M croscopy Field The present invention relates generally to m croscopy.
More particularly, the present invention relates to nethods and apparat us
for i mgewpnomagsi7ag of m croscopy inages in order to proTiEPeOI0MRINCYed
spatial position identification. Background In mcroscopy, it is known to
form high resolution imges of arrays of spots used in, for exanple, a

| arge scale reverse transfection small interfering ribonucleic acid (siRNA)
array. However, a key requirenent in inmaging such an array is the accurate
and precise alignnment and regi stration of many inmaging |ocations with array
features (e.g. many thousands of si RNMUEKOSE@DY Various approaches have been
taken to address this requirenent [1-13]. One approach is to accurately and
precisely pogj.jd on the spotted array relative to the boundaries of an array
plate and acquire inmages at a series of defined coordinates in order to

mat ch i magi Nfhd peatiitomentibt nelates gynesgpdt ©. midovseoey., Meaxp eaitieneeyt thequtsenhas
shown that variations in pl t% di mensi ons .and geonetry, var.iations in
geomet ry of PHEAResdeiediats ehd AR {l gaa o E 1oAY TGRSR B AR
cunul ati we efrRa& th PrdviROendréyARPhtid1§85Bibh #dn@RcAfIn0Ss the array. Hence, to
allow correction for feature-imge registration errors, fiducial marker
spots may be used to allow |l ocation of array features by imaging with

subsequent aBidkgramt of feature-image registration follow ng corrective
stage novenent during inmaging of each feature. Although such an approach

can provide . | Si. r e !
approach is]%p§§#£%§$ﬁéé%&%@gaiggﬁﬂgggg}%ﬁ@?ggggg§§%%%8§%%§§{q%%inﬁﬁqm
for example, a large scale reverse transfection small interfering ribonucleic acid

(siRNA) array.

10  However, a key requirement in imaging such an array is the accurate and precise
alignment and registration of many imaging locations with array features (e.g. many

thousands of siRNA spots).

Various approaches have been taken to address this requirement [1-13]. One approach
is to accurately and precisely position the spotted array relative to the boundaries of an
15  array plate and acquire images at a series of defined coordinates in order to match

imaging locations with array spots.

However, experience to date has shown that variations in plate dimensions and
geometry, variations in geometry of the array and variations in stage positioning can

introduce cumulative errors in image to spot registration across the array.

20  Hence, to allow correction for feature-image registration errors, fiducial marker spots
may be used to allow location of array features by imaging with subsequent alignment
of feature-image registration following corrective stage movement during imaging of

each feature.

Although such an approach can provide the requisite accuracy needed to image the
25  array, such an approach is slow. For example, each corrective stage movement may

add approximately 0.2 seconds to an image acquisition time and, where many



add approximately 0.2 seconds to an inmage acquisition tine and, where

manyt housands of such inmages are required, the total tinme to inmage the
whol e ar emoabigureivsan array can becone prohi bitively | orgI/EPRO10050MT7E
US6990221, Bi oDi scovery, Inc. ("Autormated DNA array inmge segnentation and
anal ysis"), describes a nethod of segnentation of a single frame image of
DNA spots using a user defined grid correksponding to a known nunber and
arrangenent of spot features wherein the grid overlaid on the single inmge
i s subsequently shifted and/or warped to bring the grid_points over regions
of highest ihedsads 9f sushumsgesoie sapwisdi g tole! tme taipage pathole ¥ss 986677,

Ni | es Scient}] iﬁﬁyJaﬂ%euﬁﬁ@?&ﬂﬁﬁﬁvé?ﬁﬁln] and conputer code for finding
[ gl ca rag

spots define n-bi ol ogic m Cr oa s"), discloses nethods for |ocating
m croarray spots in a single inmage wherein the array features are di sposed
in regul ar rleodratdgul ar groups of spots separated by isolation regions which
are free of spots. Inage processing and segnentation is applied using a
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US6789040, Affynetrix, Inc. ("System nethod, and conputer software product

for specifyiusipea secirisfingd arid gonespandingde realnewn, nueles ranp esrapgeragit Hf spot
manager and scanner, contyol .appli,cati on. The arrayer I t he
orinting of a0 Pl G a8 BReifionalle s; PRRRS P RRGHEY AL ior

| ocati ons aswaspyd OBl thateeil polite oseaRBRIMs 00 highedt iaepdityCailirroreseindés t he
stored | ocation data and scans the array to i nage the defined | ocations.
WO20080656349 thkeodFa SPPRe Philips El ectronics N V. ("Method to automatically
decode mcroarray inmages"), discloses nethods of renobving optical scanning

10 US6980677, Niles Scientific, Inc. (“Method, system, and computer code for finding
spots defined in biological microarrays™), discloses methods for locating microarray
spots in a single image wherein the array features are disposed in regular rectangular
groups of spots separated by isolation regions which are free of spots. Image
processing and segmentation is applied using a frequency filter wherein the frequency

15  corresponds to the spacing of the isolation regions, this process allowing the
identification of the isolation regions and hence locates the positions of the groups of

spots.

US6789040, Affymetrix, Inc. (“System, method, and computer software product for
specifying a scanning area of a substrate”), describes an arrayer manager and scanner
20  control application. The arrayer manager controls the printing of array spots at user
defined locations and stores the spot locations as x,y coordinates. The scanner control
application receives the stored location data and scans the array to image the defined

locations.

WO02008065634, Koninklijke Philips Electronics N.V. (“Method to automatically
25 decode microarray images”), discloses methods of removing optical scanning
distortions from a single microarray image by iterative adjustment using corner and
spot line detection to rotate and/or warp the captured image to correspond to a

predetermined grid location of spots to allow intensity measurement of spot features.



distortions froma single mcroarray inmage by iterative adjustnent using
corner and spot line detection to rotate and/or warp the captured inage to
cor r esportoto10a7priedet ermi ned grid | ocation of spots topalriEreotons@Asi ty
measur enent of spot features.US7359537, Hitachi Software Engi neering Co.
("DNA mcroarray i mage anal ysis systent), describes a mcroarray inage
anal ysi s programwhich automatically identifies and flags faulty array
spots in single nicroarray i mges according to | earned features. US7
130458, Affymetrix, Inc. ("Conputer software system nethod, and product
for scanned Uﬁﬁé%‘)féﬂq Ghtehit Syftwaﬁesﬁn&;wém@eﬁﬁoé@wér M PRATYAYN G285 a PRV SES

grids to a siLngle,merealtay hl?}@g%léyq? rgéé] a%aalsfs g hfl WﬁxcﬁpB{;ﬂoﬁ%thQ# he

array and each grid position c the pres of a spo

event of gri @dehtdEatdandritign Giulyoimtagispodgn smgtesnmdmhrtalyomagesgarcmiﬁmgay l&mned
applied to éfount for deviation of the array spots in the inmage from

predi cted poSFH ons. US20040208350, Rea at al. ("Detection, resolution, and
identification of arrayed el enents"), describes an i mage anal ysi s

wor kst at ion {5971 p3kY Alf)thedPl 116&! (“EBMPufet |sHTt@5feaé5§teYW'rﬁélh&P PRA"Jrsagefbmar e
met hods for rotating imges, finding i mage edges "and applying a

pr edet er mi negagndddinfage aﬂlgtempnﬁ’pohse‘lqsﬁs metieds iforgarmlying edalgdie guds & a single

US6673315, Bi oMachi nes us for acce site on
b o) oe eal MR AT Ber Wil DEE 23 GoBREF G el SR TR A i
mar kers for dHeekdiUfop @epiefenc@©@hispet. e e @nObf gﬂiﬁ RICBSEnsQIdt Borstbidsi eols
supportlng a biological assay. The apparatus may conprise nmacro and mcro

i mges used additiogehgiidsymay boappligddo peseant fon drepson plelsp aay sityin thegsss313,
Uni ver si I ia ("Method and aut omat ed system for creating
1 QrpEribahy bR,

volunetrlc escri bes means for producing quantitative
vol unetric data by conbination of planar data sets derived frommnultiple
anal ogue i nBIgS:st(BlDQ@Sﬁé@ tHeraoatghll usPetattidn, dusdlatiomuark nipnti Dedtiandefr axeykd r om

t he anal ogue |s aligned in
g Q descri esgan image analysis workstation for analyzing optical thin film

eleme
arrays which supports software methods for rotating images, finding image edges and

applying a predetermined grid for the purpose of measuring arrayed elements.

15 US6673315, BioMachines, Inc. (“Method and apparatus for accessing a site on a
biological substrate”), discloses the use of global and local fiducial markers for the
purpose of locating regions of interest on a substrate supporting a biological assay. The
apparatus may comprise macro and micro images used to identify global and local

markers, respectively.

20  US6826313, University of British Columbia (“Method and automated system for
creating volumetric data sets”), describes means for producing quantitative volumetric
data by combination of planar data sets derived from multiple analogue images aligned
through use of fiducial marking. Data derived from the analogue images is aligned in
two dimensional space using the fiducial markers and used to populate a three

25  dimensional volumetric data matrix.

US6798925, Cognex Corporation (“Method and apparatus for calibrating an image
acquisition system”) discloses the use of fiducial marks for alignment and calibration
in a machine vision system. Fiducial marks may be used to correct for rotational or

translational variations introduced by the imaging process.



two di nensional space using the fiducial markers and used to popul ate a
three di nensional volunetric data matrix. US6798925, Cognex Corporation

(" Met hod wocomppar7at us for calibrating an inmage acqui Si PCOIEPIYISSIUT)

di scl oses the use of fiducial marks for alignment and calibration in a
machi ne vi sion system Fiducial marks may be used to correct for rotational
or translational variations introduced by4the i magi ng process. US6362004,
Packard Bi oChi p Technol ogi es LLC (" Apparatus and nethod for using fiducial
marks on a microarray_substrate” describes the use of fiducial marks on

bst : :
mi croarray sUﬁé%Qé)pé{sP%ﬂ#é’FdeB?Pq}W}éEﬁ@%‘tﬁ@%b_&?i Gheryrivs med esthed Bre'sitted to
appl y 1 mage ét?c?a‘i'IﬁéﬂkgrbnaQqni%P&aﬂéy%pbst{]a?e’? ALdtipg Heeddl c(?jfﬁ GalDRhMEES, al |
fiducial marks i n inmages acquired’ of the sane region at different inaging
wavel engt hs m@resradyosubegates evhendic thastoasd $gatisnsaof desmarkages wed do fdpehyent

fluorescent markers. US5940537, Tamarack Storage Devices ("Mthod and.
system for cOHSENSEEIANYY Ft rQRitetd MEmBI4R @Pﬁl%wgﬁ?erwgéil"%ucm?%%& _
means usisng it Aueh@fuilBol $hd AmCREIRCE NGrBnVitHabflo¥w AleldnBRYR0 4k 36 Eidi@ns i n
two di nensi onal” i1 nages. Location of fiducial poirnt's corrésponding to a

known | ayoutmwiredmiay spntsiammgeiraddesns diffotent flopresewat piadgror ot her
mani pul ati ons of the image to bring the fiducial marks within the i mge

i he k i ng i i i on. US20020 15090
Stuel pnagel Lo %5 (- Rertgis sl BPverS Baeibat 8bd S JoF SREBATSREE dor oo
arrays"), desefichfsdiktRGn¢F idadestN dliyttdsss MbaksARGQT Qlci# Mk Lbr abieyiHe a

Arrays conprised beads randomy distributed on a surface which has at | east
one known fidtieivap! HardeedisioniansiisriwoTdimenpipayl inpgehdepsdtionhaf fiducipbpeifsons

of the r@and i i hu q r. g [.S:..gr

gener at A r aopeeingis B BlonFASRR Sk R G, A0y ARG XoiBip intbuber |

t hen exposednimp@ati@adytie amdbet foebratg #ye fidageldntadksdeiteait tHehienagnahiot ¢he The
analysis grid is applied to the analyte .inage to determ ne the anout of
anal yte si gridC™ErRRhsorerinsimses (59THage at the positions described in
t he

US20020150909, Stuelpnagel et al. (“Automated information processing in randomly
ordered arrays”), describes imaging and analysis of random orientated arrays. Arrays
15  comprised beads randomly distributed on a surface which has at least one known
fiducial marker position. The array is imaged and the locations of the randomly
distributed beads are recorded and an analysis grid generated recording bead position
relative to the fiducial. The array is then exposed to an analyte and the array imaged to
detect the analyte. The analysis grid is applied to the analyte image to determine the

20  amout of analyte signal present in the analyte image at the positions described in the

grid.

Summary of Invention

The present invention has thus been devised whilst bearing the above-mentioned

drawbacks associated with conventional microscopy imaging techniques in mind.

25  According to a first aspect of the present invention, there is provided an imaging
system for providing improved spatial position identification of a plurality of
microscopy images. The imaging system comprises a light source for producing light,
a test plate containing an array of spots to be imaged, a condenser for focussing the

light on the test plate, a translation mechanism for moving the focal plane of the light



grid. Summary of Invention The present invention has thus been devised
whi | st bearing the above-nentioned drawbacks associated with conventi onal
m cr oscopyoi20egi7ayst echni ques in mind. According to a fipcstErasipesio7of the
present invention, there is provided an inmagi ng systemfor providing

i nproved spatial position identification of a plurality of m croscopy

i mages. The i magi ng system conprises a |ight source for producing light, a
test plate containing an array of spots to be inmmged, a condenser for

focussing the Iight on the test plate, a translation mschanlsmfg novi ng
the focal p|%@.l?éw6ft0 fh?ée$tulﬁﬁ?ar9e¢%@thw@m prafreaed tg1aggwre ik e Pﬂ%lyéltem

confi gured tana%%Q Hohere gpa% Vg abdd, yanﬁfaBQHagé BﬁJceés #fer %Jé}z{b Qﬁ%ééé? {RPOL S,

and an i mage processi ng device oper abl roce l'ural ity of i nmages
t o gener at e platahity nflimadesng gehﬁaﬁ”eedaﬂid mdeaoapnglthe mizstn@:f pdshtens e$ tthqoteat platend

thelndlwdual | enents c risi t rra the .i magi'ng system
Accordi ng to g%HBHﬁd%gﬁggf ‘?%%m XYHW%H& BHRAFRSFRIGE provi ded a
test plate for use in an inmaging systen1|n accordance with the first aspect

of the prseseRtcdrdiMeRs !a@ébonﬁ\%%cﬁib%eE)?es@nttlhbérﬁmﬁsﬁﬁfétls Bfovidi@ PlegsARE for
invention, there is provided a nethod of spatial Iy re%l stering a plurality

of micr oscop}seumralgersaglfm@ysm hotkceniaped wisk ther fpsesssedig! thepreseal inygntih.
original inmages of spots to generate data |nd|cat|ng the relative position

of a test p'ii‘é Brdthd %hf?lofi at’lﬁg!t’b[?l} ﬁa}?"s”ﬁt r‘{tﬁf'?ﬂr‘%?e?:ggl%@‘&ﬁ“at eﬁfodt&e

present invention,“eac

processed tcspaeﬁlyceeglﬁermg]fa)rpmf&hlngnoﬂ(micmtoﬁmemeg@ arteo mpolsdd eompﬁg@ may
be formed fromthe plurality of processed reduced informati on content

i mages, the MHPSESHAE 3 Bb’éﬁli%n(’fof’n%}flall HBR5S i eSOl i isaneTater ft Indiciifg the

conposi tjg | MBYEy sul?&q bidﬂ%gﬂrﬁlér‘]@g\ﬁt@?ng%?ﬁéﬁ%%gt&@“ ng the relative

position of a test plate wt tem generated fromthe
spatial location of the at |east one fiducial nmarker. By generating data
i ndi cati ng tlhevarehateimbodpogits iodthopresentemventicat eavh ohithe ahiralmgingiginal

images may be processed to reduce the information content therein, a composite image
may be formed from the plurality of processed reduced information content images,
the spatial location of at least one fiducial marker in the composite image may be
15  identified, and data indicating the relative position of a test plate within an imaging

system generated from the spatial location of the at least one fiducial marker.

By generating data indicating the relative position of a test plate within an imaging
system, various aspects of the present invention are able to compensate for cumulative
tracking errors, for example, of stepping stages and to more rapidly identify the spatial

20 position of microscopy images.

Additionally, various embodiments of the present invention are able automatically to
provide improved spatial position identification without the need to add complex and
expensive hardware modifications to conventional imaging systems, and without

adding significant extra processing requirements.

25  Brief description of the drawings

Various aspects and embodiments of the present invention will now be described in

connection with the accompanying drawings, in which:



system various aspects of the present invention are able to conpensate for
cunul ative tracking errors, for exanple, of stepping stages and to nore
rapi dly iwlenvidorot7ee spatial position of mcroscopy i mges/ErAadiosioonal |y,
vari ous enbodi nents of the present invention are able automatically to
provi de inproved spatial position identification wthout the need to add
conpl ex and expensive hardware nodifications to conventional inmaging
systens, and w thout adding significant extra processing requirenents.

Brief description of the draw ngs Various aspects and enbodi nents of the
present i nveﬁl@ﬂ@nl §HaWs oA oS tERt B8 AToRCEEANE ARG RIS AP YAERERD RNy ng
drawi ngs, i N WBIGA: L AHLE AbSAMNE Bk TRALNGyayFhAEM for producing and

anal ysing m croscopy 1 nmages I n accordance w an enbodi rent of the present
invention; Figure 2 shows a nethod for acquiring and processing a plurality
of m croscopyigiragetown aawtiadafweacguirmgvard pusesspeat guamhdy efffvadiosetys of

the present invention; Figure 3 shows a prqcess worKkfl di agram i .
accor dance WPFﬁe%QﬁW8ﬂ§mgﬁﬁﬁg?ﬁﬁﬁﬁ§aﬂ#”?ﬁ@'ﬁF@?gﬁ?aﬁﬁgéﬁ%Pﬁﬁgnﬁ?ﬁﬁﬂgnﬂ
shows a high resolution inmage of a single spot obtained using a GE IN Cel

Anal yzer 51008653 SORAT A dividHkMaw  dPtSarh 86 HERAIANAE QFifieddrRils €RBb&RIenisTBIES
obt ai ned therefromin accordance with an aspect of the present invention;

Figure 5 il lafghe present tnveohgosi te i mage formed froma plurality of reduced
information content images in accordance with an enbodi ment of the present

i nvention; i 6. S tur or. di S i
accor dance 31”51 g‘ﬁxléaéﬁ% Soad;l%1 B\rlﬁ\%soo th%f]‘%&h rgtaog%nslt’"g%l%%ﬁt(}bg%& ﬁésg%ggﬁdgﬁs]grelupti on
Fi gure 1 shoawalger il 00@Mngpaysisemiti O8ridisrreduced icfongationdc ot yiahgey obiadteds copy
i mages in accor%anqe wi th an enbodi ment of the present invention. The
i magi ng syst8HeTon, ingaataics with %%Spﬁ‘ité’éﬂéedﬁ%?’?ﬁ{)‘ingﬁmi%?;f or clarity,
conprises a light source 102

10 Figure 5 illustrates a composite image formed from a plurality of reduced information

content images in accordance with an embodiment of the present invention; and

Figure 6 shows a feature coordinates map produced in accordance with an embodiment

of the present invention.



for producing light 120a. The light 120a is focussed by a condenser 104
onto a test plate 108. The test plate 108 may contain an array of spots 109
to be i meyeaoioliiei7sondenser 104 can focus the |ight 120kciEraobosal3 pl ane
at the test plate 108. The test plate 108 may be provi ded as a consumabl e
product, and the spots 109 m ght contain various materials that are able to
interact with certain types of cells (e.g/ mammalian cells). In one

enbodi ment, the test plate is a new type havi ng di nmensi ons of about 80mm x
120mm It differs fromconventional smaller scale plates in that it is

| arger in siPetadedidesadptional | er spots. In such conventional smaller scale

pl ates, where the nunber of spots is small and conpatible with printing in
a single blogk, the of,S;,aki:si ' FuPBPLACESSvahE SieRYst nd
this coupl edﬁ%ugehlflt%lg%sa{en 6@5%12%&2?&@%(?@ f%g%& V\ﬂ%re spotydi%rret ers %Jy?s "
i mage w dt h MJagas nwscordemge ngitiatan pmebodehémed thogirtdeonsnvehiidre Sthiel imaginlgl i ng
the image with cells overlaying spofs. In _caontrast, one.probl em addressed
by aspects ofYStehe! é"(sf“é%tISilﬁ‘\lﬁé‘%feidoﬁqhﬁ{%@lﬁagyaﬂ’féﬂarft%ec%ﬁ S pglgnLioyEce {03
requiring ”“k&lﬂhﬁdﬁgﬁgﬁtﬂﬂhnting by a spotting robot (which leads to
deviations froma perféct grid) and when the dinensional tolerances of the

device are | arge enough when coupled with the small spot size required to
fit the desiFlalighinBes isdbcuspast by & newslensrs 18¢ antosbicst ated 080 Thakest plate k08sk of

aligning i mgin nd spot positi.o ifficult. . F X e, AN . vagi
preferred en’%%lgﬂlitﬁ’fls%np?rﬁ@f)gﬁﬁgogs ?Bg t%ljﬁtlgla%eds't ?g(ﬁ "0 Segrrrlaq“l C%nﬁ{ogr%%rei ng
ri bonucl ei ¢ iagit d2GtsilRNRkall flake fahc tRBplhicViaBe THRrtERpMhtd eo®mayibt providel dss
that are provided in a solution that 1s fl ooded over the spots_ 109. gn
vari ous embodfanswnable peapct med diherotot 0% meght spaey vemoue artgilsnhalsashici n a

singl e array,, : - S - be a large array
having,q'or %Qéﬁ%?§§ﬁ§?%§ﬁ?h&%@é%&*?%%?d@%%§§%8?8%%5(e.g. 22,528), etc. of
such spots 1009.

In one embodiment, the test plate is a new type having dimensions of about 80mm x

120mm. It differs from conventional smaller scale plates in that it is larger in size and

has smaller spots.

In such conventional smaller scale plates, where the number of spots is small and
15  compatible with printing in a single block, the errors arising in the spotting process are
small, and this coupled with the use of larger spots (e.g. where spot diameter d is >>
image width W) allows imaging at pre-defined positions while still filling the image

with cells overlaying spots.

In contrast, one problem addressed by aspects of the present invention occurs when the
20 array is large requiring multiple block printing by a spotting robot (which leads to
deviations from a perfect grid) and when the dimensional tolerances of the device are
large enough when coupled with the small spot size required to fit the desired number
of spots into the available area to make the task of aligning imaging and spot position

difficult.

25  For example, in various preferred embodiments, the spots 109 contain strands of small
interfering ribonucleic acid (siRNA) that can inactivate certain genes within cells that
are provided in a solution that is flooded over the spots 109. In various embodiments,

many thousands of such spots 109 can be provided in a single array. For example, the



In various enbodi nents, the test plate 108 may conprise at |east one
fiducial marker (not shown) provided to aid in aligning the test plate 108
wi t hi n t woi2omgi7agssyst em 100. For exanpl e, one or norePpPCUEPMIBAS@YRS NAY
be provided within the spots 109. Such col oured dyes can be identified by
various inmaging systens in order to derive data relating to the relative
positioning of the test plate 108 within & he i nagi ng system 100. For

exanpl e, the inmaging system 100 nay be a GE IN Cell Analyzer 1000(tn) that

is commercially available from GE Healthcare Life Sciences, Little

Chal font, Budkdhefhmeshi (Panaybe g larggngrayhipeingcion csgaprieoutOWeorsdf0. cHAMRBI s to
image the te e r el may thus be dedicated to

i mgi ng col o%%oégéﬁe(ﬁu%?’ggg)%%kgfisu%grsg(gltng% in various of the spots 109 in
order to obtain data relating to the positioning of the test plate 108

wi thin the ihagiriogs sybbéimehB) theltest plamdiof gnsy sdnepnistC less onec il nsarker
detector system 112 and g%ransl.ati.on, mechani s

: t ... Th
translation ¥etFRMTYMTPYIebHE HguPedishge %e_S'f At SR Tom | é‘qafs"g‘ﬁt?yi%‘b
relative 40 {dfe f&ShaRbRl 8ndBBniofe Bolofed WYL By bRGrERIL RidiEmd Ao Nodhe

X-y plane). This enables a plurality of ifages'to be acquired from
respective oSudhh®loured diychuedn spotestifiod by Addots omaging systdves tr endst &t fderive

mechani sm may al sQ. be erabl e to. .nove e tes llate .108 .in t he
z-direction ‘iaﬁ%(ﬁiat}% t&?*&ﬁﬁza%f e pf)tq)lltm@){ﬁr?% Iﬁée teftrPt]?)tEdgé V\flé’%meﬁﬂla@ﬁl@ SYPEFs 109
into focus. four Fegkkahple HbadhdBRtFster@NDY nRYDSAOE INCdINRaAd @t 000 the. The
i mages acquired are of sufficient ma%nl fication to resolve cells and

sub- cel | ul aris nprpietcisdly. avgitable Heors ubEe dtealticarqy Ioé | Scagnsrssz bittle 00bEHaH,,
Th . 20 obi 66t iva. . Lhe f1el . yzer SR
srmt 1 or ehans Wb aRiE b R, bR b S Ol S, Al S0 e ALY |

al so work foslateoM8r QasveslonRgharne atayahud Badedigateé t@ .imaginGicoldirék filucial
Anal yzer 1000(t using a 4x objective to inmage 4-6 spots/imge. For such

enbodi ment s ,m@nkgr)smra@ég% 13 yrrigswpls thei spgist HE netges o abAtadHtagelaiee thilisysi ng

to find positioning of the test plate 108 within the imaging system 100.

The imaging system 100 also contains a detector system 112 and a franslation
15  mechanism (not shown). The translation mechanism is configured to move the focus
of the light 120b relative to the test plate 108 (e.g. by moving the test plate 108 in the
x-y plane). This enables a plurality of images to be acquired from respective of the
individual spots 109. Additionally, the translation mechanism may also be operable to
move the test plate 108 in the z-direction shown in Figure 1, for example, in order to

20  bring the spots 109 into focus.

For certain embodiments, only one spot is imaged at a time. The images acquired are
of sufficient magnification to resolve cells and sub-cellular morphology. With the
current GE IN Cell Analyzer 1000™, this means using a 20x objective, the field of
view of which is slightly smaller than a single spot. However, various methods of the
25  invention would also work for lower power magnification imaging, e.g. on GE IN Cell
Analyzer 1000™ using a 4x objective to image 4-6 spots/image. For such
embodiments, the process for downsizing the images, montaging and analysing to find
the spots would be the same as for imaging of a single spots, but could use fewer

images to cover the whole array.



the spots would be the sanme as for imaging of a single spots, but could use
fewer images to cover the whole array. An aperture stop 106 is optionally
provi ded wetzamarrot7/Be | i ght source 102 and t he detector ®gstEPE1dDLR0073 he size
of which may be variable. For exanple, various differently sized novable
apertures may be rotated into position or a continuously variable iris-type
di aphragm may be provi ded. | nmage contrast9can be controlled by changing the
aperture setting of the aperture stop 106. Focussed |ight 120b passing

t hrough the aperture stop 106 passes through the sanple test plate 108 in a

transni ssi onANnAYTHE #eR e 00Esengentlly pantdetobdwarttthcaie saures 1 Ovaged the

i nfornmati on i terial, .adi i.ndiwvi d tq.1 i

col ected byt Sptb e I ARt 81,061 30601 (18 88 DK THEH cRRthic Paribss
system 112, aifidrdnslyused movibde mpenros ingiyniad rotatedanfoopositivat os podoni@@ously
Vari ous enbodi ts. of t hods of the present invention are, i nde nt of
the i magi ng VSRS W-tﬁggglap%r.a&?l @ﬁwedgﬁwés%r AnasHFeHrast sais b §e1?t§<ﬁggfby

reflectian 9&%@&%1&6 fﬁ%’cy@se{tﬁ{g@ﬁ'ﬂke ﬁ%ﬁt’u)/ezﬁép 1§90(tm imagi ng an

epi - fl uorescence e be used, with both the fiducial marker spots and
the assay signals fromthe cells being imaged at different excitation and
em ssi on wavietasgptdHight H3We pessinglibroagh shvendriung stop 106 ipassep tioovgh feesampie a

m x of i magin d bei ng depl oyed rovi ded .t hat e not .interf.ere.
For exanpl e,tegtpqg%ﬁl%é B HESLHI %agﬁég—’emgg%oﬁﬁef%egi @%%teﬁ%bcd’ﬁ%d‘fl% (‘i!f"\ll1 uci al
mar ki ng and i@gdetbRehatidiEreldtidab ahatdmpd] kigljdo¥ntab s@riBant®ial spotalbes talegedor
transm ssion geonetry, while detecting assay signals by epi-fluorescence.
The det ect orby%sgseigstivedenss] hadaforessed 130¢ antedha defpeipasystam i 2.1and 1s used

unprocessed, L ai-paly: 1 r test plate 108. The detector
systemi’1 2 itgqg s%ﬁg%gl?g lf%/agggﬁf){rgetc?g?%omaéﬁ i mge processing device 114 that
inturn is operable to process the plurality of inages and to generate data

i ndi cating tVYaiowl abbodmpatsidfi mathofls biight¢ @s¢sepl atventiddBansi inkdeperidhet dHrégi ng
system 100. .For. exarq)l ? tge datha mal}/ rovi deil one or.nore .
imaging modality used, e.g. they ca o;g)erate with transmission or reflection geometry.

For GE IN Cell Analyzer 1000™ imaging an epi-fluorescence mode may be used,

with both the fiducial marker spots and the assay signals from the cells being imaged
15 at different excitation and emission wavelengths. However there is nothing in
principle to prevent a mix of imaging modes being deployed, provided that they do not
interfere. For example, it would be possible to use a non-fluorescent dye for fiducial
marking and to detect the fiducial marks by absorbance in reflectance or transmission

geometry, while detecting assay signals by epi-fluorescence.

20  The detector system 112 is operable to acquire a plurality of the unprocessed, or
original, images from the test plate 108. The detector system 112 is also operably
coupled to an image processing device 114 that in turn is operable to process the
plurality of images and to generate data indicating the relative position of the test plate
108 within the imaging system 100. For example, the data may provide one or more

25  spatial position identifiers encoding two- or three-dimensional position coordinates for
various of the spots 109. Alternatively, or in addition, the data might define a spatial
transform that could be applied to all spot coordinates to identify their position. For
example, such a spatial transform might define lateral displacement (in two or three

dimensions) and/or rotational misalignment parameters that can be applied to the spot



spatial position identifiers encoding two- or three-dinensional position
coordi nates for various of the spots 109. Alternatively, or in addition,

t he dat a woghto/def7sne a spatial transformthat coul d berapmre@diosm7al | spot
coordinates to identify their position. For exanple, such a spatial
transform m ght define lateral displacenent (in two or three di nensions)
and/ or rotational msalignnment parameterd0that can be applied to the
spotplate 108 to transformthe measured coordi nates of the spots 109 into
perfect alignment with the imagi ng system 100. The position of each spot
det er ni ned frlon 40&Itpsiransddrnt Hee despasicd eepaidinatssed B»@a@@ts d0Peind® gericet t he
i ndividual fyll resolution i i order to achieve analysis of the
cells overl y%i?%m%eﬁﬁwg}r%&%eyn%a&%%% nic(g),' for spot N at position x,y it is
preferred to determine in which full size imge(s) spot N centred at x,y
occurs (the Bpopositon dfcaehtpdtaletermimedrieom apgesionf tpalowgsieed arontdgead g

i mge, depending on the degree of error in the arr ) ce the i.mage(s)
are det er mi nédeiisdyio dhgindaiduad ﬁwléwafwtlﬁfldmﬁé%&v %{ﬁ%‘) QricgieEs aB%Y?lﬁPgﬁEst
for anal ysis fd : ir 0 [ Tl tiers LAY gpot,
R A K o S i S e e e T A
retrieved anittereynd@n tvhichdfullmtize Bnage(w)lspoti Nagetrbkhior,g canab (fhiesspoThayrhenrber

of full resolution inmages retri evede:;mg}r anal.ysi s .f ol |.ow ngtatge

det er mi nat | GAUETY Q4ORC TPRRe Pt EEAHITAR e HeRES SRR PHE A Hr £°8F° PhE Yssay
and anal ysi sy (FO5rr&20RkE thel ithakf8) Sk MRIBRIncAARE M BE ettidyedtinfh MeMoBPAid
falls entirely within one inmage and (b) only one fluorescent channel is

used for ananyaiesof mteestifor an defmedaptsodogyirele obavivalsnediemgies 4the onl y
one high.resolution jmge respondi ng t he_ det er m t tdan is
retri evgg ISHO%rfr&F%tr%o?}p’%éx%g%‘S e ?t 2> * ré(;rtﬁeanaongi ‘b‘g‘ﬁgjstggg‘“ ? gegvaégge;t}slg\%e\%o or

nor e i mages,andhesehdMiee itthari@einfdgedepseentmsichannel is used for analysis,
or a conbi nation of these scenarios occurs, then the nunmber of inages

retrieved may range from{wo (spot on two inmages i ngl e cha | .analysis
or spot on ﬁ@ inpagper  aliafulle Hﬁ??ﬁ‘&onan‘g}aﬂgﬁ sFtfeyed i‘tre Haliyﬁ‘ﬁgggﬁ’(‘@ﬁ%t t%;n
four images, et ain£B3AYPEAH spot position will depend on the nature of the assay and analysis.

For example, in the simplest case where (a) a given spot falls entirely within one

15 image and (b) only one fluorescent channel is used for analysis (e.g. in a nuclear
morphology or DNA content assay), only one high resolution image corresponding to
the determined spot position is retrieved. In more complex cases, e.g. where a given
spot traverses two or more images, where more than one fluorescence channel is used
for énalysis, or a combination of these scenarios occurs, then the number of images

20  retrieved may range from two (spot on two images, single channel analysis or spot on
one image, dual channel analysis) to sixteen images (spot on four images, four channel

analysis).

Additionally, the processor 114 can be configured to control the translation mechanism
(not shown) to move the focal position of the light source 102 relative to the spot plate
25 108. The processor 114 may, for example, be provided as part of a computer system

appropriately programmed to perform such tasks.

The imaging system 100 of various embodiment of the present invention may thus
comprise a microscope with one or more cameras and an image processor. The

original images that are generated can thus be processed to provide at least one spatial



anal ysis). Additionally, the processor 114 can be configured to control the
transl ati on nmechani sm (not shown) to nove the focal position of the |ight
source 10Ronreicat7ove to the spot plate 108. The processorCiEpP20mps007or
exanpl e, be provided as part of a conputer system appropriately programred
to performsuch tasks. The inmaging system 100 of various enbodi nent of the
present invention may thus conprise a m étoscope with one or nore caneras
and an i mage processor. The original inages that are generated can thus be
processed to provide at |east one spatialposition identifier for the spots
109 provi dedpasiiiog idewiifigs| far he1g@ts pw:&xﬁa% adestitipge didnt Y HEPUS UEHYS| ‘?ﬁgge
processi ng f. i | a e i ! t.er J 0 -jof
on- 1 mi ¢ g gpatl fbtinfel “FRECARE hAeRbEMEr¢ Shbel TRk Rk
processi ng addw bgiwaybfabninighgakanmpler oscopy i mages in accordance with
vari ous aspects and enbodi nents of the present invention. The nethod 200

may, for exanple, be used t enerate data for, indicating,the relati.v
posi tion of]agW@$%SB?%§é'%F&ﬁgﬁﬂgn&Fﬁ§§WHﬁg§V§kE%?“gﬁéﬁig&fgﬁﬁa _?%gPérn be
used to gr O\C’)x?fi?os'cm s ?Pé‘c!d&ﬁ%ﬁcé\%ﬁ LValoRQShdckOnAl erhtdRithé il 6AhE BRestr

i ndi vi dual the original mcroscopy inmages. At step 202 an image is
obt ai ned at iavdntiost Bheynmgbed 20@magt fom ekimpld, be degdtth geoerale dakaafos indigating

exanple, this i e can. be .obtai pned ysi ng.an i mgin stem of t.he type

descri bed iﬁﬁ%Bﬁﬁg@ﬂfﬁﬁmﬂf¥ﬁQﬁ?ngﬁwﬁﬁéﬁgdW@gnéﬁgﬁgﬂaE%ﬁ%ggaPﬁWPﬂg%nggep of
setting an aped td!HeoddOMPovel at@rRt PafthiNtbsithPal MRERficAdN Br pRIiVianarest, for
exanple, in order to enhance the contrast of the inmge. Once obtained, the

i mage is st dhegriginalgnisposeoply iniggest ep 206 a decision is then nade to
determ ne whether or not any further inages are to be acquired to conplete

an i magg,of s Qek s M AP L SRKidh S BRlNMadoiRARAI plbhe.
further%Pnadggﬁgigﬁ%gggé%%g§§%ne , a Xx-y gbﬁgéltranslation %@ nadeptaoe
modi fy the For example, this image can be obtained using an imaging system of the type
described in connection with Figure 1, above. Optionally, a further step of setting an
aperture stop prior to obtaining the image can be performed, for example, in order to

enhance the contrast of the image.

15  Once obtained, the image is stored at step 204. At step 206 a decision is then made to
determine whether or not any further images are to be acquired to complete an image

of all the spots provided on the test plate being imaged.

If further images are to be obtained, a x-y stage translation is made to modify the
position of the x-y position of the focal plane with respect to the test plate. The
20 method 200 then moves back to step 202 and a further image is obtained. The further
original image is then stored at step 204 and the decision step 206 repeats the x-y stage
translation, image acquisition and storage steps until a set numbering & images 1s
obtained (where £ is an integer > 2, for example, k£ may be a large number such as, for
example, 22,528). Once the plurality of k images has been obtained, the method 200

25  moves on to processing step 210.

Processing step 210 involves generating data for indicating the relative position of the
test plate within the imaging system. In one embodiment, described in greater detail
below, the position indicating data is generated by processing each of the plurality of

original images to reduce the information content therein, forming a composite image



position of the x-y position of the focal plane with respect to the test

pl ate. The nethod 200 t hen noves back to step 202 and a further imge is
obt ai ned.wohe1diarpt7Ber original inmage is then stored at ®CeEr204/0800d3 t he
deci sion step 206 repeats the x-y stage translation, inage acquisition and
storage steps until a set nunbering k imges is obtained (where k is an
integer > 2, for exanple, k may be a | ardé nunber such as, for exanple,
22,528). Once the plurality of k imges has been obtained, the nmethod 200
noves on to processing step 210. Processing step 210 invol ves_generating
data for indiest thegplumELy @F atche%é%dw%mn%ﬂn@w fEeNt Jages. WGHINE [Hee
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of original damagekcdtimgrtaeudetitchpositidnosihkiten ptaatvatiin theemeigmg fyatem figna
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i mages, i dentErpatig lacaBos phihe af Ieps o fighcigkmagkel-east one fi ducial marker in
t he conposite image, and generating data indicating the relative position
of the test phabfgimhlliidicl Ryl FRAKAIpRY 6L EMAOMIIIRRViIRPAVRL tHASREESNPT
the at |east one Tiducial marker. The original | nmges fray, for exanple, be
gener at ed f o$iROMI mgterigl/ axts ecltsrransifled b the spdts prdudednat deitest plate, @s ssdfrjogvn
provi ded at t sSpo provi ded on. the test plate, .as.is.known in the art.
The step of briicader T a2 prdneh Ty BraFio iy HEEES ¢ UL ne
i nformation gesAAbn tBaleRl thet@l Ry banhprEMee] by eewied fg bitalcpint oflent h of
t he i mages. For exanpl e, ?rey scale 12, 14 or 16-bit i nmages obtai ned using
a GE | N Cel |inmges ybarreemple oo seledduil § &F atbit imagenobtpimed peine atGE & de

conpressed t - hi tm i bi i . f.: npl e,
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reduces the file sjze by approximately 50% Additionally, significant
further redd@&’ﬂbn‘”i“?{e‘ﬂ BEYs P %Vﬁ%éecgﬂﬁdemr%ﬁlyr dalei g ?q?ereﬁﬁ??iﬁarasof
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Additionally, significant further reduction in file size may be achieved by reducing the
15 number of pixels in the image by downsizing the image, for example, to 10%, 5%, 1%,

etc. of the original size.

In various embodiments, image downsizing is achieved using standard binning and
interpolation techniques; e.g. 2 x 2 binning of pixels of a full resolution image of N
pixels produces an image of N/4 pixels at 25% of the file size. The grey level of each
20  resulting pixel is interpolated from the grey levels of the four parent pixels. All of the
image manipulations may be carried out, for example, using non-compressed TIFF

images where only the number of pixels representing a unit area is reduced.

The step of forming a composite image from the plurality of reduced information
content images, may, for example, be achieved by tiling the reduced size images
25  together to form a montage. The montage thus formed may be of a significantly
smaller data file size than would be an equivalent tiled montage of full resolution

original images.

For example, using a GE IN Cell Analyzer™ 1000, the 16 bit grey scale images are

each 2.8MB; a stitched composite image covering a 22,528 feature array having one



etc. of the original size. In various enbodi nents, inmage downsizing is
achi eved using standard binning and interpolation techniques; e.g. 2 x 2
bi nni ng ovopowal7s17ef a full resolution image of N pi xel Cpmpduoesoasn | mage
of NV4 pixels at 25%of the file size. The grey |evel of each resulting
pixel is interpolated fromthe grey |levels of the four parent pixels. A

of the inmage mani pul ati ons may be carried3out, for exanple, using
non-conpressed TIFF i mages where only the nunber of pixels representing a
unit area is reduced. The step of formng a conposite inmage fromthe.
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of 63GB in size, making any I nmage anal ysis using such a conposite | nmge

hi ghl y |npramﬂyédbﬂ3 usi ng current conputer systems. This can be conpared
to a nontage provided i n accordance with one enbodi nent of the present

i nvention, i nt age of ) hav
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3. 1MB. Havi ng th@rcaﬁr@ohtbeuﬁ&gm@sﬂérﬁlﬂeaagﬂle fbecigpabikels heg atiigehtidledalsingeast
one fiducial marker in the conposite image is identified. The fiducial
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identification filters (size, shape etc.) to determine which groups of pixels belong to
fiducial markers. Further analysis of identified objects may then be used to determine
15 the centre of gravity of objects based on pixel intensity, yielding a spatial location for

each marker object. The spatial location may be returned as an x,y coordinate for the

centre of gravity of each spot.

Optionally, a spatial location or position marker is generated for each original image
and each respective original image indexing with its respective spatial location marker
20  identified from the composite image. For example, spatial position data can be

appended to the original images as a small data file.

In various embodiments, spatial coordinates for each marker spot in the composite
image are returned by the analysis of the composite image. Based on the known pixel
dimensions of the composite image, the known pixel dimensions of the full resolution
25  images used to form the montage and the downsizing ratio used, it is a straightforward
operation to map the composite image into a grid map of locations corresponding to
the full size images. Spot locations may then be assigned to full resolution images and
the spot identity and centre of gravity recorded for each full size image within an XML
metadata file associated with the stack of images acquired from the array. Such

30  metadata may be recorded as a separate XML file or appended to an existing XML file



identification filters (size, shape etc.) to determ ne which groups of

pi xel s belong to fiducial markers. Further analysis of identified objects
may then we 20mad9i7@ determi ne the centre of gravity of ebraresobsmesl on

pi xel intensity, yielding a spatial |ocation for each marker object. The
spatial |location may be returned as an x,y coordinate for the centre of
gravity of each spot. Optionally, a spatildl |ocation or position marker is
generated for each original imge and each respective original image
indexing with its respective spatial |ocation rker. identified fro he
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convent i onalpetded fr CalidusAledz&ntfomknts0QRh a8, @flExample, the stepping stages used

to move the plates within an imaging system.

15  Such embodiments are particularly useful when the original images are generated by
imaging a plurality of spots provided on an siRNA test array, since many spots are

used and high resolution images of such spots are also required.

Figure 3 shows a process workflow diagram 300 for use in a method according to
various embodiments of the present invention. The method can be used to provide
20 array feature identification and analysis using downsized image montaging.
Additionally, the workflow described below may be used to address problems relating
to feature-image registration by using whole array imaging, whilst also avoiding the

need to generate impracticably large image files.

In the process workflow diagram 300 an siRNA array 302 is imaged 304 over an area
25  with sufficient latitude relative to the array size and positioning of the array on the
array plate to allow for variations in array or plate geometry; i.e. sufficient images are
captured to ensure that all array features are captured. Images are captured for the
channel used for fiducial markers 312 and for the number (e.g. 1-3) of cellular

channels 306, 308, 310 as required by the user and stored 314.



enhanced functionality. The requirenents to provide conpl ex/ expensive plate
regi stration and/ or alignment nechani sns (such as those often needed for

pl at es hawongiew7besge nunber (e.g. thousands) of array elCemppis)psé033t hus
reduced. Additionally, such enbodiments nmay al so reduce nechanica

tol erance requirenents needed for various system conponents, such as, for
exanmpl e, the stepping stages used to novd>the plates within an i maging
system Such enbodi nents are particularly useful when the original images
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are captured to ensure t rr ures are cabt re
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(e.g. 1-3) of.c r channels 306, 308, 31 s required by the user and
Stored 31a. et Bnzegal 230 dhesmiprie lmwgsé?rqnﬁ S’poﬁ%gefiléuéF%Fe%nkg’F _
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to 8 bit and downsi zed 318 to reduce the data file size. The resulting

i mages are tdvwgnagogposirtesp@PHricaldaranalysagdd2nont age cont ai ni ng t he
fiducial marker inmages for the entire array. This conposite inage is then

anal ysed 322A1U§t'e;r>]g328f %Egr%%(ne%gpc;neis ;%Erfér%e%eﬂ)}l/ application of the feature mask. For

example, in the simplest implementation, the feature mask is a circle of diameter D
centred on the full resolution image at coordinates x,y, where x,y is the centre of
15  gravity of the spot determined by analysis of the composite image. Diameter D is a
constant value representing the nominal diameter of array spots produced using a
given spotting pin during array manufacture. Applying the feature mask to the full
resolution images instructs the image analysis algorithm to analyse only those cells
within the boundaries of the feature mask (cells within a distance of D/2 from x,y), i.e.

20  those cells overlaying the array spot.

In a more complex embodiment, the feature mask may be derived from analysis of the
composite image, i.e. the shape of the each spot object identified in the composite
image 1s used as the basis of the feature mask. This embodiment allows for variations
in spot size and/or shape arising during the array spotting process, however such an
25  approach would require less downsizing of images for compositing in order to retain
sufficient resolution in the composite image to generate an individual feature mask for

each object.

This process of coordinate to image matching, image recall and image analysis is

repeated for the entire array.



| nvestigator(tm segmentation, to identify the fiducial markers and return
the coordi nates of each marker within the conposite i nage. These

coor di natwe 2aro7bi1en used one-byone to identify the | ocatir@mpsoiofsdorgiuci al
mar kers on the stored cellular channel inmages 306, 308, 310, recall 326 the
appropriate image(s) fromstorage 314, and segnent the full resolution 16
bit images to define regions of interest 1fi.e. the area of cells overlaying
an array spot) for cellular analysis 332. At step 328, segnentation is
performed by application of the feature nmask. For exanple, in the sinplest

i npl enent at | BAYVaagsoRdntihis droresk Plasesan e denymde PAPEACSFSITE BRNET IoH IBRES he

full resol ut] b ordi X r i :
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D is a constiann ivalgudilé sipe @sedissinglat e nmond GRIINICdhahelyzaf M amagss, spotis

produced using a given spotting pin during array manufacture. Applying the
feat ure maskPPEEst REapalysing ed B insigey Wedyiupey fapkion lffﬁ%fs Pﬂﬁg@llag’é%ﬁg?ss
algorithmto I i ;S i Sraoundar L8g1d0le treed 6@t ure
mask (celrg]l S %ﬁ%&éﬁ%gﬁt?ﬁeg&%&?%ﬁ%g lisﬁt@f;’)égi P ('%}ﬂose cel Ies oveerl ayi ng
the array spfot codventomatlyecquonpl iexagertacii. nent, the feature mask may be
derived fromanalysis of the conposite inmage, i.e. the shape of the each

spot object identjfied in the conposite inmage . is us t he basi ft he
Foature mask 2 & st esc B uades ot ot il ATubet uig S Ta Y,

shape ari si nGeldyo00TY dgparadlis’ Ayns RAH VA URIEERSS infoPNBNGH coMelt Athgappopach
woul d require | ess downsi zing of inmages for conpositing in order to retain

suf ficient riddoreidininad theecteammp oBicheiniagay eayoby ehiaingte faneamnleyi duime
et Sl G RAGE ARUGRL i, L0 RLSEA B SO TR T3 1
array. Advant ageously, this process places no extra demands on processing
power for i megmagbalsysi SomHAbguexdanpive;sidisg ofjfidosinzeek ¢camdgesirtial cutéate t he
conposite f%?éhurd%grregsvld iﬁes still maintaining sufficient image information to segment and
identify array features. For example, by reducing a native GE IN Cell Analyzer ™ 16
bit image of array spot 400 to a 99% downsized 8 bit image 406, the file size is
15  reduced from 2839KB to 9KB while retaining an array spot diameter of 8 pixels,
which is sufficient for segmentation and feature identification in high contrast images

of fiducial markers.

Figure 5 illustrates a composite image 500 formed from a plurality of reduced
information content images 502 in accordance with an embodiment of the present

20  invention. A portion of the composite image 500 is shown magnified in the inset 504.

The composite image 500 is formed by combining multiple down-sized images 502
into an image montage covering the entire spot array. In this case, the composite
image 500 is a montage of 22,528 1% images 502 which produces an image file which
is only slightly larger than a native GE IN Cell Analyzer™™ image. Combining the
25 22,528 fiducial images (i.e. 1 image/feature for a whole genome array) produces a
montage file size of 3.1MB, which is only approximately 10% larger than a single

native GE IN Cell Analyzer™ image.

Figure 6 shows a feature coordinates map 600 produced in accordance with an

embodiment of the present invention.



in an image file size not dissimlar to native GE IN Cell Analyzer(tm

i mges, and the process of analysing cellular imges in a sequenti al

f ashi on bweediomorgcal | of i nmages correspondi ng to feat ece/RPosiOE@AS | S
essentially the operation as would be carried out for conventionally
acquired i mage stacks. Figure 4 shows a high resolution imge of a single
spot 400 obtained using a GE IN Cell 10007tm apparatus along with various
reduced i nformation content inmages 402, 404, 406 obtained therefrom Such

i mges nmay be obtained, for exanple, gﬁri ng application of a nethod in
accor dance whsnglo&E Y CedsApdyiar 11600 shuwres of Fflgereecest siRNAayahsPYess from
Figure 4, down-sikzi | dugi hirag : ] b
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illustrates H8BEMWposite i mage 500 forned froma plurality of reduced
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P the. i noet 1 sod erafiliee, 36 oeh HRgBoE0s DL Hhad °B) SERETRInG NAreNpl o

down-si zed if@RIRS. T eldped afd 4 cnmfhyagetoe MR dpplcdtivn @BdbbRtEIPRithar r ay.

In this case, the conposite |\?\%ge 00 is a nontage of 22,528 1% i mages 502
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(http://spothire;tibco.com/) that is provided under licence as part of the IN Cell

. ™ .
Investigator  analysis software.

Developer™ analysis correctly identified 22,528 array features from the composite
15  image with a variance in feature to feature distance of 0.26%. Whilst results using a
montage generated from multiple images of different array features are likely to be
more variable due to inherent variations in spot morphology and positioning,
nevertheless the model example described here serves to show that in principle a very
large reduction in image size still retains enough information for accurate
20  segmentation of array features by image analysis, and return of feature coordinates, to

allow recall of full resolution images and masking of images for cellular analysis.

Various aspects of the present invention are thus able to acquire fiducial and cellular
images covering an entire array without precise alignment of image and array area (i.e.
imaging an area slightly larger than the array area sufficient to ensure that despite
25  variance in array positioning the entire array is imaged), and then to use positions
derived from fiducial imaging for analysis of cellular images. For such aspects,
deriving feature positions from area imaging may use generation of an image montage
covering the entire imaged area for segmentation and identification of markers. Since
assembling a full resolution image montage would generate a file too large for image

30 analysis using standard computer hardware, downsizing of fiducial images is used to



Figure 6 shows a feature coordi nates map 600 produced in accordance with an
enbodi nent of the present invention. A single GE IN Cell Analyzer 1000(tm

i mage of wof2buar7esgeent si RNA array spot was downsi zed i mCiPmrb@sho@is m) from
the native 16 bit 1392x1040 pixel inmage (2839KB) to a 1% 8bit 14x10 pi xel

i mge (9KB). An enpty 2462 x 1280 pixel inmage was then created in

Phot oshop(tm) and filled with a 176 x 1288array of the downsized 9KB i nage
yielding an 8 bit TIFF image nontage conprising 22,528 features mﬁth afile
si ze of 3088KB. The TIFF nontage was then opened in Devel oper(tm _ an
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retains enough information for accurate segnentation of array features by

i mge anal yﬁfésenh%el?t&nurn of feature coordinates, to allow recall of full
resol ution i mges and nmaski ng of images for cell uI ar anal ysis. Various

aspect s 19f LRGP RHBHinHYE Rlal OflsRh Iﬁ:lﬁ&“%n@%ﬁ%&@ SCHI e, fl'léiiﬂ'@hl%l it
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sufficient to ensure.that desg

by using software compo ents transmitted to various of those systems, for example,

via the Internet, in order to enhance their functionality in accordance with the present

invention.

15  For example, a software solution for imaging of siRNA arrays on a GE IN Cell
Analyzer 1000™ or similar imaging instrument may be provided. This can be used to
reduce the accuracy and precision requirements for stage alignment and movement. A
software only approach may thus be provided in preference to a retro-fit hardware
solution for installed base instruments where stage alignment and precision are known

20  to vary between the instruments.

Various aspects and embodiments of the present invention may also be used as part of
an automated microscope, €.g. in a GE IN Cell Analyzer 1000™ that is commercially
available from GE Healthcare Life Sciences, Little Chalfont, Buckinghamshire, U. K.
Such an automated microscope is easy to use and can be used by non-expert users, for
25  example, to identify various bio-markers by analysing genetic switching in response to
the siRNA in the presence of various drugs (e.g. breast cancer treatment resistance bio-
markers may be identified by using cells in the presence of tamoxifen). Various other
automated high-throughput genetic screening tests can also be undertaken. Additions

of various aspects and embodiments of the present invention to such an automated



variance in array positioning the entire array is inmaged), and then to use
positions derived fromfiducial imaging for analysis of cellular images.
For such wepenww9i7deri ving feature positions from area POREPR@OMBNTIISE
generation of an inmage nontage covering the entire imaged area for
segnentation and identification of markers. Since assenbling a ful

resol ution i mage nontage woul d generate d9%ile too |arge for image anal ysis
usi ng standard conput er hardware, downsizing of fiducial imges is used
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been di scussietrovencamtmecti on with the present invention, those skilled in
the art will realise that various functions can be inplenented using

conputer pr m products. For exanple, .a c ut er ogr am, product may be
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to various of ose sﬁstens, of exanple, viat It er ret, in order to
enhance their functionality in accordance with the present invention. For
exanpl e, a software solution for inmaging of siRNA arrays on a GE I N Cel
Anal yzer 1000(tnm) or simlar inmaging instrunent nay be provided. This can
be used to reduce the accuracy and precision requirenents for stage

al i gnnment and novenent. A software only approach may thus be provided in
preference to a retro-fit hardware solution for installed base instrunents
where stage alignnent and precision are known to vary between the

i nstrunents.



Vari ous aspects and enbodi nents of the present invention may al so be used
as part of an automated m croscope, e.g. in a GEIN Cell Analyzer 1000(tm
that is cwomrero7ad78y avail able from GE Heal thcare Life 8cirare@s/sdorit! e
Chal font, Bucki nghanshire, U K. Such an automated m croscope is easy to
use and can be used by non-expert users, for exanple, to identify various
bi o-markers by anal ysing genetic switchid§ in response to the siRNA in the
presence of various drugs (e.g. breast cancer treatnent resistance

bi omarkers nmay_be identified by using cells in the presence of tanoxifen).
Vari ous ot heREBIRISEAt ed hi gh-t hr oughput genetic screening tests can al so be
undertaken. Additions of various aspects and enbodi nents of the present

i nvention to; suchyarns & oITeEedRerassope can thus not only make these even
easier to use, but can also provide 'nore rapid enhanced autonated i nmage
regi stration with consequent anal ytical accuracy inprovenents. Wilst the
present invedti onUREs939e@iT (Helse)r i bed i n accordance with various aspects and
preferred enbodi nents, it is to be understood that the scope of the

i nvention is,not Sd o be limte lely.thereto and that it is the
Applicant's ~?"nt enﬁlgo%néﬁﬁgt%qgnfve\%g%Oafﬁrglsgr%q%nﬁh%%/al ents thereof also fall
within the scope of the appended clai ns. References 1. US 6,990,22 1

(Bi odi scoverq) 2.UBS, ®BIIBO,(BIFn{eMit)es) 3. US 6,826,3 13 (University of
British Colunmbia) 4. US 6,789,040 (Affymetrix) 5 WD 2008/ 065634 (Phili ps)

(cognex; 5. s o, BAIERIesEailinies) ‘10, Us b, 360, 004 (Packard)
6. US 7,359,537 (Hitachi)
7. US 7,130,458 (Affymetrix)
8. US 6,798,925 (Cognex)
10 9. US 6,673,315 (Biomachines)
10.  US 6,362,004 (Packard)
11. US 5,940,537 (Tamarack)
12. US 2004/208350 (Rea)
13.  US 2002/150909 (Stuelpnagel)

15 Where permitted, the content of the above-mentioned references are hereby also

incorporated into this application by reference in their entirety.



11. US 5,940,537 (Tamarack) 12. US 2004/208350 (Rea) 13. US 2002/150909
(Stuel pnagel) Where permtted, the content of the above-nentioned

r ef er encewoanm/drerreby al so i ncorporated into this appli eatrieprolopssoes er ence
intheir entirety. CLAIMS : 1. An imaging system (100) for providing

i nproved spatial position identification Qﬂf a plurality of m croscopy

i mges, the inmaging system (100) conprisifg: a light source (102) for
producing light (120a); a test plate (108) containing an array of spots
(109) to be | ~. a condenser (104) for focussing the light (120b) on the
test plate ( —a translation nechani smfor noving the focal plane of the
light (120b) relative to the test plate (108); a detector system ( 112)
configured to. acqanrimaginglsystami @ 90)obr pravglingimprosgespatinbpositesipdattificetispot s

(109); and an.i ceSS|n devi ce 114) op era racess the
plurality of© f%ﬁ”@g@t{’%g@é“ﬁﬁ% LIRS q“f%éf%% gﬁ@tqrﬁg q%élc% V&%%osi tion of

the test plate uQ\/\%hﬁ’!thHte@i}%f pRahAL: ¥Rt EM4)100). 2. The imagi ng system
(100) of claim1, erein the’'i mage processing 3eV| ce ( 114) is further

operabl e $ 0: processt platch10$) ctOln@mphglwahxrayyof)sfpotﬁr(ﬂg?)rialbelmmg@b to reduce the
T or TR on_cont oDt BSLe Moy LA B RTRELAS BN, b RRATR BL |Y of
of at |east one fj @uﬁsmiomwﬂmshﬂfdr heoveRMRRIbER PRI th@nght (120b) relative
to the test plate (108);
a detector system (112) configured to acquire a plurality of original images
10 from respective spots (109); and
an image processing device (114) operable to process the plurality of images to
generate data indicating the relative position of the test plate (108) within the imaging

system (100).

15 2. The imaging system (100) of claim 1, wherein the image processing device
(114) is further operable to:
process each of the plurality of original images to reduce the information
content therein;
form a composite image from the plurality of processed reduced information
20  content images;
identify the spatial location of at least one fiducial marker in the composite
image; and
generate data indicating the relative position of the test plate (108) within the
imaging system (100) from the spatial location of the at least one fiducial marker.
25
3. The imaging system (100) of any preceding claim, wherein the data indicating
the relative position of the test plate (108) within the imaging system (100) includes

respective position markers generated for each respective original image.

30 4. A test plate (108) for use in the imaging system (100) of any preceding claim,
the test plate (108) containing an array of spots (109).



generate data indicating the relative position of the test plate (108)
within the imagi ng system (100) fromthe spatial |ocation of the at |east
one fiducwelome7bes. 3. The i magi ng system (100) of anypprapedionsiocs ai m
wherein the data indicating the relative position of the test plate (108)

wi thin the imagi ng system (100) i ncl udes respectlve position markers
generated for each respective original i 4. Atest plate (108) for use
in the imaging systen1(100) of any precedlng claim the test plate (108)

containing ag ar v ac Rl AR T AN 4T PRET e Ahal S A9 o9 Gl Bl

wherein the array of a l"arge arra IFat’e {108)
of claim4 or claim5, wherein the spots (109) contain si RNA naterlal 7.
The test plate (108) according to any of clainms 4 to 6, further conprising
at |east onebfiduthafeshiaef! Of'lfﬂ@mc by GJumr & phewin die ok mOP) contamn
conpri sing a%Rfﬁ& 5 pae coloured fiducial marker. 9. A nethod of spatially
registering a ura Ity of mcroscopy images, the method conprising
processimg a pIurallty of original images of spots (109) to generate data

indicating the relative position of a test plate (108) t hin an inmagi ng
Syst om (160)7 10 ThisSaot 157 Seioafine 60 U RAFTE S f<Hler HMREpaTbr

processi ng e@&QOQQﬁgagmgthéllty of original images to reduce the
information content therein; formng a conposite inmage fromthe plurality

of processed reduced i nf or mati on content i mages; |dent|fy|ng t he spatlal
gener at i ng data (1 K31 Pl CREVT S SIMe ptTior oF oneorestrid: B0tins)
wi thin tibe imggeng system (100) fromthe spatial |ocation of the at |east
one fiducial marker.
9. A method of spatially registering a plurality of microscopy images, the method
comprising processing a plurality of original images of spots (109) to generate data
indicating the relative position of a test plate (108) within an imaging system (100).
15
10.  The method of claim 9, further comprising the steps of:
processing each of the plurality of original images to reduce the information
content therein;
forming a composite image from the plurality of processed reduced
20  information content images;
identifying the spatial location of at least one fiducial marker in the composite
image; and
generating data indicating the relative position of the test plate (108) within the

imaging system (100) from the spatial location of the at least one fiducial marker.

25
11.  The method of claim 9 or 10, wherein the data indicating the relative position
of the test plate (108) within the imaging system (100) includes respective position
markers generated for each respective original image.

30 12.  The method of any of claims 9 to 11, wherein the original images are generated

following reverse transfection of siRNA material into cells provided at the spots (109).



11. The method of claim9 or 10, wherein the data indicating the relative
position of the test plate (108) within the imagi ng system (100) includes
respecti weoposydazbrre nmar kers generated for each respecti veTmpre@ionsdo’s nage.
12. The method of any of clains 9 to 11, wherein the original inmages are
generated follow ng reverse transfection_of si RNA material into cells

provi ded at the spots (109).13. A corrputg program product conpri sing

machi ne i nstructions operable to configure a data processing apparatus to

| npl ement t hF&. met Rogorr?gu%grr %Ironggal}l Oprgdnﬁ/ct chome!rlasinréB mgacl%i(r)le ll%étructions operable to

configure a data processing apparatus to implement the method according to any of

claims 9 to 12.



