a structuring element of size
1 (middle profile), and the image opened by a structuring element of size 4
(bottom profile).

The difference in volume of the image, opened with different opening

sizes, is the granular spectrum, given by the formula:
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beconmes distributed less uniformy within cells, to
form"spots" or "dots" of concentrated reporter

wa@e@sar220&Exanpl es of Transfl uor i nages are shoMiT/UR2088001656

Fig. 20. The imges were coll ected using an objective
magni fication of 10X wth 252 binning. Panel A shows
"negative" cells wi thout GPCR activation and
exhibiting a dlffuse di stribution of the reporter.

Panel B shows "int di 205

PCT/ US2005/ 001656 e (X8 @'% Iy activated
Wfé'?e Qq“&ﬁ%ﬁé _YS, isRR I(S[Béﬁ‘? ‘s?ié Sal¥h b gfrﬁéld ¥o as thickness,
actl vated ar

nd exhi |t|ng granu stribution

Gi(n} hetheeganutr.spacruieahivesy eh epeming,i ngX) is the n-th opening
Transfluor(r) imges The present teachings provide a
okinflagb X orv @npliy thengollinandunuof pixels Saiueapetimage Xaor@ranular
exanpl es, the nethod may formalize the intuitive

sRAGt forf thegnagatives i inierinediatei AP eorilie, piatesgf the assay are

SR bR I N SBPLRY G RREGRY BPRA ddhinst the

fgaefivi @raheYinldgs vopmhd etnthiepening Kylré}qs) o'rl‘oga:h?aTab’wrlze the
spectrum [17]. A distribution is produced

aiffespEniskss on tthe 8peay nie IMErsbicRO: B .ree%%%cpaﬁ%gre'aﬂve
g}’ﬁﬁ-ﬁl}? ? @g%,lﬁg9gﬁéz¢|%ﬁg4§rmdla the erosion step, the

to a val ue corresponding
to the mininum val ue oRG+&(FU/HERY ng pixels (e.g.,
the four pixels at its corners or sides, or the eight

PibaresRGiv ralpécepanuiaritsuflisge Hick essimostrtiagacteristic of the
§fe{@rlar) QPO&@&V%F gtegé \pi lb% régg%f gg% J Eghﬁéﬂ‘ftcgﬁ?%e nfcf?s? !Eharacte ristic

vRkhe diffuset helfatiss) sRie ifnbephsezlys . T1Ea0 medon@otnhave to be
i ncl ude one or nbre successi,ve erosion steps follo

sigisnealoes Rt ear hedassps of mwmerssn'rswe\sg capgdh ﬁm@é@ge of the
gﬁaérﬁ{l)%éérﬁ@%r{afoglgg% .é&é@?z éggf&s Scﬁfr Hin ﬂé{]gﬁstéhé &t Ypening

& proviuce thégrarmuianppectrian nepebe lbgnefmlal ze "one" is
produced by a si gl e er03| on an d Iatlgé step

openi n§ Prd¥ithe Ophyh %(5”@% 198y 8pd dage él"%??’ SRetplative
?Kaﬂd{‘é}'ltg [t 'L%'édStze\Fh?u?Q”Ge@ﬁls‘é” a Ridi&iletaidte Q)Ql?\?é Ngas not
e vol une of the resu

tant opened 1 mage i s cal cul ated
asandme stiwoo$etsadll impages SNer§| lgsedziorslammrlmemsoma sgk for the

l.ncreasing  size . affec i fferent .

PSS e, o (el EGPTTR S ae RHRGh R Jlgeaace was
éc&i;1¥é’d<@§|ng?a51bﬂrc%jé&l\lé€éhé obéﬂﬁnr@b@bx Bbjeate MedtAl with 2 by
I nset l'ine through cells). The three

2 bmnlng, so in terms of spatial resolution we refer to them here as 5X and
10X magnifications. This has the benefit of making the plots comparable with
other assays described. The image at 20X corresponds to the middle quarter
of the 10X image. In addition we used an image that is the middie quarter of
the 10X image. Each of the three images was divided in four fragments and
an assay measure, relative granularity, was calculated for each of the
fragments for the negative and positive state. Z values were then calculated
using positive and negative sets. Fig. 23 shows the window of good assay
performance (indicated with a dashed ellipse) at magnifications of 2X and

above and an image size of 0.4 mm?.
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panels fromleft to right show negative, internediate,
and positive states of the Transfluor(r) assay. The

w@e@phn20h1 each panel show bri ght ness profil esP€DUS100&001656

original image (top profile), the inmage opened by a
structuring el ement of size ,J1 (middle profile), and
the i mage opened by a structuring el ement of size 4
30 (bottomprofile). The difference in volune of the

i mager %g%&@pwu%ks%@éeoﬁ %@Bbfteheé‘}?'%e §é\7ev\% dbSirddi€ features:

granu

@@@&@7&265 s‘é@ﬁéﬂﬁéﬁlﬂﬁ/(@%ﬁl@s vl @(th)madffisicatidr)(B) Was clear

Where X is the i mge, n|sthe eni Si z
blsloal Mepaninos EA bR eiHaTe Seiing of SroHesRs Raamsters, and

@8 gt hH{n%sﬁﬂlﬁ b Q\)é\@ﬁqmag% Qné'f% \Wﬁlchhﬁaﬂ bé hcaused by

eni ng e vol'ume (sum of pi xel
differemesan carmgasléttlr@r anul ar 5 spectra for the

at v 'nter di at nd positive states of the
Ig’é% ' ﬁé #&ﬁ%&wﬁﬂh the size of the
openi ﬂgls( Xsx@fhe FHéébFIBQS agajgptdd t BmboldirAehisornofofthehgyresent

i mage volunme at this opening (y-axis). To characterize
teaehingisf peasented asneeries ctfrwrrdwasi pasagrapheduced a

rreasuecalledrea rit t :

fol l ovm ng f\o?}%fl%! i a&&%@l% re %’t@?e}% Jﬂg’mbutlon of
felopfely ¢n %@BQI‘C@F beu’s &mpﬁsmﬁe(/&ﬁpm{ig atolshst two reporters
characteristic of %ranul ar. (positive) state

thiaé ca@mwsmahzesd tnh@e'tSh Bk ﬁegwﬂﬁﬁsdlglﬁiam&eérquh?gepelftefs in
c}]%ﬁ’s %tn @e %nﬂag% aY?e)a 3 GBS |R’Ten§Eﬁ}a"f’%§§m utfon Bf‘%f[%fs of the

S|ngeva eran es

ingdeneisparterswy chicokse ateaswer clgeracteristie ol & condltlon of the
granul ar spectral values is taken. Use of area opening
<[>Q§} i nstead of opening to produce the granul ar

spect bum mgyq k?ﬁetlﬂ%@ecg &égrap-Fﬁ SiHEYeif 'i‘ﬁer‘éf 8RN SeBbrters, and

t he nmagnification an Izes on relative
whereuh ahetetepmf ux'smng mohadeses siep afdormaingestidastl onesfaastogram

rve n ava T ts of .i es wer e
ecf@gﬁ'a niBredUd retdsing of Sp G BoSier RS ol ot Yalhes o
J{ ﬂfe B8O ge’étcﬁttﬁe shiheeasiBeieh ritfbéMBINE divhiénsional

a qU|re using a 10X objective an one usi ng a 20X
kmls;agramseof thetvalugs: of @pbyterszmtiherﬁaﬁ §f irsages of tiensarpe objects,

t| al S‘gggﬁs onamﬁéﬁdlﬁfgsf?@mgﬁﬁ%”a? qf];ékl nrbg the yalues

M @p‘ért‘é@@ﬁﬁfr@k&eﬂ ddirhBges of the same objects.

3. The method of paragraph 1, wherein the step of using includes a
step of normalizing (locally equalizing) intensities of at least one of the
reporter images.

4. The method of paragraph 1, wherein the step of using is
performed on an individual cell-by-cell basis.

5. The method of paragraph 1, wherein the step of using is
performed for a subset of cells in the image (can be individual by cells or for
the subgroup as a whole).

6. The method of paragraph 1, wherein the step of using is

performed for the whole image without identifying individual cells.



10

15

20

25

30

ot her assays described. The inage at 20X corresponds
to the mddle quarter 25 of the 10X image. I n addition
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10X inmage. Each of the three inmages was divided in
four fragments and an assay jgeasure, relative
granularity, was cal cul ated for each of the fragnents
for the negative and positive state. Z val ues were

then cal culeierhethiSd ngg&y(ébﬁégaﬁlgggégﬁg%‘st’ez)r(?fetﬁsﬁggl ingludes a

Fig. 23 shows the wn

(a‘t&!mDf:mre@mgﬁﬂfac@ﬁ;bmﬁhehﬂnagees)) at magni fi cat| ons of

2X an omMe. an eS|eofO4mTQ

2005/ 2205 ‘%%93 R agmRpn Eswh%e'w@“erﬁteﬁnpf using further

MESESS kiR QV Pndd t@‘l’r?e Wtﬂﬁﬁ%‘%ﬂ@%gp%@%ﬁf%ﬁﬁ ﬁﬁherem the

(1) requires no segnentation, . .
eRASUTes are paramalers af thd madel. bi ol ogi cal rreanl ng, (4)

(51 Fnot Tl 1 Biadfin] TaouSeitrbe: Jistanearter is

taseo@ateﬁﬁwﬁtﬁ@ &l cdmPafineheasE thé Qeééﬁﬂal‘éboﬁfértlé B¥sociated with
Exenpl ary Enbodi ments This exa

@e@@@'ﬁe@zfsﬁh%ﬁébﬂéﬁ@@bt%rqa@ @*ﬂaﬁgﬁeltsde@hzatlon from one cell

SEAER I B TR atp i Her R el conghtons.

the j dOnt  dihst rmeth‘roldorofobaragga;blepvi tvﬁﬁ&e{rﬂttheok@ﬁ' e&borter is
I roviding a eas WO
%gﬁ%?‘?@ﬁgwé‘hite g‘étﬁ'(ebké o @Jaeuéeg?@nﬁnrmﬂei is(@gsociated with a

SRR el TR, Sl SRR Pl 55} Pppipem o
ofickesisuesnudleusiéo cytoptzssn, aindee papermental coabitionat e a

h t t of a condi of the cells.
T e HoRh SRR, of bR BErA) T atharRin Hae e fiegterdporter is

BEEEY ét@'dswrtﬁnﬁte Y‘rﬁéﬂeﬁbnaﬁd“ihété’e%oﬂﬁ ort‘t%r IEC%éég)% t@d with a

step of form ng at |east one hist ogr sel ec
Prateir d0p @besi %ubsﬁ@nczﬁ) atNedh nehangsaits Hiosalgatiam ¢rfom cell

HFritRoe o GERRER L PrsSisnlisit Rl A G anp chicksr SRgmental

a@hdjasnszf reporters in the set of i mages of the sane
objects, 20 and a nunber of histograns of
di mendRonall hey methedepf zo%rﬁgrawtbf t Wdherainudlse tifst reporter is

RS b SRR o BB BE Bl i
anptoteias (ar other substanoe) that can change its localization from cell
membrane to cytoplasm, or cytoplasm to cell membrane, under experimental
conditions.

13.  The method of paragraphs 8 and 10, wherein the model is a
straight line segment of variable length approximating the right side of the
distribution of the translocating protein reporter versus nuclear reporter (e.g.,
as shown in Fig. 20), and wherein the measure is the slope of this line.

14.  The method of paragraphs 8 and 11, wherein the model is
based on a straight line segment of variable length approximating the right
side of the distribution of the translocating protein reporter versus nuclear
reporter (e.g., as shown in Fig. 26), and wherein the measure is a statistic of a
subset of points in the distribution (e.g., as shown in Fig. 26).
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performed on an individual cell-by-cell basis. 5. The
nmet hod of paragraph 1, whereip7the step of using is
perfornmed for a subset of cells in the inmge (can be
i ndi vidual by cells or for the subgroup as a whole).

30 6. The nE¥hbomhetiioddf agdiraphaphs 8handi 12} Rehetbigp it model is
using is perfornmed for the whol e | nage Wi t hout

SesRt Opi & piraglit iR, SPOTENT o varabis gt ApproXimating the right
mﬁﬁé%%ﬂ?%&%ﬁg(@% P??ng traﬁgﬁc d@?ﬁj%t% Sf%%cﬂ'gér%?sﬂs membrane

erein the's usti ng renovi ng

ardrjofrmt(f].gt,rmhdswn lm‘E@er) 8 The net hod of
par agr 2, wherein the step of using furthe , )
Pncl ude fi?hﬁngn%illhﬁﬁdéa Paragark. & Bifaiine N-dimensional

2@%%@25% éﬁe\ﬂs&%rﬁi M- &lﬂfédrlsgqﬂ%g}%fo‘?s(%/ﬁe%eag@ﬂﬁhﬁfb%r of bins

he net agra erern
t ime stich dhistogpammj,ewhéerein azzobic cell ddr va chusderc ef Icells, or the whole

SRR ¢ et B ol SBADa AL RehSrebsaia ape whe'ein dells are

'Qﬁé‘klké@bb@n@éh@iﬁ@d‘%f &itdrn reeBBAIibAENt to anot her
cel | "conpartnent under experinental conditions. 10 10.

The melRod dhepaetimdaphparagraeh ey wierein sych maplbodeef pattern

e&gﬁf‘@%ﬂ %ttggség%%g é% n#&%‘?gﬁ@%{%ﬁgf ‘??OC g{%g?s and wherein

Sm@?méa@@ﬂest drattheé A2 gednoosi mllbﬁty realdhzelbsoantitiegclass name.
cytoplasmto nucleus, or nucleus to cytoplasm under

experl h8nt alheomwRthednal PRTAgrARE et WHErYR FRRQItRTafRages are
re"MP&E 193, {35 dé%r‘hﬁﬁaé%’% ESFrebts?orﬁg Lﬁﬁ)%%ﬁ'bﬁfeett%e\éﬂrkﬁﬁeg to

e nuc eus an ond "repor I'S aSSocCl a

af|ll holeseluz toatushedihrorio Iempdrrase)e sdrae dmrrablmﬂegture(e;
| ocalization fromce|l menbr

Cyt opl 38m t SheeEtiachSt RRECTARR @a%éﬁr? s pulation of cells is
Copdi a0 fa SRYTBASGE AYRRAPHy LBRNAE Hofare o
meariatiome and the second reporter is associ at ed vvith a
ng;ﬂ ggg IO:) Rtelprﬁeﬁhgél qsftp%r}ggl)aphh‘fg aenranh measure of position is
chosen from the group consisting of average, median, mode, etc.; and
wherein the measure of variation is chosen from the group consisting of
standard deviation, median deviation around median, etc.

21. The method of paragraph 4, wherein the population of cells is
characterized by principal component analysis (PCA) of the histograms of
distributions of the individual cell measures.

22. The method of paragraph 1, wherein measures are nominal
(classification) measures of cell state, e.g., phase of cell cycle.

23. The method of paragraph 1, wherein the step of acquiring digital
images is performed simultaneously for at least two different reporters.

24. The method of paragraph 1, wherein the step of acquiring digital

images is performed sequentially for at least two different reporters.
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menbrane to cytoplasm or cytoplasmto cell nenbrane,
under experinental conditions. 13. The nethod of
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straight |ine segnent of variable | ength approxi mating
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Fe?o‘?ter s & 0 @8@@0 BeI'I:é gcobrﬁghsiggpg@rﬁﬁiﬁ#lﬂg:ﬁgeﬁﬁﬁﬁé feporters

maﬁblankhﬁ wsuaﬁmcgm, celts; $Bpanquinngidigitaénagad of the reporters in
2005/ 072205 PCT/ USZOOS/ 001656 7 15. The th
Anieagt dng wst candiians: (G0 HYRe ansat "Eeaassgdz “Gimgnsional

ffsfrﬂil% of Rt %eQSO ‘@léuﬁé’t'eerﬂe@%?éé eﬁafa%mtzl &9a cell

erlgt Sl I stribution of
ccormh’sd)mwtd () ;promdmg]amq@b‘ryt memmaiu@laMm gelular measures in

rter hovvn in Fig. 28). 5 16. The nethod
%al?ﬁﬁtrtg’;%rgﬁtc %"?1 t he N-di nensional histogram
i's vigyped FpedfetMod sraRFagrdh 26 okinsre(MHesstepeoftuging includes
nunber of bins in such histogram, wherein each cell

animage lanetysis oethed depengent s agel & Nimages! Rayameisied

cor rs2r o ThRPShobt B PRI PR A7 Aot e VRIS & numerical

pé@@étets afe chdsér. toTbmlmiatehrb@ qﬁalﬂwmg‘rrmpbalﬂ:ﬁl,ated on cellular
wherei n such net hod of gattern recognition is the
measyras ipdhp @i least dwptest Ganditnsdef i ned cl asses, and

wh t
wher ebl o TRBRUHSSH ASoldih HETHRS R 1Rl Slchabt iding Moludes
paleagt apd Methutie ok calcutgtingt esliuiarageasures arpnr ther selestiartof the

to de hasi ze or, corre ome ungdesi rabl eat

etiod e O e hesk aelivTiges e eppyt wi Bt boinditons.
enphagpze r T,

oy iy s sy o
teastan of |sedm:tm mnagentsubseisathategive rtbeobeﬁoguahtmnetrnc (e.g.

Yo Rl BbA =58 bl Yl T end ST Pl 281 482 n o
camera field — mostly for reasons of focusing).

31. The method of any of paragraphs 28, 29, and 30, wherein the
selection (optimization) is performed on one set of at least two test conditions
and applied to other test conditions.

32. The method of paragraph 26, wherein the test conditions are
different concentrations of a reagent.

33. The method of paragraph 32, wherein the reagent is a candidate
drug compound.

34. The method of paragraph 26, wherein the test conditions are
different time points of a certain process.

35. A method of partitioning an image with biological cells into

fragments containing individual cells or clusters of cells, comprising
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20 chosen fromthe group consisting of average,
medi an, node, etc.; and wherein the neasure of

wQ a005a73205 i s chosen from the group consi sti ngP@Gf/US2005/001656
standard devi ati on, nedi an devi ati on around mnedi an,
etc. 21. The method of paragngph 4, wherein the
popul ation of cells is characterlzed by princi pal
conmponent anal ysis (PCA) of the histograns of 25

Ut i . .

PopirRdte MeRofhel aloRounaiif on o ImBBE AR o B8 pititon of
hna@a§bfaﬁeQSMWW)mmﬂﬂeﬁes of cell state e.g., phase

of ce cycl 23. Th t hod of ara

Che_sTbg’ Biecksuts o Tatle: B8pvS| magjcenbampeRs oiiisie "distinct
I |

giaﬁé;& ﬁ@r%w Iﬁ(?}%%h(%h}) at;&ggﬁr Ampolfaﬁ feépgp%f gﬁe%@rhe Strgfeﬁn?ns has

heenidisaigset i ttalprefetrmybi;)rm{s)oéhe capesdlcS@n@bedtmmtwhereof as

S5 Bes Ry HoRbBicd bu™hE Hra R Th R SonaiOhal 4 o sence,
BEEARE AiifiorByds Vefialiona aldposEide) MIRAlsulecte. néattef of the

2X objective (--z 5 pm pixel). 26. A nethod
traentipas | nlgCIaldﬁéasaU e n@val heafdi nhorphmioysHutdospigations  and

PGB Bebs ot 32%%&?‘8@6‘“@ altes, Yypotions, - andor

propeatiég eibcloseceharein. (The liguirig oigirds galritdulanppemt ot certain
the reporters in cells in at |east two test

eeminations; apd) suBeemmbinetiagns| ggarded daﬁeﬂgv%lnéﬂd nonobvious.
1
HVErbfY arifhdicd i 88idroniiindEns ana HiofitfindikAS éeatures,
mmahsl glerrmnlts can%mpﬂoaeetcesomnayéiel mlamnedm'asmplmatlons clalmmg
he . at t con ons 0 th
DR 4P Bt Ol B RO AP IR cpuctt e agliar Giggeted to
Hﬁ%@éntaﬁ‘\%bf%ﬁ OF% hré Wﬂﬂ%ﬂﬁloﬁn aﬂdssﬁﬁetﬂfar BYGRALrC Alarrower,
parameters. 28. The method of paragraph 27, wherein
eqealvawmdﬁfauenmmmcopal to gblae soviginals ckaires c ladsce are oregarded as

R it o Bhiect oBleric S BB of PhsrGles P Yisciosure.

The net hod of paragraph 26 wherein the step of using
includes at least two nethods of calculating cellular
neasures and the selection of the nethod that gives
the best quality netric on the at | east two test
conditions. 30. The nethod of paragraph 26, wherein
the step of using includes



the step of selecting image subsets that give the best
quality netric (e.g. 20 systematically best canera
wo e@bsg73205 t he wel | or systematically best areaPCTu8s2005/001656
canera field - nostly for reasons of focusing). 31.
The nmethod of any of paragragfs 28, 29, and 30,
wherein the selection (optimzation) is perforned on
one set of at |least two test conditions and applied
test conditions. 25 32. The nethod of
Rardrehice 26, wherein the test conditions are

i ff e t_con tr The t hod

' pabar 2Rk %E’“ @?ééseﬁisﬁm%pg SR goracee'aﬁaoﬁe&'%cgeemng
dr ug cor_rlpoun he hod of paralg 26, wher ei
Zhe t B& E@hﬂWMﬁhNOaV\éO 048962 emitled Eﬁjﬂrﬁ%d meﬂaod for
cer t aBHtqmatice selor 3mgmentatinodand mpiaimnum signfigaah respgese for
Wi t h hiegsisageroaht ofdradiionat localized)mtensitycafraetiuiar egmpartments.”
i ndividual cells or clusters of cells, conprising WO
8005/ 078 2PabRsakiddSRB02008/08800989 cpiiéd Fiettbds for determining
wat er giedrddni2siof Tl ¢é?l‘ﬂ|lé?rrbdilﬁpcbﬁ@fﬁ%f‘iﬁtéfes‘t3 a
conbi nation of images of at |east two reporters. The

d: :f: gﬁir epafilicdidh! tNgb Zp% é%‘?‘. | L“}B‘a@' lffased image
Althoaé 'yéﬁgﬁ &Ok?gﬂé%lgp UB ‘'ons has 5 been.

di scl inits preferr for S

nbod%«erdﬁ@ohﬁér B ieyPhe T He MATPIAIGSIERL G Approach to
her ei Segmenigion:o e cWaewbedd Trangfarmationngins e ddathematical
becaudéorntinlogy g liragealPrasessige BBs Qq@llgbertsrrre E€lukprc433-481,
mat t eMas€elt BekkarnMemwt Y atks 18881 udes all novel and

nonobvi ous conbi nati ons and subconbi nati ons of the
gari ous \ehearandrd H eSuils,eWafdrsisédons Digital/ $pacdes: An Efficient
propepidSthfi Belsegedn hfhﬁrﬂbfbnoﬂ' heinh@blievd" NIFERI TrEnsactions of
parti @rrhyArs%:a &5 N M d&?ﬁlﬁé Wnté?ﬁ&gﬂc,@atﬂsorﬁoaed pp. 583-598,

subco atlons regarded as novel "and nondbvi ous.
Inventlons enbodi ed in other conbi nati ons and

ﬁg;:grq%n tl Of f?ﬂ? g féhé;}nc“ % ment§ Verhovsky,
cl ai nfh ‘ Gi”o bt e | Nk lglt Mﬁrcmlak
Such cM lm&exa%@g dhroyigheet Bpage cytorastay ﬂﬁ@Q&nCOded cartiers”,
i nvenPre® SPIE 0/elh&322mepi h2=h8i 8R04atimaging, Hdanipulation, and
br oadé&nalysis rawBipmotapuidds, @elldj fdrd ehissues sdppe. tNicolau, J.

t he oBngienain, . dieifpandlls ¢-aakas;riedm)y ded as

8. R. Duda, P. Hart, and D. Stork, Pattern Classification, Wiley-
Interscience, 2nd Ed., 2000.

9. J. Zhang, T. Chung, and K Oldenburg, “A simple statistical parameter
for use in evaluation and validation of high throughput screening
assays,” J. Biomol. Screening 4: pp. 67-73, 1999.

10. Image Processing Toolbox, The MathWorks, Inc.
http:/www.mathworks.com/products/image/.

11. J. Serra, Image Analysis and Mathematical Morphology, Vol. 1.
Academic Press, London, 1989.

12. | Jolliffe, Principal Component Analysis, Springer-Verlag, 2nd Ed.,
2002.
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Gpeni . Tr bo e, o CeofEfg q HCAS AT R ORyibpion of

mporfe;]/rslﬂﬁ)mdl@iic&Pr(ﬁs ,C@BPAsing6. L. Vincent, I
Mor phol ogi cal  Area enin al e
a1 4aes v A9 A0, G oLng L1 U

D_“ eb a&mnﬁy@wqﬁﬁg@é 'o?‘ﬂf@reﬂb‘?teréﬁ?cé@an@% 17.

Bi t resentation techniques
and i mag@ arpabkeas’siwcgdlm@mmomd istibutiomof values. Oﬂlhe pgpages of

FeRaridin o SBuRnao0askE erPORIsHSPhY LoRETE) £t g cells.

CLAIM 1. A nethod of calculating a neasure of the

joint distribution of reporters in biological cell
conpr iZsi ng:The mﬁib@dﬂ@fgc‘@!ml dagthargin ikgier ae& N trﬁgpr‘ters, and

A

EeRecte dRBE BrRadrotp onsisihg @i amf N*/dmmasmobl hllsmgraﬁgefsvalues of
of reporters to cal cul ate a rreasEre char ac erlfg ﬁ nSIOnaI

sereterstin dhe set ohignagas of thegane eRISCE: hBWMBPT £
ﬁb%gh’gné | na% \Zélﬁeé\lof f‘ééﬂfrfe?é ?10 et dﬁ?ﬁfa@b@ di Ge 8hATR objects,

es a s rmng at | €ast one
lan@t@@u&mersﬁlrmbgmnﬁs ofrdtrhmsgonamy betwesn 2randN efthe values
N- di nensi gnal hi st Qgram of  val ues &%le reporters in the

Sk repprignidy die get oy 98Ot 3B see Snber of

2-di nensi onal

3. The method of claim 1, wherein the step of using includes a step

of normalizing intensities of at least one of the reporter images.

4. The method of claim 1, wherein the step of using is performed

on an individual cell-by-cell basis.

5. The method of claim 1, wherein the step of using is performed

for a subset of cells in the image.

6. The method of claim 1, wherein the step of using is performed

without identifying individual cells.



10

15

20

25

hi st ograns of the values of reporters in the set of
i mges of the sane objects, 15 and a nunber of

woeasomesrs of di nensionality between 2 and N PET/UR®05/001656

values of reporters in the set of images of the sanme
objects. 3. The nethod of clajm1l, wherein the step of
using includes a step of nor I|Z|ng intensities of

at | east one of the reporter images. 20 4. The nethod

an 1ndri aulle TS 3aPh Toubiectthghd sich RELSBG TiuasE'a step
ijaerl‘mbilunQ\/Mfautmfrbhﬁth@tlﬁ@g@(s)us| ng is performed 25

for a subset of cells in the inmge. 6. The nethod of
claim1, wherein the step of using is perforned

wi t ho id f [ - 2005/

hcTT odboos, sk dtkReg, BE' ety aérfe&ﬂ{oééa%‘f\‘%a%?lg?%%g further

Wwhetudes fitiveg & empoddl tostheg N-divhewdsisnal bistgyrani, amdrovhiergin the

artifacts fromthe i e(s). 8. The nmethod of claim 2,

IRAITRS #@ PERPSErs GEMRy™PiPk her | 5 i nol udes fitting

a nodel to the N-di nensional histogram and wherein

the measures are paraneters of the nodel. 9. The

mst ho<9 of cThB' methodvod ckdim 1 hevhiereiat thedjrst reporiey is associated
artnment and the s

h
aToR ol GamBrthelt, B84 6 RARaNG Febere S e R Saavith @ protein

Qll‘ﬂé'tn%n'dlffarﬂg‘écl@é i| @edlizafior S Qe %%ll'c&ﬁﬁ@r%hbﬁ?% dridther cell
anot her cell” conpartnent under experinental

contharirest under erperimentacoaditiingi m 1, wherein the
first reporter is associated wth the nucl eus and the
second reporter is associated with a protein that can

15 chamge iTre hkgedd ohiciam 1] ameesihoplait epdrtar i Usssociated
or. nucl eus to cytopl asm under experi ment al

Mdthdthe WGUQQndTﬂ% SREOME ferariel igiassecialgtbWih @ pradein that can
G168 SLRE e POOPELRE 1 LS RIS ENY s,

seco

2 dehanperimeatdl gondlitioasi on from cel |l nmenbrane to
cytoplasm or cytoplasmto cell nenbrane, under
experimental conditions. 12. The method of claiml1,

wher eify t herd FhdERPcigim 1 SWwhePAR! Rk st reporter is associated
with the nucleus and the second reporter is associated with a protein that can
change its localization from cell membrane to cytoplasm, or cytoplasm to cell
membrane, under experimental conditions.

12.  The method of claim 1, wherein the first reporter is associated
with the cell membrane and the second reporter is associated with a protein
that can change its localization from cell membrane to cytoplasm, or
cytoplasm to cell membrane, under experimental conditions.



with the cell nenbrane and the second reporter is
associated with a protein 25 that can change its

wo ewaloizeii on fromcell menbrane to cytopl asm PGr/US2005/001656
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16
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cytoplasmto cell nenbrane, under experinental

condi tions. WD 2005/072205 PCI/ US2005/ 001656 34 13.
The nmethod of claim 10, wherel'n there are N reporters,
V\,herel n the step of using includes a step of formng

const 981 ng 0F HRRELPTRIAR 0 Phars ety Niboutersywherein

frepetdr b ubingtinelusies DbtdpTBURSMMRg tdhSegRtBhd Bistedram 8elected
number of 2-di nensi onal hi stogranms of the val ues of

freporther group tgRaSiRingo Pf .%g@sdimerlsr@a},ah@tqmp@uoé, values of

BB R 8L p i e Sk BBRRIS REPubPeb Bt #fiighsional
histbgrenpokthebiahedss of Ndpelrlersmrt the sdtep imhgesof fige same objects,
further i ncl uges fitting a nodel to the N-di nensi onal

AN tERERer idooranismel digaans eraly b sepurelet#SNAT thpealues
e t g

OF PEhondISEF}HE, 5P ofRiYos bIng hd brists: WRISEOTR bep of

dsisigr fubiiner orecludds mttmgtarmsllebtmthm[sj cprmmeldmal astogram, wherein

ersus nuclear re r er, d the C neasure .

HE Fialifcn @ perametare it o4 MORRG WharRi e nIe! i Bistraight

Whe rs%bfhérﬁ%ﬂ‘ @aﬂéﬁle“feh@@%é&b&iméﬁrﬁ% ﬁié‘ngﬂ@snﬁ@ DfThERiAfibution

using includes a step of formng at |eaSt one

af ﬂle)gaaahogatlmpé@ielrf repanen/egswsi pucleas ireponiey, éhdanherein the
S of values of reporters in the

bliﬁ%sgl?gi'%%c’%é ﬁ'gs@ obj ects, a nunber of

2-di nensi onal histograns of the val ues of reporters

in the set of inmages of the sanme objects, and a

nunber4of Hihet Hg@Esoiaim ﬁénw\ﬁﬁalm therearadkieperigre wherein
ﬁ E(bga Mﬁhg?@c ﬁQlu% gafgfé’# §{forh{‘ngé‘? gé&él}scﬁ{]eg hgﬁg@%rﬁ’&electea

frood utles gfd)lli;ild@sistlmigd@f &0 Nhdingndiorenshietjram of values of
hi st ogram_  wherein the nepasures are paraneters of th

FRR%TerS\MPI dresat QfHQ‘an@éecPf the Séﬂi%éb@ﬁtsa a RyhpgAt 21qlr,r]1gn3|onal

D o P PP TR Py B P oblects

angda@ hembee of bistograheaof diependi@nality bdiwen Q,farrdeNmftthe values

AT E5hoels: o havErabiB9%208 BeTARS WP db bETelBshpssiep o

\UJ,:E@FQ‘PE“@F’ irluddsaiitiihg & mober & thd RedifeRsRY hRRGHERT, Svherein
the measures are parameters of the model, wherein the model is based on a
straight line segment of variable length approximating the right side of the
distribution of the translocating protein reporter versus nuclear reporter, and

wherein the measure is a statistic of a subset of points in the distribution.
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the step of using includes a step of formng at | east
one hi stogram sel ected fromthe group consisting of

wa@pooslogi2oensi onal hi st ogram of val ues of repoPCEHUS20051001656

the set of inmages of the sanme objects, a nunber of
2-di mensi onal 5 histograns of3 t he val ues of reporters
in the set of inages of the Sne objects, and a

nunber of histograns of dinensionality between 2 and N

of thegrval in.the s of ] .
the safe of BarEndFBrERRh TR, Wietgroferg ar PRty wherein
ties lstete of Lisingl ingludiegtaleteg of fdrenify ditMeast @mahistogram selected
hi stogram wherein  the neasures are paranmeters of the -

rrofe| thewgerdh reanistingd&f a8 bladisrensional 18istagramyif values of
PSSO o8] ol Bl 6 8 BPRERE B, bl qrensiona

h'rsa)%@gms]f ebtbretl w%waﬁ@mm Lraﬂﬁ g@ﬂﬁﬁhﬁgeslbﬂi.ﬁhé' bame objects,
met hod of claim 2, erein the N-di nension t ogr am
A8 & nembier &4 hisoRemS Bh e Ry BEtVRRT & aibNk Stk values
: | %10 awhar C
BETpBOets Lt 58t eFfiage? St HsoBaRE) onjpbR ki the step of
vsingefdiriher inghodet fittingtehmoldet! torthes Nedirdensaad hisiogram, wherein

VSRS o 3R e R o W T B on

BRbIYPE IRl BaGMBRD of 2RribBRO HHdth dr_§xih’fa¢in|g the right side of the
classification of cells into predefined classes, and

wisgrilution ehiberttanslpeatingrirotaie repqieraessus menkraneyeperter.
such class and the class nane. 18. The nethod of claim
1, wherein reporter imges are preprocessed to

deenph@si za ey metidd6f clfMER, WS &l Bl-digfingic{(=s hiiogram is
to 25 enphasi ze sone desirabl e_featureai)s). 19. The |
MiavrsH agf ai IMidiingnsigral ¥eator HM i sue detebmiugnbarep Binssin such

ri t ahl st r f [t ;
BIASSES) ifdtel ool A, oy & HsTBrBY 6B P B Wil Hpace) is
Rigiiadbad axpdintlindhe Maiménsithel spade)dnafwisd@inmtdl®s are analyzed
wher ei n tge mfasure of position is chosen fromthe
YegR B5iapd of Rgitern 18Feraen: nedi an, and node, and
wherein the measure of variation is chosen fromthe
group consisting of standard deviation, and nedi an
devi atlifon diheumdetirodi ah.clain2 116, Tihereinhsdcbf mettaddn &, pattern
wherei.n the Hoogula.i op of ce‘ls i S . .
recognition is the classification of cells into predefined classes, and wherein

the measures are the degree of similarity to such class and the class name.

18. The method of claim 1, wherein reporter images are
preprocessed to deemphasize or correct some undesirable feature(s) or to

emphasize some desirable feature(s).

19. The method of claim 4, wherein the population of cells is
characterized by a statistical measure of position or by a statistical measure of
variation.
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characterized by principal conponent analysis (PCA) of
the histograns of distributions of the individual

wa@edos/oneesures. 10 22. The nmethod of claim1l, PBPUSIMNS/001656

nmeasures are nominal (classification) nmeasures of

cell state. 23. The nethod ofggclaim 1, wherein the

step of acquiring digital images is perforned
simultaneously for at least two different reporters.

15 24 55The 1Rt hpdh&d &' @bith 119, "hBERIA thBenlsaredlof position is
acquiring digital 1mges Is perfornmed sequentially _
thosen flopaite gronipdidnisistiagtofreyporgesmeedias. anthengds; [ged@ wherein
of claim1, erein the neasure ig at. |o .

ey e RBE] B VaBRIOT IS5 an of O 95??%§°Q§§&59u?fe3‘a”dard
‘afevfeﬁ‘i%nl ah8melish debitibA™relind higteah.ers in bi ol ogi cal
cel'l's, tonprising: providing at |east two reporters

that can be visualized in cells; 25 acquiring digital

I mges, of the reporters in cells.in.at t :
condi §1ons; [ %ﬂgh 8? qlﬁlggtiﬁv&eﬁ%ﬁsFﬂoeﬁjf%pdm'{%? cells is
Shatadtbud®mbyoprindipar tempoabbEanalsis dPCA) atfetheedistiogmms of
characteristic of a condition of the cells; and

sligttibdiions of thedndividugkeel] me@gHErf-at ed on cel | ul ar

measures in the at least 30 two test conditions. WO

2005/ 072205 PCT/ US2005/ 001656 37 27. The net hod of

cl ai m&Z6, Vihes einetidte oft epaioh  Uisi wherait| okesuses areageominal
anal ysi s nmet hod dependept on a set of nunerical

delieshidicatian) @8@3‘#"]@2 #@?Eé@tﬁf claim 27, wherein the

val ues of nunerical 5 paraneters are chosen to

optim ze the quality nmetric calculated on cellular o
measur® i riMéenethobieals tlaimo1; edtereipnthe istars of 2anquitieg digital
met hod ,of ¢l ai m 26 erej he, st ep. of ' jnel S
AiacRs s petiannrt st Earodsh nrs ey el Tiraft 1BSrES

and the selection of the 1o nethod that gives the

best quality metric on the at |east two test . .
condi t24ns. T3 mathednef laimof, avharain2the wirp &f ragawiring digital

e S By B s g ppberobiene

25  The method of claim 1, wherein the measure is at low

magnification.

26. A method of calculating a measure of the joint distribution of
reporters in biological cells, comprising:

providing at least two reporters that can be visualized in cells;

acquiring digital images of the reporters in cells in at least two test

conditions;
using an at least 2-dimensional distribution of reporter values to

calculate measures characteristic of a condition of the cells; and
providing a quality metric calculated on cellular measures in the at least

two test conditions.
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15 31. The nethod of any of clains 28, 29, and 30,
wherein the selection is perfornmed on one set of at

wo e@sn720® test conditions and applied to ot hP€T/UBEN5/001656

conditions. 32. The nmethod of claim26, wherein the
test conditions are di fferent37 20 concentrations of a
reagent. 33. The nethod of claim 32, wherein the
reagent is a candidate drug conpound. 25 34. The

et hod,-of Gtr?é méﬁod ‘M‘F%TeﬁhPZé hﬁ/ bRsih 8L ! o‘?@%_ir‘?dAﬁ\cludes an

di fferent a| n process

nmgechrra‘lysb@metlnw depgn@entlomg%mt dmumeabalqnarakneieﬂst S
into fragments containing individual cells or
clusters of cells, comprising 30 performng a

wat er giged t'ff?{%@ﬂ’fé?ﬂt io@n?@irr‘na@ Wﬂﬁefnh%e'\?alﬁes of numerical
conbi nat'i on I mages of at Te€ast two report
parameters are chosen to optimize the quality metric calculated on cellular

measures in the at least two test conditions.

29. The method of claim 26, wherein the step of using includes at
least two methods of calculating cellular measures and the selection of the
method that gives the best quality metric on the at least two test conditions.

30. The method of claim 26, wherein the step of using includes the
step of selecting image subsets that give the best quality metric.

31. The method of any of claims 28, 29, and 30, wherein the
selection is performed on one set of at least two test conditions and applied to

other test conditions.

32. The method of claim 26, wherein the test conditions are different

concentrations of a reagent.

33. The method of claim 32, wherein the reagent is a candidate drug

compound.

34. The method of claim 26, wherein the test conditions are different

time points of a certain process.

35. A method of paritioning an image with biological cells into
fragments containing individual cells or clusters of cells, comprising
performing a watershed transformation on an image that is a combination of

images of at least two reporters.



