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| nvention 1. Field of the Invention He invention relates to nethod and

apparatus for analyzing i aqmi L(reg ];im I 0 conparing
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conpare gel images to identify quantitative or qualitative changes in
proteins. 10 . 2. Rel ated Art Because of acidic and/or basic side

chains, proteing inckifieofmeThventibd and/ or negatively charged groups. The
behavi or of a protein in an electric field is determ ned by the relative
nunbers of these positive and/or negative charges, which in turn are

affected by the aci dife/inQbntidireBfs4b nhod ind afﬁﬁ%%?ﬁaarl Lie?xaé)%%ets%%d)mortche

positive and 15 negative charges are exactly ba
prot ei S shows rmartiatanty o eemparinghietated oxsimiilah imagds (blesk andh avhitebantoldr)5 Thee

these der s is dotition BlatesdF pisfese b Ihentsiit lfnaiuer bASe hiotisd  Fopoufey
(0 ekt et g e
negatively c%arz&’é’ B#‘%‘F?Fy aggs| tp ié‘?’ﬁ&i’ ngy proteins OTtUO%Pﬁ’Fétaé‘dz%v@r‘i?@wel

anode, i.e. thfiﬁid?&_tbh@erﬂﬁirquﬁﬁitﬁ%%rﬁh@ﬁﬁiiﬁbékﬁﬂ@éﬁ%ﬁr&t@in@]1 the el ectrical
forces on the protein fromthe cathodic and anodic sides becone equal and

the protein thus "focuses.” Proteins with a pl greater than 7 are best

resol v on nory equpdhli4pn PH gradient el ectrophoresis (NEPHGE) gels.
Hence the proteins are applied again at the neutral pH region and all basic
proteins (with a pl greater than 7) will be 25 charged positively.
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i mobi | i zed pHnggatiliebnthaegeeicgroaysh Arhediekajot ofa/mbzin {n & gleattie field ib deetnined
gradient is COY)?/' the tr!:l%ti\%) %El%bgrg otfqges%u;%%&rvte and/or negative charges, which in turn are
affected by the acidity of the solution. At the isoelectric point (pl), the positfve and
15 negative charges are exactly balanced and the protein shows no net migration. Proteins
with a pl less than about 7.5 are usually analyzed in isolelectric focusing (IFE) gels. The
pH gradient in these gels is usually preformed and the sample applied at the neutral end
of the gel (all acidic proteins -- proteins with a pl smaller than 7.5 -- will be charged
negatively). At the start of electrophoresis, all the negatively charged proteins will start
20 to migrate towards the anode, i.e. through the gel. As each protein reaches its pl, the
electrical forces on the protein from the cathodic and anodic sides become equal and the
protein thus "focuses.”" Proteins with a pl greater than 7 are best resolved on non-
equilibrium pH gradient electrophoresis (NEPHGE) gels. Hence the proteins are applied
again at the neutral pH region and all basic proteins (with a pl greater than 7) will be
25 charged positively. During electrophoresis, they will therefore move toWards the cathode,
i.e., through the gel. ' |
Obviously, the same separation could be obtained in an immobilized pH gradient
electrophoresis gel system (IPG) where the pH gradient is covalently bound to the support
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el ectrophoresi's (’NEI?HGE) in the Tirst dinension can be conbined wth SDS
gel el ect r oph&pEBPsitipmon sige, anserty eahancing thesensitivityhrayshthe wsegf eifabs
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4007- 4021 (1975) “and O FArrer] et [erer]l ., Cell, 12:1183 1142 (1977, fthe
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dodecyl sulfate (SDS) gel electrophoresis in the second dimension (IEF-SDS).

20 Alternatively, nonequilibrium pH gradient electrophoresis (NEPHGE) in the first
dimension can be combined with SDS gel electrophoresis in the second dimension
(NEPHGE-SDS). Such procedures are known in the art, e.g., as described in O’Farrell,
J. Biol. Chem. 250, 4007-4021 (1975) and O’Farrell et al., Cell, 12:1133-1142 (1977),
the entirety of which are incorporated herein by reference. Gels cannot be used for the

25 determination of absolute isoelectric points, but rather to an observed value due to the
fact that the running conditions, e.g., high urea concentration, are not ideal (in the
physical-chemistry meaning of the word -- the pKa values of the side chains are rather
different between water and high concentrations of urea). NEPHGE gels cannot be used
for the determination of absolute isoelectric points of proteins. The isoelectric point of

30 a protein is usually determined in reference to a stable pH gradient formed during
isoelectric focusing. As discussed in O’Farrell (1977), the best resolution of acidic

proteins is obtained with equilibrium IEF since the region of the gels containing acidic
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be done under c
' time periods to compensate for the lack of dynamic range of X-ray films. Each film

image comprises a multiplicity of "spots” of differing position, size, shape, and/or optical
20 density. The spots on the image are analyzed to determine the correspondence between
spots and proteins.

Manual visual inspection and analysis of gel images can be done under controlled
conditions and within specific ranges (Jungblut er al., Quantitative analysis of two-
dimensional electrophoretic protein patterns: Comparison of visual evaluation with

25 computer-assisted evaluation. In: Neuhoff, V. (Ed.) Electrophoresis ‘84, Verlég Chemie
GmbH, Weinheim, 301-303 and Andersen et al., Diabetes, Vol. 44, April 1995, 400-
407). Analysis of one film can take in excess of eight hours, even for one havmg
significant skill and experience in this art. Typically, certain methods of obtamnng
images of the gels are non-linear (e.g., silver staining and/or X-ray film) an& it is often
30 necessary to make corrections for this if the full range of protein expression is to be

covered (this can be up to a ratio of 1:100,000 for the protein of lowest to highest
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quantification of spot intensities and IOD% for generation of a "spot list" for a gel image.

However, computer evaluation systems such as those described above still require

20 significant operator effort for editing. A gel image to be evaluated is input to a computer,
such as By scanning. The digitized image is searched to locate spots having an intensity
or optical density above a sensitivity threshold. The operator must then edit the gel
image. For example, if two very big spots are close together, the computer may have
identified the two spots as one elongated spot. The computer may not be able to resolve

25 that there are actually two spots. The operator would then be required to manually edit
the image to divide the spot into two spots. As another example, the computer may
incorrectly identify as a protein spot a non-protein spot on the gel image, such as a high.
intensity streak. The operator would then be required to manually edit the image to delete
the non-protein spot.- It can take from six to eight hours for a skilled operator to edit a gel

30 image evaluated using a conventional computer evaluation system.

As reported in Jungblut et al. (1995), numerous researchers have used .

conventional computer evaluation systems to produce 2DGE databases for various tissues



quantificati QR,9f; t intensities and 1OD% for generation of Fcy3mMniiist”
for a gel inmage. wever, conputer evaluation systens such as those '
descri bed above still require 20 significant operator effort for
editing. A gel image to be evaluated is inputsto a conputer, such as by
scanning. The digitized inmage is searched to | ocate spots having an

i ntensity or opt}] ns RV VAR :

mist ¢ hen odi @ (HEhIPET HMeVRp R S AaReIchue bRl S b wElan i BhtPhaor
toget her, the caopubdicemachaate spotdistifér @dew Igel images pdors importantlys Icomeatienal

spot. The conputer may no e able to resolve 25 . hat .there. are

2etual 1yt SpcOmPuRTEvalaRth SRtdR fneEh e 5 anplyvs and BF tsriiatipRaghl toat
the image to di wseeidfbenaidatfrom other\yel ffapies of fife suned BT typx 86TRIIGw ahhvperator to
conputer_ may incorrectly identify as a protein spot a non-protein_spot .on

the gel 3 mage, swieklyand/oniefficientivearalyzs and/eainternist agisay geloimagsy| Gonveational
e . . © “OF ¢ R

Lok from aix 1 ComRGEHlibiish IR qain iRcRictd 10 AR G Bofeifd Py phéscif

i mage eval uat ed somllragnaantsoThes)tthareisia needpnthe artdord computer-baged analysissystem. that
ted in Jungblut el al. (199 hers h .

Pt ona” R Bl oo SRk PURRERE 8 ARSI HYEWIR Shighgew oo

various tissues imagd¥c@Bbd khfl¥zed and/or interpreted. There is a further need in the art for a

PCT/1B97/ 01114 -5 - or cel| types. However,, these stens require,,
Cani 11t o 1 SOMRSPTRE AT SYSE TSPy GPe So0RY BUNTDEtiaR Daw AR imeecs dut
list for a new qgls ihf@'ﬂﬁtioWoﬁl bIRBO ) ARhges of BRI V4RI deANtppe, CONPUL €T

eval uation systens do not provide an analysis and/or interpretation tool |
that uses i nfor mati orCdnventiapeheampyuer qvalaghien systamsealsadenetairpvidy the full asplysig

an operator to §oolF for n%%tésﬁ%éé\h}%ﬁ%ﬁ%‘ g{twg%f n%r%h@@&f el%ﬁ%éé.z Criihlfe is a funhetr

interpret a new ge uter evaluation sg’s eéns canno
be used to reli alekdinthe ext forproomputes-based\anglysis systen that iswapabdemot winty. of Binalyzing

th [ din th i ter- | ys) t t.hat
Feducest he of f dPflor BRsPrURe 8o RS BRer B 1B oy Bl BB e by
whi ch new gel irmgg@sg?gpb@fgynah@g_d and/or interpreted. There is a further
need in the art for a .

. onput er - based anal ysi g system far
anal yzi ng and/ or i nt &igHtion ofyanvedpegient herr 1t Rat middledas1as AITISHAN (hes Auch
other gel imagegyoRimémas pefifePrior bitPSk considered material to the patentability of any claim

of the present application. Any statement as to content or a date of any document is

20 based on the information available to applicant at the time of filing and does not

constitute an admission as to the correctness of such a statement.

Summary of the Invention

The present invention is directed to methods, compounds, compositions and

apparatus for analyzing images of electrophoresis gels. These images can be in black and

25 white or in color (a colored image can have three grey scale ranges for the primary colors
and can thus be analyzed in the same way as described below). For the purposes of this

description only, one grey scale is considered although for one skilled in the art, there

would be no difficulty to extend the description to the three primary colors, or

combinations thereof.
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(2)  generating a master composite image for use in analyzing the new image,

wherein the master composite image contains a plurality of master composite spots, each
master composite spot having a spot number, an IOD% and a position;

20 3) generating a master composite, wherein the master composite comprises
the spot number, the IOD%, the position, the variability of the spot (for example the
standard deviation expressed as a percentage) for the position and IOD%, and a saturation
value (corresponding to the value of the maximum pixel intensity found in any of the
spots (from the original images which were used to derive the spot in question) (this

25 value is expressed as a fraction on a scale from white (0) to black (1)) for each of the
plurality of master composite spots;

(4)  aligning the new image with the master composite image;
(5)  selecting a set of anchor points from the master composite;
(6)  detecting new image spots that have a position that is within a position

30 tolerance of the position of corresponding anchor points and that have an I0D% that is

within an 10D% tolerance of the IOD% of corresponding anchor points, and matching
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the master conposite image; (5) sel ect ] n%ra set of anchor paints fromthe

mast er 1onposi t &pots and in Wb@ﬁ??% gteaémomg ogpthe setrafmatehed aey imege spasntheseat
anchor poi nt o i ips R which the iR oS ad gifubihad b pRoplerffc TRRERELETE
| OD% of corres pmedlestg(slmrtchtdcnghband m;mmnallyrsmcl&nr aggle) vedor diffetdrs®8 A manner by
poi nt's t o T or m Ael e “EuBEdiBeEs ciTBE B Ralk shelk GERIgRAR os U ERE:
vectors |inki ngax&i)tbtgiudﬁ‘thé Emreeﬁmoﬁmmbﬁatches iit b eeiterasive manner until an optimal match
15 is obtained,
(9)  selecting a set of well-defined spots from the master composite, detecting

new image spots that have a position that is within a position tolerance of the position of

corresponding well-defined spots, matching the detected new image spots to the

corresponding well-defined spots, and adding the matched new image spots to the set of
20 matched new image spots;

(10) selecting a set of saturated spots from the master composite, detecting new
image spots that have a position that is within a position tolerance of the position of
corresponding saturated spots, matching the detected new image spots to the
corresponding saturated spots, and adding the matched new image spots to the set of

25 matched new image spots; | _

(11) selecting a set of weak spots from the master composite, detecting new
image spots that have a position that is within a position tolerance of the position of
corresponding weak spots, matching the detected new image spots to the corresponding
weak spots, and adding the matched new image spots to the set of matched new image

30 spots; and _
(12)  searching the new image outside the set of matched new image spots to

locate unidentified new image spots.



conposite image .and in the new gel inmage; and determ ning for each vector

t he | engt h WO98/11508 and angle; (8) cal cul ating a vector di PCIMBHREAII4r
each of the set of matched new i nage spots corresponding to the difference
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i mge .10 s pbt anothetiaspectaf thetpsesquidnyentipayshe methgd ifurther inshides eorsparing f

mat ched new i nage  spot.s t hose t f ich the vector differences are
greater than a2 pFe ,°«§I‘WF$Fé§°B@‘&@ﬁ?’%@@‘ﬁ‘%ne_best (shortest length and
nunerical |y smal | er gk @irthee adpect ofitel reArinsentidnhe Aew ifygens alipnddheitethe
vect or di fferencetg can b_etsusggde%? q %.%q%ge%%&te a! i{gs@ngﬂ;ggfgﬁoggpip@ges
and to gui de tmastgHEQIRRQsHiEHM %‘&E an
optimak match dans correspdnd @F&?aisrﬁeken{ ) both SRt REw iftfhge af@thomasR} bosipbsieed
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posi tion that insagei Amchorspobss eleased fromethe meastep Fompesiigssn dncdpdegprimary anchor

correspondi ng wel] - def i Ri.C R ' Sl 0
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spots to the sgitdifféredtGtages in the imagegireckssingusing geffarpmttsslectidOyritese keseléchthea
set of saturated spots fromthe ster .conmposite, detecting new inmage spots
that have a poRRStEbePRpesite PEotetps 1998 usediosition tol erance of the position of

correggondi ng sat ur g egliSd firther BEeeh o thd prsdrtiavdmtidn) owllideaged Spots have at he
correspondi ng saturated spots, and ggd'é&g Ef% _raaélc ed new i nrgge spots fo
the set of 25 saturation Vﬁhle(%’é'dhﬁ&?gff geo G <Y1 at_“@éqdes@?gﬁb’v& agaturgion
weak spots ffOﬂlhbszg.%.st\ﬁéaw@m%%ssatqﬁakisﬁwhme SeMobiBge spots that have a
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Correspong! ng weat hpstglkafwﬁtgcaspngqfhbenr@smiry@nﬁ@waimtesmm@mmtis t
correspondi ng wea ._an se
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out si d§ the seh cvmpupdrcdysttmm mmdmtwwtmembmbzagégpﬁu?wgﬂf imagesanf dellage
spots. proteins. Such computer program logic includes the one or more of the following:
at least one algorithm, sub-routine, routine or image capturing means for enabling
the processor to receive data representing a new gel image, wherein the new gel image
contains a plurality of new gel image spots that correspond to proteins on the new gel
20 image, each new gel image spot having an integrated optical density percentage (I0D%)
and a position;
at least one algorithm, sub-routine, routine or master composite image generating
means for enabling the processor to generate a master composite image for use in
analyzing the new gel image, wherein the master composite image contains a plurality
25 of master composite spots that correspond to proteins on the master composite image,
each master composite spot having a spot number, an I0D% and a position;
at least one algorithm, sub-routine, routine or master composite generating means
for enabling the processor to generate a master composite, wherein the master composite
comprises a spot number, the position, the I0D%, and a saturation value (corresponding
30 to the value of the maximum pixel intensity found in any of the spots (from the original

images which were used to derive the spot in question) (this value is expressed as a
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further includes conparing a first set of inages to a second set of inmges.
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0:2. In still urt er aspect of the present |nvention conhput er program
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| mage cont ai ns %eﬂdgé[ ﬁhéé?gpg{s new geI | mge spots that correspond to
proteins on the new gel e, each new gel image spot having an

integrated opti cal d@h@%‘)}’"ﬁé‘l‘&%‘ﬂ!’ﬂg‘é’ (oeting reiineor pergns fasienakling tbaetocewer
al gorithm sub- E&Hﬁlbﬁlﬁte 4 QUbE P&dts hﬁﬁﬁl&%oﬁméatx& MR i BIGh

for enabling the processor to generate a naster conmposite | nage e |n
anal yzi ng t he némeggind indagnew\pgelrimiage;tand detesmining forcadd ‘t%tqrrﬁmgbngfthrmdmnglea

pl ural ijtty 25 S t t_ C S 0 _pr.otei
on the ltrsnatst er conposi F feeﬁané%Cg?lgéggﬁ'? gutb%? 'geoﬁr%‘%tgs}% t & ge%%ﬁ' cggnpeﬁémﬁ ‘Ef%’ts for
nunmber, an | OD%enabling thEsroddssor to edlculata atvectoediffepncé fon Bachufithe seudf matched new

routi ne or naster conposite generati ns for enabgln t he processor to
generate a mast 8P2&%H %F?’E‘?s?’%‘g%it?l n}?%gl%ﬁéeé‘f’% e ?t"g‘“or in question and the

vectors originating from a number (for example about 1-500) of the nearest spots to the

spot in question. (This will generate a vector difference for each of the new matched new
20 image spots and in a subsequent step, removing from the set of matched new images
spots those matches for which the vector differences are greater than a predetermined
percentage of the best (shortest length and/or numerically smallest angle) vector
differences. For highly saturated spots (less than about > 3-40 saturated pixels, less than
about >9 pixels), the position of the spot center is determined using. e.g., the spot shape
25 characteristics. Allowances can be made for cases where the saturation areas covers more
than one spot and the saturation area is divided up into a number of e;eas corresponding
to the number of spots existing in the MCI and spot centers can be calculated based on
these allowances, as further known in the art or as described herein);
at least one algorithm, sub-routine, routine or means by which these vector
30 differences can be used to quality check the alignment of the images and to guide the

correction of mis-matches in a reiterative manner until an optimal match is obtained:
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each of the plurality of master conposite spots; at |east one al gorithm
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at least one algqrifhm sub-routine, routine or anchor point detecting and
mat chi ng meanLa¥Pe%nabl i ng the processor to detect new gel inage spots
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anabl 1 ng t he. piasdicosithe, Bcle ARt PR ina o thirtive b bR Bk TSR 42
same nunber i rpdshipnneidranceadithe pbsiton wh gerrespdnding tved]-defined esdpoisprag ajatchnitie

determ ning foy each vector the | engt;h and angl e; t
Veast one a1 gdlerER ot gE  naet seot® IS i QB aRRGE whTdefined: sonts e e o
enabl i;mg t he phaskaSRw b6l iﬁﬁg@sﬁo@@meymfﬁfamllkahew%apmfgersgmph of the set
of matched new i nage spots caorrespondjng to the_ difference between the

vector in question ainigast e, AgeHhm, SUPyPRIC ARUtEOR satwrated espot rdstecting#p e
about 1-500) %att:ﬁ'@lgp?@irﬁ%r SRBling HR: HoGesSRAb selRcOd Sétldf aurézéfd;%o%twrun the

9
generate a vector erence for each of the new matched new o
i mage spots arrdaster conspasite,caaleteck newy gel mageispotsithasrhave e positiopfthates stitiin aew

| mages spots t ! t S | . ' r rqat
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(less than abou5.> 3-40, sa uragep Qi ﬁeAs Ielss than. .

gel image spotsto the set of matched new gelimage spots;

at least one algorithm, sub-routine, routine or weak spot detecting and matching

means for enabling the processor to select a set of weak spots from the master composite,
to detect new gel image spots that have a position that is within a position tolerance of
20 the position of corresponding weak spots, to match the detected new gel image spots to
the corresponding weak spots, and to add the matched new gel image spots to the set of
matched new image spots;
at least one algorithm, sub-routine, routine or unidentified spot locating means for
enabling the processor to search the new gel image outside the set of matched new gel
25 image spots to locafe unidentified new gel image spots; and
at least one a]gprithm, sub-routine, routine or comparing means for enabling the
processor to compare a first set of gel images to a second set of gel images.
In still a further aspect of the present invention, the comparing means includes the
following: '
30 at least one algorithm, sub-routine, routine or first set analyzing means for
enabling the processor to compute a statistical average of IOD% for each spot in the first

set;



about >9 pix position of the spot center |s determ ned using.
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to the correspondi ng wel | -defined spots, and to add

new gelld mage spoetgindetactien gseeﬁer@{semeérfé@nHmlsgelven@hg@)§p@bs incgeaspdast one
algorithm sub-routine, routine or saturated spot detecting and matching
means for enabling the processor to select a set of saturated spots from

t he mast er conpd@atiges ted ddvagogasew gel | nage spots that have a position
that is within a position tolerance of the position of correspondi ng
saturated spots, to match the detected 15 new gel inage spots to the
correspondi ng sat ur atield afeatus of thiedrésentitivention tl'lmtt@:bﬁfﬁhdl\ﬁd angor Ilmgﬁet&ﬁﬁrtgi:l

Sub- routi e, r oUEPHE: SR GRARP <OBRUEJIATBRES REIRAREFORR PENISRD EFVEA T BN ITBRS | ng
the processor to sel ggf adin8RF feaburd\6fke peS8ns inveMiBn the i RSS i%forﬁﬁ'iiﬁ@ $toha single

15 gel (using default tolerance values) or a master composite image to guide the analysis and

interpretation of new or additional gel images.

It is yet a further feature of the present invention that it uses the integrated optical
density percentage, as well as the position, in locating spots in new gel images.

It is an advantage of the present invention that new gel images can be analyzed

20 and/or interpreted with minimal input from an operator.

It is a further advantage of the present invention that new gel images can be
analyzed and/or interpreted quickly and/or efficiently.

It is a still further advantage of the present invention that it can reliably detect
proteins that are present in small amounts.

25 It is yet a further advantage of the present invention that it is not Iifnited to
analysis and/or interpretation of two-dimensional gel electrophoresis images, and can be
used to compare any two similar images, whether black and white or color or in any
situation where image interpretation and/or recognition is involved. This process could
include the comparison of "freshly derived images" from any image capture device with

30 an image recovered from a computer memory device. In another embodiment, this could



to detect new gel inage spots that have a position that is within a

posi tion t oW Wiasaf 20 the position of correspondi rRCTEBAROBPOL S,
to match the detected new gel image spots to the correspondi ng weak spots,
and to add the matched new gel inmage spots to the set of matched new i mage
spots; at |east one algorithm sub-routinel2routine or unidentified spot

| ocati ng neans for enabling the processor to search the new gel inmage

out si de t he seinchidenthe ctnaganiseny afdivodbquential imagesn(peg. spuiiso rexordingbereal time
uni dentified new gel i e ot.s; at..l east .one al gorithm subroutine,
routine or con&?&ﬁ&?&ﬁi‘%grﬁgp ‘ama&gli‘ﬁ;é'pjﬁ’?nﬁ?s&fé‘g?&r&t{Y’°corrpare a first
set of gel images to a second set of gel images. In still a further aspect
of the present invention, the_conparing neans includes the follow ng: 30
at | east one al gorithm sub-rBriefnBesexsptioncofthe Drawiags anal yzi ng neans
for enabling the processor to conpute a statistical average of 10D% for
each spot in the first set; WO 98/ 11508 '

PCT/1B97/ 01114 - 11The plesér dflen@ifisAb@Pibed With réfetendet theR corhPatyinpdrWings.
second set anal yzi n% neans for enabling the processor to conpufe a _ .
statisfical avhr shg deawingpolikeorefersnse sumbers rindigate sidensical optfunciionally sjraidast
one al gorithm lglqllg-{souti ne, routine or statistical average differencing 5
means for enabf it he processor to determne if each spot in the first set
is statistically different fromeach spot in the second set. In still a

possibi 111y Lo conuFRG: hobat 8 HIOCE Aiebtin AR e R B SREbER AR B e

gel s of the sapmssipletiony di fferent amounts in such a way that the

effective dynam c range of the 1Q .. praqtein detection system

(selected fromthe FIGt2ghowss @B&@ysre@dllwanmmwdlmtmmmg out step

andAd\ient ages {{o ikovéh inSAlgune of the present invention that it can analyze
: 11615

and/ or i nterpret new ge _
FIG. 3 shows a block diagram illustrating one embodiment for carrying out step

120 shown in FIG. 1;
FIG. 4A and FIG. 4B show a block diagram illustrating one embodiment for

carrying out steps 130 and 140 in FIG. 1;
15 FIG. 5 shows the orientation for FIGS. 5A and 5B;
FIG. 5A and FIG. 5B show a block diagram illustrating one embodiment for
carrying out step 150 in FIG. 1;
FIG. 6 shows a block diagram illustrating one embodiment for carrying out step
160 shown in FIG. 1;
20 FIG. 7 shows a block diagram illustrating one embodiment for carrying out step
| 170 shown in FIG. 1, ' ’
FIG. 8 shows a block diagram illustrating one embodiment for carrying out step
180 shown in FIG. 1; |
FIG. 9 shows a block diagram illustrating one embodiment for carrying out step
25 190 shown in FIG. 1; |
FIG. 10 shows a block diagram illustrating one embodiment for carrying out step
195 shownin FIG. ;and
'FIG. 11 shows a block diagram for an exemplary cémputer system suitable for

use with the present invention.
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or additional gel images. It is yet a furthef” feature of the present
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of a method of ttg:etis%{xee §§c'i'lton.§,rh\é?81t i)lgpimages of proteins, RNA or DNA, section images from

scanning devices like those used for computerized tomography (e.g., computer assisted

tomography (CAT), positron emission tompgraphy (PET)), satellite images, star pictures,
15 x-ray, fluorographs, or any recorded or real-time image.

The method of the present invention provides an analysis tool for analyzing and/or
interpreting gel images quickly and/or efficiently with minimal operator input. The gel
images are analyzed and/or interpreted so that new proteins can be identified. - The
method of the present invention also provides a comparison tool for comparing gel

20 images to identify changes in proteins, i.e., up- or down regulation.

The method of the present invention uses information from a master composite
image to guide the analysis of new gel images. In this manner, information from other
gel images of the same cell type is used to guide the analysis and/or interpretation of a
new gel image. This technique reduces significantly the time required to analyze a new

25 gel image. This technique also reduces significantly the operator effort that is required
to analyze a new gel image.

To carry out the method of the present invention, a master composite image is
generated from images selected by an operator. The images selected by the operator for
use in generating the master composite image would typically be of the same cell type,

30 and would be relevant to the type of project or experiment being conducted. As used
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The present i nagei tade bbgry levelsosith finarrsteps. conput er - based process, a
mges. | The. pr esentA GUster composin (RMBHBI 3 PP Gr I eh cPHBoRGreds: of
anal ygi ng two-gi Wﬁh@d‘ﬂ{ mdfd detail below, the master composite includes data that represent
characteristics of each spot on the master composite image, such as spot position, the
integrated optical density percentage (I0D%), a spot number, and a saturation value. The
master composite provides a compilation of data that can be readily searched to aid in the
analysis analysis and/or interpretation interpretation of the new image. When a spot in
15 the new image is located that corresponds to a spot in the master composite, the located
new image spot is “matched” to the spot in the master composite. Once a master
composite spot is matched to a new image spot, it is removed from the available pool of
master composite spots. The method of the present invention iterates through a series of
searches to match all of the master composite spots to new image spots. Any unmatched
20 spots that are present in the new image after all of the master composite spots are
matched represent unidentified new image spots. Such unidentified new image spots can
represent previously unidentified proteins.
In another application of the present invention, different exposures of the same
image of different gels of the same sample can be matched together so that it is possible
25 to "extend the dynamic range” of the medium from which the image is read. This
medium is typically, but not restricted to: X-ray film, silver or otherwise stained gels,
immuno-stained gels or blots thereof, or combinations of these. This procedure can be
useful in the present invention because: (i) the ratio of expression of proteins within a cell
is greater than 100,000 (i.e., exceeding the dynamic range of response of X-ray film
30 which is about 1,000 or stained gels which have a dynamic range of approximately 100);
and/or (ii) because the response of the said medium is not linear (which introduces

problems in accurate quantitation of the protein spots).
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PCT/ | B97/ 01114hatlérrespand itathe ‘welledpfihed, shwrsed, andiwespspesand mhiched, ahd givies the

conposed of pixels, eac i X
Al P same spot nu,{h,é% as

(talle c%?r\éis;p&ding master composite spot. Once the search for
the well-defined, saturated, and weak spots is corﬁplete, the new 1mage outside of the
matched new image spots is searched to locate unidentified spots. The unidehtiﬁed spot

20 search is carried out using two different sensitivity levels. The unidentified spots that are
located are presented to the operator for further analysis and evaluation. _

" In another application of the present invention, different exposures of the same
image can be matched together using the same procedures outlined above and described
] in detail below if the operator specifies that the new gel and the images selected as the

25 - MCI are either of the same gel or of the same sample. Foilowing the combination of two
or more images in these categories, the %I0D are reéalcula_ted and these values are used
for further analysis.

The method of the present invention as described above provides an efficient
analysis tool for analyzing and interpreting new images. The method of the present

30 invention provides the additional capabilitj/ of comparing various images that have
previously been interpreted. For example, an operator can identify two or more groups

of images to be compared, such as one group of cells treated in a particular manner, and
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( IoIn a stepnﬁo, amaster compos:%tfmage an% a master compos:Pe are generat an§ )

the type of analysis is selected (matching of new gel to master composite, two exposures
20 of the same gel or two gels of the same sample). In a step 130, the new image is aligned
with the master composite image.
In a step 140, anchor points are selected from the master composite.. The new
image is searched to locate in the new image spots that correspond to the anchor points.
If a spot is located in the new image that corresponds to the anchor point, the new image
25 spot is matched to the corresponding anchor point. |
In a step 150, a vector difference is calculated for each matched new image spot.
The matched new image spots that have the largest vector differences are unmatched.
In a step 160, the new image 1s searched to detect and match well-defined spots.
In a step 170, the new image is searched to detect and match saturated spots. In a step

30 180, the new image is searched to'detect and match weak spots.
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recal cul ated ang LRESf %M EDeRfEnttRfing to a particular kind of cell, such as the islets of

Langerhans (cells of the pancreas that secrete insulin), referred to herein as “islets”. The

20 experiment could include analysis and/or interpretation of one set of gels from normal
islets, and another set of gels from islets treated in a particular way, such as with a
cytokine or other biological molecules which interact with celis found in the islets. The
experimental data for the project will include image files and corresponding image data
files for both the normal islets and the treated islets. The experimental data for the

25 project would preferably be stored together in a project “directory”.

If the captured image does not correspond to a new project, then an imége data
file (and an image file) already exist for the captured' image. Inthis case, the operator
is asked to define which project is to be used in a step 12. Processing then continues at
a step 13 by way of flow chart connector 2A (connectors 2A-9A are shown by circles in

30 Figures 2-10, as discussed herein). ' _ |

If the captured image does correspond to a new project, then processing continues

in order to generate image data and an image data file for the captured image. In a step
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average background around the spot. The average background is subtracted from all the

pixels inside and including the boundary.” This produces an integrated optical density
(IOD) for the detected spot. The integrated optical density percentage (1I0D%) is the IOD

20 of a particular spot expressed as a percentage of the total IOD, computed by summing the
IOD of all spots in the image.

It would be readily apparent to one of skill in the art how to carry out the search
of step 4 as described above. There are a number of approaches to spot (or object)
finding which would be readily apparenit to one skilled in the art and the most appropriate

25 algorithm should be selected for the task in hand. For example, a computer program such
as Biolmage can be used to carry out step 4. '

In a decision step 5, it is determined ‘whether a spot is located during the search
in step 4. If a spot is located, then the spot is added to a spot list in a step 6. Processing
then continues at a step 7. |

30 If a spot is not located, processing also continues at step 7. In step 7, the entire
captured image is searched for spots using high sensitivity and shape characteristics. By

“high sensitivity is meant a sensitivity that is higher than a first or “normal” sensitivity
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(pixel) file. In a decision step 2, it is erm ned etherthelmagels
associldt ed wit Isemsifigifly too much can introduce unwanted noise. Therefore, the present invention

couples increased sensitivity with shape characteristics. A number of parameters can be
used to define a shape characteristic. One such parameter is a smoothly shaped boundary.
The curvature of the boundary is integrated to determine how the points of curvature are
changing. Using a smoothly shaped boundary as a shape characteristic, a perfect circle
20 would have a shape characteristic of one (1). If the spot was not a perfect circle, its shape
characteristic would be a value less than about one. The smaller the value of the shape
characteristic, the less smooth is the boundary of the spot. If a potential spot has a shape
characteristic that is less than about 0.5, then it will not qualify as a spot based on shape
_ in step 7. For example, a potential spot shaped as an ellipse would have a shape
25 characteristic approximately equal to about 0.8. Because about 0.8>0.5, the elliptical
potential spot would qualify as.a spot based on shape in step 7. As another example, a
potential spot having an elongated and thin shape (like a streak on the gel image) would
have a shape characteristic approximately equal to 0.1. Because 0.1<0.5, the elongated
and thin potential spot would not qualify as a spot based on shape in step 7.
30 - In a decision step 8, it is determined whether a spot is located during the search
in step 7. Ifaspot is located, then the spot is added to the spot list in a step 9. Processmg

then continues at a step 10.
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conducting. For example, a operator could be conducting an experiment to compare two

groups of gel images: one group of gel images relating to untreated or normal cells; and
a second group of gel images relating to treated or stimulated cells. The operator would

20 then know whether the new gel image to be interpreted was for untreated or treated cells.
The operator could then appropriately select the images that will be used to generate the
master composite image, i.e., untreated images for the new gel image of unireated cells
and treated images for the new gel image of treated cells.

Similarly, if the operator was going to match either two exposures of the same gel

25 or two gels of the same sample, then he or she would select either the correct image to
generate the MCL | '

In a step 14, the operator is then asked to select what iype of analysis is to be
performed, i.e., whether (1) the NGI is a new sample, (2) the NGI is a different exposure
of the same gel as the MCI, or_(3) the NGI is the same sample as that selected for the

30 MCI at a different concentration. This selection causes the computer to use different
“"tolerance values" in the ensuing analysis. Thus, for example, if option (1) is selected:
normal delta X, delta Y and delta Z values are used (e.g., delta X = 1mm, delta Y = Imm,
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expressed using any suitable reference system. One such suitable reference system is a
Cartesian-type coordinate system (rectangular parallel coordinates) in which a position
is defined in terms of an "X" coordinate and a "Y" coordinate in a paired fashion (X,Y).
Another suitable reference system is a polar coordinate reference system in which a

20 position is defined in terms of an angle "0" with respect to an axis, and a non-negative
radius "r" in a paired fashion (r, 0).

Each selected image in the set has a background and corresponding spots that
correspond to corresponding spots in the other selected images. An average I0D%,
average background, average physical shape, standard deviation (SD) of spot position

25 - (how variable the spot positioh iS);_ and/or sfandard devié,tion of the spot quantitation
(how variable the spot expression level is), and the saturation value (corresponding to the
numerically averaged saturation values for each of the spots) are r.;.omputed from the set
of selected images to generate the MCL. One or more of these values will be needed to
interpret the new image.

30 If the operator only selects one gel for the MCI set, default values are used for the

standard deviation values for spot position and spot quantitation.
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The master composite can also include the molecular weight (MW) and the

20 isoelectric point (pI) for the proteins corresponding to the master composite spots.

The MC and MCI are presented to the operator in a step 16. This allows the
operator to do a review of the MC and the MC], and confirm that the analysis and
interpretation of a new gel image (NGI) should proceed. Processing continues by way
of flow chart connector 3A to a step 17, shown in FIG. 4A.

25 In step 17, the operator selects a number (#) of spots that are present in both the
MCI and in the NG1. To facilitate selection of the spots by the operator, both the MCI
and the NGI gel patterns are displayed for the operator. The spots selected in step 17
function as common anchor points for aligning the NGI with the MCI. ' The common
anchor points, being spots present in both the MCI and the NGI, assist in getting the two
30 images aligned with each other. The common anchor points are used to mathematically
slide and rotate the two images with respect to one another so that the common anchor

points are lined up.
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20 In step 20, a number (#) of anchor points is selected from the MC. The spots
selected in step 20 function as primary anchor points for aligning the NGI with the MCI.
The master composite is searched to identify a predetermined number of primary anchor
points. Preferably, fifty (50) primary anchor points are used, but other numbers of
primary anchor points can be used, less than about 3-500 or any range or value therein,
25 such as about 5-20, 20-30, 30-60, 60-200 or 200-500.
The primary anchor points are éelected so that each of the primary anchor points
is separated from the other primary anchor points by a least a predetermined separation
threshold. The predetermined sepafation threshold can be, for example, about 1-200 mm,
such as about 10-40 mm.. A preferred separation is 20 mm..
30 The primary anchor points are selected to each have a saturation value S that falls
within a predetermined saturation value range. The predetermined saturation value range

can be, for example, about 0.2<5<0.8. Primary anchor points would then not contain any
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selected so that an SD% for IOD% is less than about 40%.
As another example, 10-2000 spots with the best X, 10-2000 spots with the best
Y, and 10-2000 spots with the best Z are chosen. It is then determined whether the
20 chosen spots are sufficiently separated. For spots that are too close together, the spot
with the largest sum of SD%X and SD%Y is discarded. This process is repeated unti!
the desired number of spots, e.g., 1-1000 are chosen.
In a step 21, the NGI is searched for each of the anchor points selected in step 20
using the (X,Y) position of the-anchor point and the 10D% (Z) of the anchor point. For
25 each anchor point in the set of anchor points, an X position coordinate, a Y position
coordinate, the IOD%, and the spot number are determined. This information can be
obtained from the MC (the anchor points selected in step 20 are selected from the MC).
For each anchor poirt in the set of anchor points, the new image is searched in a region
defined by X+6"X and Y£8°Y. &X is an X position coordinate tolerance and §*Y isa Y
30 position coordinate tolerance for the (X,Y) position of the anchor pdint. Preferably, 8°X
and 8*Y are each equal to 1 mm. However, §*X and 8*Y do not have to be equal to each

other. The region defined by X+8"X and Y+4"Y is searched to locate a new image spot
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by way of flow chart connector 4A. If it is determined in step 24 that there are more
anchor points to search for, then the next anchor point is selected in a step 25. Processing
then continues at step 21 until all anchor points in the set of anchor points have been
searched for in the new gel image.

20 In step 26, the NGI is “rubber sheeted” to fit the MCI. As known to one of skill
in the relevant arts, rubber sheeting is an image processing term whereby the pixel
positions of an image are given vectors that are distorted to produce a “distorted” rubber
sheeted image. The rubber sheeting process is done for display and spatial calculation
purposes only. The raw gray level data associated. with each pixel remain unchanged. .

25 Visually, rubber sheeting is akin to distorting a picture on a sheet of rubber or latex, such
as on a balloon. When the balloon is pulled, the picture is stretched or distorted.

To rubber sheet the NGI to fit the MCI, the (X,Y) coordinates of all pixels in the
NGI are corrected by another position correction so that the new image common anchor
spots in the NGI fit geometrically over the corresponding master composite common

30 anchor spots (see above discussion with respect to steps 17-19). The rubber sheeting
process uses the common anchor points (corresponding to the new image common anchor

spots in the NGI and to the master composite common anchor spots in the MCI) to
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In a step 19, |gne position correction Is
appl i éd electronic n01se artificially move the center of the spot.

From this first set of selected master composite spots, a set of secondary anchor
points is selected so that each selected master composite spot in the set of secondary
anchor points is separated from the other selected master composite spots in the set of
secondary anchor points by a distance W that is greater than a predetermined number (#)

20 of mm. This ensures that the spots selected for secondary anchor points are not too close
together. Preferably, W is greater than 3 mm.

In an alternate embodiment, W increases from the top of the gel image to the
bottom of the gel image. This would compensate for the fact that spots are very small at
the top of a gel image and large at the bottom of a ge] image. In yet another embodiment,

25 W can be a operator-defined variable that could be set for each new gel image being
interpreted. -

In a step 28, the NGI is searched for each of the secondary anchor points selected
in step 27 using the (X,Y) position of the secondary anchor point and the I0D% (Z) of
the secondary anchor point. - For each secondary anchor point in the set of secondary

30 anchor points, an X position coordinate, a Y position coordinate, the I0D%, and the spot
number are determined. This information can be obtained from the MC (the secondary

anchor points selected in step 27 are selected from the MC). For each secondary anchor



so that the W@H% of the new i nege conmon anchor spot is al P PRAY 111
the position of the naster conposite common-anchor spot. The position

correction corrects the (X, Y) 15 position of the new i mage common
anchor spot so that it is aligned with the ppsition of the nmaster conposite
- common anchor spot. The position correction thus determined is applied to

the (X Y) positian ilﬁ&e%gﬂ%éynp%tahée}}& ?sinﬂqhehem}dag@ists@&cmqinwrkgﬁﬁ e -

From step 19 through step nput or intefvention from
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h ints i s selected f h Th lected in step 20
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anchor points. Preferably, fif 50) pri mar%( anchor_ points _are used,

) b
other rnbers ¢ epeh athey The FRgiondeiied Ryakel ard Y =0 e ds searphed dn deratea sew
or any range or ia, ti . . ﬁﬂ ,
60- 200 or 200- %‘égé%éméﬁ%aamogﬁ/%@r%gﬁ&gng% se et(?tfgl_ s%ot t ggc g?-
the primary ancharIQR¥tokrance. SBpsisexpessedanZtbsZ. ovitke 5°Zobsingithe 10R%h doleraneat s
by a | east a prgdeterm.ne ] eshol d. The predeterm ned
separation t'hrﬁﬁfﬁﬁ%éﬂegéﬁﬁﬁg&%gkéd%' about 1-200 mm such as about
1040 nm . A pref err erhestoepdme ivalnes 8°X28nddY. catlbe smaller than the tolerascepraluss X

anchor points are sel ected tQ each have saturation value S that falls
wi thi it pr edet3Bf A" Xeldes sten 2l Besmige fearubhe cetigProretSoBAvSte an 18P #A38 on

val ue range Camigﬁed fHrNEX B enosagqy%@m%%ﬁz a ShblT& posA¥nREioAH8 S be
woul d then not contaln any WO 98/ 11508 ' -

PCT/ | B97/ 01114 searphed togiogasp hetlesiredyspots Howexen, 817 oan brothesemp @e St becansaige.
This is donel fsqusmt %htegtgx}ggkd@ésyo@rg%tsp%sgi aﬁ%ﬁg@rﬂ&ﬂnts Qéégr %%?B ct e

weak spots. a spo I'nS sone satur pl xe oul'd not be used
as an anchor paquastitatitn sepresefted by ZqIOB&)sat ur ati on of the spot makes it

L O Oqp gL PR Bl NG 5 B i B0 30 B
el ectroni c noi $@tiRANGT sak Edrrespbindso $hd de0ondaty adthoflpsike)ss dptexfiined An & dedision
center positio gte(}::azg, &lersl (t)heblgcagc:e%l n%gvl i%taﬁéj s;gjost iisna%sitgxtx]eed aS Ep%% number that is the same as the
spot number for the secondary anchor point in a step 30. The located new image spot and
its corresponding secondary anchor point are then considered to be “matched”. The
20 matched secondary anchor point is then removed from the list of secondary anchor points
to be searched. The matched secondary anchor point is also removed from the master
composite spots that remain to be matched to spots in the new gel image. Processing then
continues at a step 31. _
If a new image spot _that corresponds to the secondary anchor point is not located
25 in the NGI, then processing also continues at step 31.
In step 31, it is determined if there are more secondary anchor points to search for.
If there are no more secondary anchor points _t6 search for, then processing continues at
a step 33 in FIG. SA by way of flow chart connector 4B. Ifit is determined in step 31 that
there are more secondary anchor points to se_ar_éh for, then the nextl.secondary anchor
30 point is selected in a step 32. Processing then continues at step 28 until all secondary
anchor points in the set of secondary anchor points have been searched for in the new gel

image.
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poi nt ipn the smcxom@nsﬂwmaparah&;tcmaaié;nﬁtseutmarsemuﬁmmtrew ithage BAGsL FON
coordinate, the 10OD% and the spot nunber are determ ned. This |nforrrat|on

can be obt ai ne8edlyRaiT phmaighed ﬁleés Anrasir inereated: Jbe basecef the vegterisan the MCI
sel ected from phg lvg% chgﬁhe gRfReRPAH OT hePRichr ekﬁn&?ﬁoﬁ e MICIaR Eﬁkﬁ-rr%ﬁﬂ' ot

the new i mage 1s se relon defined by Xerr
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anchor point. E’jr%k E ergg ﬁﬁpe(a lea?ir@% { er ﬁ%}g@e&{e&gg{] eth 2@ %tﬁéétﬁ)gr?&fthet J}ﬁle
Howevds, [err] sowldbe hmasqrﬁd ﬂamatmuo tfmmdtocﬁ theeveetpn apposite éathe basd) ¢hat isThelative
;Sg{ on d\?\g gg?ﬁ%%@éle ! >§ucpnd Xitgrhzr\tlv\é r}xesasEr%%regth\sgulEi %rgd?xgea 5 ar‘;iglg that dﬂ;P fea
PCT/ 1 B97/ 01114by 185 degrees from an angle measured relative to the MCI anchor point. In step 34, the

length and angle of each matched pair vector (the vector for each matched pair) are
calculated. Spots which lie on the edge of the gel cannot have five other matched pairs
20 lying around them. Therefore, one has to compensate for this either by omitting these
spots from the analysis or by extrapolating the tendency of the vectors as they come up
to the edge spot.
In a step 35, the difference between the matched pair vector and its nearest five
vectors is computed for each matched pair vector. Preferably, five vectors are used in
25 step 35, although other numbers of vectors could be used. The length and angle of the
* five nearest vectors to each matched.pair vector are computed. The vector length of the
five nearest vectors are averaged to form an average nearest vector length. The vector
length of the matched pair vector is subtracted from the average nearest vector length to
form a vector difference for each matched pair. A set of vector differences is thereby
30 created that corresponds to the set of matched new image spots. In a step 36, the vector

differences in the set of vector differences are summed to form a vector difference sum.



that has an hiH¥eidshgt hat is equal to the | OD% of the anchor PRicHmoFb1ils AN
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| OD% t ol erance. Preferably, the 10D%tolerance is 0.1-50, e.g., 1-20, 5-20,
10-30, 30-50, or 25-35% If a new inmage spobgis located in the NG in the
search in step 21 (there is a spot 5 in the NG that corresponds to
t he anchor point) as ' | I, S ; s b I ew
i mage spot is assi gnle avee(s:%g ?ﬁ%aér%%?ortq Ex%téileg 9?J§§esqgr§%€thxgg&{?%éés§§a&a%%§%§§}
for the anchor lesimdt been anadee pThS largése viecton difterenees iimnlgpe set poft vemtod differences

cofr respondi ng anchor. poi nt h C | dered ta be "matched"., The nmatched
anchor poi nt isf?ﬁéﬁ“‘y%ﬁgkﬁégﬁﬁﬁbﬂﬁﬁaﬁsmé? aB?’Yé"r?g‘PF&P“Sﬁ&&ﬂO "c‘ﬁ"lbeg?’gﬁ? m;gd.
The matched anciyets &l Bichof p8in&OmaP not have béerR¥®d [ 9Rich! By, WRREIRU pairs that
conposite spots that remain to be nmatched to spots in the new gel inage.

Process? ng t hercasisprandie s prrdeigrminggd pergentage of theclargepiugetos differenegs within the set
d e . _
ot S0 conti nues ot eefohaBtreRisry Snfioni B fBfin el B ufiaendd Bl HBEE RRAES

anchor points tSinexthedistértion within & gelds uually greatest pttha edgasrtherafor igol inpgenths

to search for, th i t te ' | 4B f
flow chart con néaa érg g F Qé?%c tﬁ%tfsar?%lel%ge'?i& é tIE g ﬁ%m%ttg%?dl, ﬁ’eé’?%%‘%‘lip?gtac&sl) Hé‘ﬁ’c‘g%a\g@e\é’f?gr e
anchor points trelatieatothe inatches dieund them aad hotdnabsoiutp térk. MWhetter eis R dalctlard
step 2 anchoy points in

Processing then continues,at step 21 .until all
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skill in the relevant arts, rubber sheeting’is an Irnage processing term
\évher eby g he pi mgfemeést iagﬂ&né)l&zah tb rraggnﬁﬂnehg'hicag vE&6E Qﬁﬁ“eﬁﬁheés #lE within a
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Vi sual I%, rubber sheeting is akin to distorting a picture on a sheet of
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rubberl®r | at exdiffergrees apuld-pempmatehsdn Theney image spots thab arejusmatahed in stgm3Y are
picture is str i £1bb | ,
the (X Y) coorﬁl%gggémélgggﬁﬁ%%xe dsﬁg&n [ Te éf tﬁg%SZgggﬁeﬁset%Peb@d\}gﬁgp ﬁrg%ﬁ
posi ti on cor r eche eorss matdhes thahbavecheen mpde thiopeinnindhe prcesspot s i n the NG
fit geonetrically ovgr the, coprespondi n ter c 0S| co n_30

anchor spots (see a emaﬁgﬁmé‘éf&pf gﬁ‘ﬁ%ﬁ&ti‘eff gggctoé‘b}sgﬁ“/e-qg)é.caﬁeg PiBBer
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| n
g O ATy i ther rubber sheeting process is carried out to fit the NGI to the MCL. The rubber

sheeting process in step 38 is carried out in the same manner described above for the
other rubber sheeting steps, such as step 33.
After the rubber sheeting process, an attempt is made to “rematch” the pairs that
were unmatched in step 37. In a step 39, a search is made in the NGI for the spots in the
25 new image that were unmatched in step 37. In step 39, the NGI is searched for each of -
the unmatched new image spots that were unmatched in step 37 using the (X,Y) position
of the corresponding unmatched anchor point in the MCI and the IOD% (Z) of the
corresponding unmatched anchor point. For each unmatched new image spot
(corresponding to each unmatched anchor point in the MCI) in the set of unmatched new
30 image spots, an X position coordinate, a Y position coordinate, the I0D%, and the spot
number are determined for the cormresponding unmatched anchor point. For each

unmatched new image spot in the set of unmatched new image spots, the new image is
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in the NGI that corresponds to the unmatched anchor point) as determined in a decision

step 40, then the located new image spot is assigned a spot number that is the same as the
spot number for the corresponding unmatched anchor point in a step 41 (see F1G. 5B).
20 This matches the new image spot with an anchor point which may or may not be different
to the one that it was matched to before. The re-matched new image spot and its
corresponding anchor point are then removed from the list of unmatched spots to be
searched for in step 39. The re-matched new image spot is added to the set of matched

new image. spots. '
25 In a step 42, it is determined if there are more unmatched new image spots. to
search for. If there are more unmatched new image spots to search for, then processing

continues at a step 43.

If a new image spot that corresponds to the unmatched anchor point is not located
in the NGI in the search in step 39, then processing also continues at step 43. In step 43;
30 the next unmatched new image spot is selected. Processing then continues at step 39
until all unmatched new image spots in the set of unmatched new image spots have been

searched for in the new gel image.



interpreted. | the NG is searched for each of the

anchor points "28%’2%@ |n step 27 using the (X Y) position of tﬁr&g@g ary -
anchor point and the I0D% (Z) of the secondary anchor point. For each
secondary anchor point in the set of secondary 30 anchor points, an

X position coordinate, a Y position coordinate,” the |OD% and the spot
nunber are determned.. Thig information can be ob% a fro the MC (the
secondary anchor poi n{oice afl sematebed neydmage spatyindhe setof ynma ‘EIHEW 8¢ fRpts
each secondary apsiQfeen sea¥hed%éria Hithew %el image, processmg continues at a step 44 (see FIG.
PCT/1B97/ 01114 -27 - point in the set of second ar?/F anchor points, the new
i mige is sear che8B).nStapy ¥y#6 arecinplogevs testeps Sdr3fia ﬁP)@én&tepﬁéﬂr‘ﬁ%?PWed out
[err] X is anXpstl C C 8 |
coordi nate toler g‘nichg %%pﬂe ?‘gﬂlg}f %@‘%&p%?é?{éﬁ{éﬂ&é@ﬂiﬁ%@g@g@ ?@’ﬁh@%ﬁh& 80 C?Ch
Preferabby, [errmakhed d:e{nemaig‘d spoteinethe lsetcufirabtchel fi2vs imuge dpoveeVEhe sdcond ]vé(:tor
and [err]Y do no ave t 0 .each ot her he r

defi ned by X[erritl‘]f Fcss g?fd&?[ ‘il‘{afi‘sfis{’%ws}’é‘ég%ﬁ%slaﬁ puspmed o 1R, 3 %ﬁ&%‘i Ypder

that has an | OD%;flerdcB@bml Qneﬂﬂéﬁ 47 Git i Getb bBR O WhEMEr §RGH! %ﬂv&%@ffereme
point [err] an 10D%to| erance. ThHis 1 s expressed as Z[errg[err]z W t

[err]Z being 't heobtaiped umstepsa%éG isramesller thanythe smmpmt@rcﬂl mne@obtgmz@% stgpre
t ol | ;
21 F7 5150 v oo ol o R B Rt R e BB ie

processigonduct eﬂhen mhespnepesgfis bia:nng,l angrpddtntmch\d@larmhmm mbdes elf thd memdrehmlenﬁso

that a smaller position re | s t 0. searﬂ%églocatethe d(fglre
spot. However, [ESPakerthan ﬁﬁmﬁ iy e QETRCES &S TeRpRed PX FIWmingg
process only af f Rcdtép B@%éeE'PQGaSAF{d ﬂﬂﬁaas thedléksRREhEOIf BelvR8ior diference is not
quantitation represented by Z (10D% . I f a new i nage spot

is |ocated in thenalgr thap bqferes?éaﬁue@nnmdsméfyng (hen@rlemtéo thegpatching preesnis
t hat correspondsbée o (ﬁe \'k‘?@crdsxﬁﬁ'@&ﬁnug Ohd & e[ 8. determned in a decision
oca

step 29, then the mage” spot 1I's aSS|gned a spot nunber that is
the samt5as the spot Itlshdnﬂd be aoted hethsebmvnjqua}at)acrmﬂt_mi sybodutine] thatifsinegnssdined,
The | ocated new ot and correspondi ng_ seconga or int a
t hen consi der ed tb\s gcéve ;ﬁ'ﬁ?e@ﬁ 8%u.ld rlef\ﬁén certan cxrgumganceg% ﬁ’le %Xm%&%?ng ofprgany orall®

of the vectors (e.g., the possibility exists that if 10% were unmatched each time and only

9% became rematched, all the matches would eventually be unmatched). Therefore,

various methods to constrain the process need to be built in. These may include but are
20 not limited to: expressing the vector difference as a value divided by the number of

matches, limiting the number of iterations of the loop, variable selection of the percentage

to be unmatched (e.g., 10% first cycle, 9% second cycle, 8% third cycle and so on) and

each of these may be made conditional on factors like the total number of matches (for

example, if this is increasing, then no constraint is necessary) or the degree of change in
25 the vector difference between one cycle and the next. _

In addition, certain regions of the gel ma be more likely to have higher spatial
variationability than others (e.g., the edges of the gel) and this might result in the gene
matches (at the edges) being unmatched each time and incorrect matches in the middle
of the gel being missed. Therefore, the get may have to be divided up into areas (sectors)

30 and the unmatching process in step 38 repeated image to unmatch the worst X% within

each area.
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a saturation value S that is in a linear range for the type of image capturing device that

was used to input.the gel image into the computer.
In step 49, all master composite spots that have a saturation value S so that about:
20 0.2<5<0.8 are selected from the MC to form a set of well-defined spots. In a step 50, the
NGI is searched for each of the well-defined spots selected in step 49 using the (X,Y)
position of the well-defined spot. For each well-defined spot in the set of well-defined
spots, an X position coordinate, a Y position coordinate, and the spot number are
determined. This information can be obtained from the MC (the well-defined spots
25 selected in step 49 are selected from the MC). For each well-defined spot in the set of
well-defined spots, the new image is searched in a region defined by X+8°X and Y+8°Y.
8%X is an X position coordinate tolerance and 8'Y isa Y position coordinate tolerance
for the (X,Y) position of the well-defined spot. Preferably, 5°X and 8Y are each eciual
to 0.1 mm. However, 6°X and 8%Y do not have to be equal to each other. The region
30 defined by X+8'X and Y+8?Y is searched to locate a new image spot.
The tolerance values 8°X and 8°Y can be extremely small because the spatial
alignment between the NGI and the MCI should be essentially perfect. This near-perfect
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Steps 55-62 are carried out to detect and match saturated spots. As one example,

20 saturated spots have a saturation value S that is greater than or equal to about 0.8.
However, the saturation value for saturated spots could vary based upon the type of image
capturing device that was used to input the gel image into the computer. As noted above,
scanning devices that can be used to input the data to the computer tend not to be linear
at high and low optical densities. _

25 In step 58, all master composite spots that have a saturation value S so that $>0.8
are selected from the MC to form a set of saturated spots. In a step 56, the NGI is
searched for each of the saturated spots selected in step 55 using the (X,Y) position of the
saturated spot. For each saturated spot in the set of saturated spots, an X position
coordinate, a Y position coordinate, and the spot number are determined. This

30 information can be obtained from the MC (the saturated spots selected in step 55 are.
selected from the MC). For each saturated spot in the set of saturated spots, the new
image is searched in a region defined by X+6°X and Y+8 Y. & X is an X position
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there are more saturated spots to search for. If there are no more saturated spots to search
for, then processing continues at a step 63 in FIG. 8 by way of flow chart connector 7A.
If it is determined in step 61 that there are more saturated spots to search for, then the

20 next saturated spot is selected in a step 62. Processing then continues at step 56 until all
saturated spots in the set of saturated spots have been searched for in the new gel image.

If a new image spot is located in the NGI that corresponds to the saturated spot

in step 57, then processing continues at decision step 58. In step 58, it is determined if

the located NGI spot corresponds to more than one saturated spot in the MCI. The

25 number of spots to which the located NGI spot corresponds is determined by looking at
the spot centers in the MCI. If the located NGI spot does not correspond to more than

one saturated spot in the MCI, then the located new image spot is assigned a spot number

that is the same as the spot number for the saturated spot in a step 60. The located new

image spot and its corresponding saturated spot are then considered to be “matched”.

30 The matched saturated spot is then removed from the list of saturated spots to be

searched. The matched saturated spot is also removed from the master composite spots
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With reference now to FIG. 8, processing continues at step 63 by way of flow

20 chart connector 7A. Steps 63-71 are carried out to detect and match weak spots. As one
example, weak spots have a saturation value S that is less than or equal to about 0.2.
However, the saturation value for weak spots could vary based upon the type of image
capturing device that was used to input the gel image into the computer. As noted above,
scanning devices that can be used to input the data to the computer tend not to be linear

25 at high and low optical densities. - | _ o

In step 63, all master compdsite .spots that have a .saturatiOn value S so thﬁt S<0.2

are selected from the MC to form a set of weak spots. In a step 64, the NGl is searched
for each of the weak spots selected in step 63 using the (X,Y) position of the weak- spot.
For each weak spot in the set of weak spots, an X position coordinate, a Y position

30 coordinate, and the spot number are deténnined.- This information can be obtained from
the MC (the weak spots selected in step 63 are selected from the MC). For each weak
spot in the set of weak spots, the new image is searched in a region defined by X+6X and
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the edges of the gel) and this mght result in the gene
matched to spots in the new gel image.
If a new image spot that corresponds to the weak spot is not located in the NGI,
20 then processing continues at step 66. In step 66, the search of step 64 is repeated using
very sensitive parameters and shape characteristics. The region defined by X+6X and
Y+8'Y is searched with a second sensitivity that is higher than the first sensitivity used
to carry out the search in step 64. A shape criterion is also used to rule out those spots
_ attributable to electromnic noise: The selection of the sensitivity and shape criterion can
25 be carried out in the same manner as discussed above with respect to step 7.
If a new image spot is not located in the NGI in the search in step 66 (there is not
. a spot in the NGI that corresponds to the wea.k spot) as determined in a decision step 66,
then processing continues at a step 68. If a new image spot is located in the NGI that
corresponds to the weak spot, then the located new image spot is assigned a spdt number
30 that is the same as the spot number for the weak spot in step 69. The located new image
spot and its corresponding weak spot are then considered to be “matched”. The matched

weak spot is then removed from the list of weak spots to be searched. The matched weak
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From step 69, processing continues at a step 70. It is determined in decxsxon step
70 if there are more weak spots to search for. If there are no more weak spots to search
20 for, then processing continues at a step 72 in FIG. 9 by way of flow chart connector 8A.
If it is determined in step 70 that there are more weak spots.to search for, then the next
weak spot is selected in a step 71. Processing then continues at step 64 until all weak
spots in the set of weak spots have been searched for in the new gel image.
In step 72, the entire new gel image, outside of identified or matche_d spots
25 | (outside of the set of matched new image spots), is searched using a normal or first
sensitivity level to locate unidentified spots. Thé spots that have been matched or
identified are set aside When conducting the search in step 72. In a decision step 73, it
is determined whether a spot is located. If a spot is located in the search conducted in
step 72, the located new image spot is added to the list that is to be reviewed by the
30 operator, and processing continues to a step 75. These spots are put on the operator.
review list because they could represent something previously unidentified, like a new

protein. The search in step 72 locates a first set of unidentified new image spots.
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i s assigned a spot nunber thaE i s the sgma as the spot nunber, for t

nJe
wel | -defined spot Artwe siepsgash regime 13 Bied (@ GORTETYS; SoHpates BBte anddo Tgease the
corr ggpondi ngs%g{i l»\iif%ﬁ\%iﬂ’?ﬂle%%ﬁlaﬁé& danYe doRESTRERIAM sdRitety sBREE estep 77 e

mat ched wel | - ined spot is then removed fromthe |list of well-defined
spots to be seandukted.firftie onder theatnays|spmgspeis dtony fhstargadto be searchkado\Regrohingm

the master co i te,spot . Is t: in
t he new gel | éigpelgpgx%gt s?tErlcg%% hs(ra‘(ﬁ%géﬁ{}}je%ﬁ%%ndasten%{lgltng%a@. ﬁIQFéB a?s(r)fg\?vp‘?ﬁrr%ge.
spot is not | gtdiofdomputettimé@hetriuatber of spetshatdsed to belanalyzed bydbapeie tedugrst |

Do Py ocee ! B9 e SR ek b SRRy 55 | Lo et ermned
vel | 4gefi ned spot s 14 Qe P8 e nehel irhdp@ang tRarSsr 0emposite imagesarapresersddip tHe5 15
in FIG 7 by way of flow chart connector 6A. If it is .determ.ned [n step 53
that there ar €peBos a@@!&]‘”‘@bﬁ‘t’ﬁ%’%‘%‘l’i‘s‘tﬁn ated dpripg the iptgmretation ﬁ@?ﬂa?ysxsp
wel | -defined gpQkcd Sria@ipefatd?€ah thedt defeBfline what to do with the items on the spot review
list. The items on the spot review list include the “trouble” vectors determined in step
48, as well as the “new” (unidentified) spots added in steps 74 and 77. The operator can
20 look at the images associated with each of these items, as well as the tabular image data
associated with these items, The operator can then deterrﬁine whether the unidentified
spots are new proteins that should be added to the MCI, as in a step 79. Processing then
continues to a step 80 in FIG. 10 by way of flowchart connector 9A.
If in step 14, the operator selected either 2) a different exposure of the MCI or
25 3) the same sample as the MCI, then at this stage the computer carries out a correction
process with a view to correcting for the limited and or non-linear response of the image
capture media. Option 2) is intended for use where sev_eral exposures (usually of
different lengths of time) of the same gel have been collected and option 3) is intended
for use where the same sample has both cases, the ratio of the spots in the MCI and the
30 NGl are calculated (excluding those spots which were added in steps 68 and 79 (where
new spots were added to either the NGI or MCI respectively). Various methods of

correction can be used but the preferred method consists of taking the highest 5% of the



54. Processin ntinues at step 50 until all’ wel | - defined
the set of vvengép@Wed spots have been searched for in the ne#&&&m&ge.
Steps 55-62 are carried out to detect and nmatch saturated spots. As one

exanpl e, 20 saturated spots have a sg%uration value S that is
greater than or equal to about 0.8. However he saturation value for

d | d h I, .
Chat aes uend t ganenas m SR RE may Bt piaafhe Bt Buib S 80
scanni ng devi cespdhfibn §ﬁ9¢tﬂ% tH6 BightA 1099 Bf the Réméaliaing, §tgp BleTREPRIY 6F all @mﬁese
not to be linear at hi | ow optical densities.

step 55, all naspels rs;gn«rp@wr@aedspaeg 82 kealculatipa @t@ypaﬁqtmcfamralanéﬂs 10D Yaims

S 0.8 f
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step 55 qusing the (X The mskthﬂemOQﬁergé\mesamaﬁéeférﬁm@étwoﬁnfagmht@aatlurmteﬂ
spot in the set of sat grat ed spots n, X pos on cooyrdi nat e, posi tion

| 1
coordi nate, and RUSRes§Sbthe XAME cé‘bﬂépﬁ‘ien’f’ﬁg’aﬁ asppme thgy this is a about Jﬂf@?’h‘ﬁqtﬁ"an
can be obtai ned 4. 9Bt @fecd\@e(tﬁllg‘%vlﬁ%ﬂfd’ép%ﬂdx%@%hﬁl;\é?h@%fﬁﬁ’agerﬂeﬁcﬁBnﬁﬁd dpture
i

selected fromthe MC). For each saturated spot e set of saturated
spots, the néw isysigesiuseds sBhigisdans hy selectige Siomythe MEkalbspolginsidg thedingar range of
Y[err]Y 6 Xis 8/ 11508

PCT/ 1 B97/ 01114 _tﬁ%&ée&@%io%ja%ﬁlgte R0 ezr ance and [err]Y is a Y position
coordi ngX e tol erance Ffmemﬁhs@mdﬁgepaqiosummrm‘gel lvadahwith mbreckanypdd) than the MCl

[err] v do not  nilbe BB el ePut e s SR SRHEN2 SatFa fRon e Finee 5l

anld Y[err]Y :s Sﬁ?&ﬁﬁkﬁ%t&&fdr[ﬁméafﬁxeﬂawlll nage Spot [5 X and [ The
tol erance val ues [er an rr are | ar e ery and [err]
because the spots cenﬂf %B’rs ?%&’@85‘55 r@aﬁ%\gﬁ&ps§a§mpl§)m,ﬂpwm
Therefore, a | anggf foRGR3pdts! uapﬁo?asé@muwsk&ﬁaa@nmb%ﬁwémﬁﬁm fibmthe RGI
saturated spot. For hi gh(g/ turated sgots (hereby defined as having nore
t han 9 ¥at ur at edugbubstibited fos those pftheMoE]. t he spot centre is determ ned by
usi ng the spot shape 4,
cases where the saturigip Qlﬁ%fééﬁégéfg'o@g?gﬁ%osrpo 5 lﬂgﬁﬁéfr?ei po?&éﬁgfﬂ' qﬂ%smy itis
possible to extend the quantitatable region of the apparent dynamic range of the image

detection system.
In an alternate embodiment, the operator can be queried to enter the molecular
20 weight (MW) and isoelectric point (pI) for proteins on the new gel image for which this
information is known. An interpolation is then carried out using the "known" MW and
p! values to compute the MW and pl for the other "unknown" proteins on the new gel
image for which the MW and pl are not specifically known. The MW and pl for each
spot on the new gel image are added to the tabular image data (image data file) for the
25 new gel image.

Steps 85-93 in FIG. 10 are steps that are carried out so that an operator can
identify changes that are relevant to an expenment or project. Steps 85-93 are directed
toward the analysis of individual gel images, or groups of gel images and do not involve
the use of the master composite or master composite image. The MC and the MCI were

30 used throughout the previous steps of the process to analyze and interpret a particular new

gel image.



the saturation area is divided up into a nunber of:areas corresponding to

t he nunber AYO8YBISE8 existing in the MCI and spot centres are BETABI7MEY
accordingly. If a new inage spot is located in the N@ in the search in
step .56 (there is a spot in the NG that corresponds to the saturated spot)
as determned in a decision step 57, 15 -40-  then processi ng conti nues at
a decision step 58. If a new inmage spot is not located in the NG that
corresponds to the bastep 85cthemperatortihgneriad dsstodhat stakistindl compartsenishpald bet ep

61 if there are e saturated spot rch r..1f t.her - oL
saturated spot 'éseggbgeﬁ’%&g yegp ,%’et%%ﬁﬁ%ap g’cegg)giuﬁﬁj‘ Lh% sFrnmu@ébeartes’ée%{se? ggﬁ%%lﬁ,
FIG 8 by way wfertéroadditicrial daanidis mightAe fof exdmpls tithe e orden esl perfiord @ Pinbdk
that there are nore satyrated spots to se%r h for, .then the 20 . nhext
saturated spot BESERR aralys, a Raricuiapyalyswo F 5 assigri ¢ Fioh imBHE FaSROning Pop
56 untsl all _SW:?,E&@lra%&Oéharab&ﬁ&ﬁ&Iefa@éd 19 theS@Higihal sRpRP Bh 8 shPWS, BRSperator

searched for in the new gel inmage. |If a new inage spot is locCated in the
NG that corr eispskaddodefinethe groups of impgepiotbeicamparegd. Hythis manneprfiest st 0fgel

continues at deci sion st N |y ol etrel @ i ed
NG spot - cor r U S R bR fordel thiedlCirRE Rt Rl wioobi 3535k
number of spot fmdges v €deh ichrtaincometor dndiSgelsipmgesor r esponds i s det ermi ned by
| ooki ng at the spot_cente in the | . If the | acated. NG ., spot .does not
correspond to nore I(%ﬁek)&z ‘%%?Q}PHF%"@BW?SPNS ?%e%’&"f tash sBﬂ‘e IF‘(?C%F’éﬂmnew
i magejgpot is ggsig8nadisadeidindiUuivieihes Bt spod i BignFRABt P diffdrents PH the Upbers
for the saturated spot in a step 60. The located new i maai s&ot and its

cor respondi ng Sigrificantéy diffryentathent propessingssaiéinues tooapdep' §#%t difcthe spgbis not
The mat ched sag.ur. S S . - ' ots
to be searche .13111@%&2%&3%58&3%?&&3? é%@@%éggd {n;é)‘g%cgs%&} ‘l’et%%%%gt?%g%l{ %é&ds §§er
conposi t e spot i the lisfd BBstatisfioally compared. If there are more spots on the list to be statistically
PCT/1B97/ 01114 -35 - . that .remain to .mafched to. sgots in the new gel
Tmage. Pr ocesTIRPHRLDRLHETLpoh R SRRk | Setdt Phchii PRabe i A7, o
sat ur g5 ed spot gntfl Qll BFotP hdeaRee slatisticallycdipapedd 3f it is deterftted bt 88 tHabthelsp@

| ocated NG spot does correspond to nore than one saturated spot in the

MCl, then pr oc’é§§_mf§fa§!%§‘if§$[?§§ than, in astenB% the spot 1%1_?‘3’5‘19‘9",‘ ligtthat sill be reviewed
located NG spgf iHepdtatdiide bt sfote i REA s@listhially cBRgaredat urated spots that

Is equal to

Once all spots have been statisticalfy compared, the list of spots is presented to
the operator in a step 92. An average& composite of tabular data for each group is
20 presented to the operator, along with either original images, or an average composite

image for each group. Processing completes at an end step 93.
The comparison process of steps 85-93 is best understood by way of the examples
discussed below. '
From the description of the operation of the present invention contained herein,
25 and the associated flowcharts, it would be readily apparent to a programmer skilled in the
relevant arts how to implement the present invention using a computer program that
controls operation of a coxhputer system or processor. A programmer skilled in the
relevant arts could, for example, implement the method of the present invention in the

C++ programming language.



the nunber of aspondi ng saturated spots in the MC. For exa drforiths
I s determ ned in&z‘[g‘g’ 58 that the |l ocated NG spot correspondsn?%fﬁree

saturated spots in the naster conposite, then, in step 59, the |ocated NG
spot will be divided into three new i mage sajurated spots. The nunber of

spots into which the |located NG spot is divided is 10 determ ned by
counting the nunper S Escenters in the MOl to which the | ocated NG
spot corresponds: Th € of each divided spot in the NG is based upon
the (X,Y) positional shape of the corresponding spots in the MCI. In an

alternate enbodi ment, the s e chagacferistics t ar ed to divyide,the
saturated spot in th@N@ayg%?ﬂpWchOﬁéée §ompansgp C{}a S é%g ‘gﬁg‘rya%‘i éﬁ"&iitg
by 10oking for g4sagylvhyP@idatdifferehthiMbisOamthi 8nhee iddividual rats, Bad tgad different
density in the MCI. 1n step 59, one saturated NG spot is divided to

produce nore t hdloapressaesspAADGPeedwmags fog arterysekiotiom the thresdiffersnt guimalsare
step 60,. each NG, s Vi I,S: ' . .

nunber. 6?3 t he cgppgg%ghs?\%gagglgﬁrgépggag%@?k?%tp{(?@n%gﬁg{;ﬁiﬁﬁpge#r}?‘ néﬂg’ﬁt&'}v‘i
to FIG 8, procabaticoaldbasiatisteallptcontlaedogiti plosdypredsufd meh2@nimal. The typarof
connector 7A. Steps.63-71 are ried out to.detgct,. and nmatch ts.
As one exanpl e, Sfﬁ@é‘licai %s'%‘ﬁ(’ffjaéegiﬁﬂré?g%ﬁ‘%lﬁ’@ lge%rggrels%xop\éfg}éﬁiﬁﬁﬁes%fm
equal t'o about QfverRpei@mpatddeo 3ivd bibad prssurebiithehnimalealald potariedohd vary

based upon the type Of image capturing devi?e that was used to input the
gel image into the cdohpenather exampls; ere group of e dmagssandeipteteormal orunyeped

used tqgn nput t e t JaTo\d ' s
hi gh aﬁg | ow op't;E ?‘é%?ﬁ%egﬁg?l%@eéggﬁugﬁlg oggglgﬁ’egnéaag 'ltP g?tkggﬁp%%%gs’swg}% gs%eﬂgt
have a saturat i treatediwith Btateuking{L)S] fbr Thostatistical avsragetaf ¢adh spot iheackset of gel

forma set of weak spots. |n ten 64 ' t:he
weak spots sel odreErseareith ST te s iedlt sl siidh iits] 5 oF B mlhed

For teach glgak S Roeinplaredt fmet_h%&fatisﬁcakg&fragp@f se?ctaapr?é indhe Béa;m:l(mbpﬂ ignhh?r?]g_ea ty

position coqrdi nate, .an S er ar et erm.ned. i

i nf ormati on can dﬁ@“’ﬂﬁ?éf'?fﬁﬁ“?ﬁ@ﬂ?q{"ﬁgy a%fe(%gﬁeh\%gﬁlfm?ﬂﬁ? ghesogF@gfréﬁaeaﬁms‘i"géd%S
are seligcted fr qAy thglyMelermine wiaesidteimdite SiRAbed Rithétaups 6f demregallitedpby the ILke
new i nage is searched in a region defined by X err]X and WO 98/ 11508

PCT/ 1 B97/ 01114 1P treatment. ~ |
As yet another example, one group of images can relate tc- normal rats and another

group of images to diabetic rats. The objective is to find the difference between the two
groups. The gel images are divided into two sets: a first set of gel images for the normal
20 rats; and a second set of gel images for the diabetic rats. The analysis is carried outin a
similar fashion to that described above for treated and untreated islets to determine

differences in protein expression between normal and diabetic rats.
4. Implementation of the Present Invention

As noted above, tﬁe invention may be implemented using :hardware, software or

25 a combination thereof, and may be implemented in a computer system or other proceséing
system. Inone embodiment, the invention is directed toward a computer system capable

of carrying out the functionality described herein. An exemplary computer system 1102

is shown in FIG. 11. Computer system 1102 inclﬁdes one or More processors, such as

proccssdr 1104. Processor 1104 is connected to a communication bus 1106. Various



- 36 - Y[err err] X is an X position coordi nate tolerance and [err]Y is
a Y positi % nate tol erance for the (X Y) position of F M1yt
Preferably, [err]X and [err]Y are each equal to about 0.2 mm However,
[err]X and [err]Y do not have to be equal ,fo each other. The region defi ned
by X[err]X and [err]Y is searched to |l ocafte-a new i mage spot. 5
The tol erance val ues éerr]x and [err]Y are smaller than [err]X and [err]Y
because the syofwareen th@emtaare\ﬁ@aﬂnbs%mtsnamfthts@acrédawmomu&nsmm tAfde f or
sat ur at ed spaf V, 0.1
o 1o ot SurraippSHE ekerBol it Kl BBidme ARRAREEa VTG KT RN O
centers for vieak tepiniplembmtt thesinyemténma usidg b;theﬂ emhpwien Systeyns and/ﬁp(nonqmmrer
posi tion can aI so i)e cal cul ated using spot shape characteristics. 10 :
If a new i macgf® WP not located in the NG in the search in step 64 as
detergrined in a de@b@pﬁ&rwsﬁ@n G902 4196 ndMides QTHAiN thepiUFy 11108 préferablyiafBorR6.
If a new inmage spot is located in the NG that corresponds to the weak spot
(there is a sseessimempe RAM)and cearalssisslvde arsscandarymaraospbil0. Serondaryie
| ocated new | BagenspPig i ARAIANES datR APtk Ak 1117 0/ W RnfiabiR®

e ocat

spot nunber fOr weak sp 'ha's ] EW | mage
spot and its stmgmmnllngemsdntlapmﬂompdstWecmmgzmaqberdnvb,em optital disk" .

The mat ched aksot r enov the list o Weaksotsto e
T e ey, Shoy HenpyaBBomee rue 1LY teh8e fom AR/ A whles By EBHYBLEL o
spot ot hat 1 egigape hifit €18RL £WEN khéwi Rftinfier. 'RnisvaBRWt#8ge UriBDES, fefpréseﬁtsw

I mge spot that corresponds to the weak spot, is not located in the NG, 20
then processifiRppydiisk E@tﬁﬁaxt@ﬁlcd@s“l ﬁtcs‘ﬁ’)é‘ﬁh Bgead byeand avritten to by Eamgyable | s
repeated usi d Cslﬂﬂ‘é

regi on defi ne%%@%{’g q?;(& S{eaagegérc e ble géé@gg%dé gtg;nusd} ISVI ty

that is hi ghesomipaer ushbiefstarme mm:l)srnthavmg;staxs:kﬂlerm canputersoftwane arsar data. i n

step 64. A shape c n is, al.so used t

ST b abl o toC of TtemRie sripEliteasSEaidet Mshodt LoREEIEREe Doy simite
shapgs cri t er i mBarsast mémory devices lfisr anawimgebmpmen moQMsmmmnm to be

di scussed above wth respect to Si;léﬁ Lf a negp g? not cated
‘n the NG i roaded insomputer wetem BW2( (Spep anemory V’ﬁe%‘ﬁ‘ﬁtl sluds, %rw %mat

corresponds tQpyliabseddra @aﬁ& 1892 Qﬁ‘d #h Fhiefabel 1420, HR&hslko Bf ﬁ&ocaﬁﬁsnclwsa
pI‘OCESSI ng contil nues at st ep . a. new | nage spot. 1S [ocated in th
NG that cor rpropamieartrisigeland mkdgpoterfa@m@nch wetgatcf@mcbm vidso gameydeviges), a| s
assigned a s r
assigned spof’% oWl ﬁ'{eggugy chip (such %{E&‘ neWM;& P8Ry 13601 PP LocRETRE othéd?
20 removable storage units 1122 and interfaces 1120 whxch allow software and data to be

transferred from removable storage unit 1122 to computer system 1102.
Computer system 1102 can also include a communications interface 1124.
Communications interface 1124 allows software and data to be transferred between
computef systém 1124 and external devices (not shown), such as a scanning device for
25 inputting gel images into computer system 1102. Examples of communications interface
1124 can include a modem, a network interface (such as an Ethernet card), a network
interface suitable for interfacing with the INTERNET, a communications port, a
PCMCIA slot and card, etc. Software and data transferred via communications interface
1124 are in the form of signals 1126 which can be electronic, electromagnetic, optical or
30 other signals capable of being received by communications interface 1124. Signals 1126

are provided to communications interface via a channel 1128. Channel 1128 carries



spot and.it syweg/gsogondi ng weak spot are then considered to bepétnioeds.
The mat ched weak spot is then renoved fromthe |ist of weak spots to be
searched. The mat ched weak WD 98/ 11508

PCT/1B97/ 01114 -37 - spot is also renoved.f4gam the master conposite spots
that remain to be matched to spots in the new gel inmage. |If a new i nage
spot is not |og [ ' : b t 6 t m@'
conti nues at ngg%ﬁgéﬂﬂ? ?}aﬂ&s’{: %lg%%%lﬁblghgmgfa?g@;g%eﬁ (?glef ﬁgerN ?’ﬁc{at haginte %e
sane 5 calludar phon¢ hisk,corRieEpoand etfenwamnmunieatians charmelsCl . Every spot
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even if the correspgﬁml%gm}s‘%getn%%a e(E:I ?ﬁn@ﬁ%ﬂhﬁg@% |%(%’§%l¥tgf%@l
optical densi tyrodubt,’a “progkam tdrigge MvicgMnahd Beorhputer usablé meediiEh’ ardasedato
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located. The spBeraliydeier © Badia PGS FHEOYRY® Hordee ﬂ%‘”ﬁ%\yeig;? ddisk jpstalled in
correspondi ng ﬁ:ﬁ‘&tdikl@ dhil€ 1¥83, andKignals 1126 nrﬁéserboﬁga_utérfiﬁograﬁat proddad previddre
NG is given the sane spot nunber as the correspondi ng weak spot in'the
MCl. In this nsoftware t¢ bemputessyatetrcbl{Ber vati on of spots” in that all of the
spots in the MC are_accounted for in. t t cat ed
inthe NG, it shoupﬁn?ékl iwgﬁragxsz('ggg C\I%QF&JI?O {"8{1{%%3%2%[}8&%3 f}?%rs H)?eci B Hhafi

statistical | y. mEhRrf aal/orfseesndafyememoty 1819, 'Cnsanaerogedinsican hlse bbickceivedaia
real result, and may be indicative thgt sone treatnent of 15

he

cel | dBsulted ¢ommupisauars igierigee Lo ehCORPUIE! PERESRBF.hen s culed, @afalféhq n
the MCI have b Lot d I v '
the NG are. beBREDAHEAE 4102k plifhiy B/ TARES rOMP prident PRI af fabisstd
correspond t o hereinpdopatticslar, Freconuder rsograms ovkensexegutedrenablgesocessay 14040
70. 1t is determ.ned.,i Cj Sl 1§t har

search for. pr?rﬁ%rpémgpfggtﬁgésrﬂg?% %S%‘E’g"&%‘ éoé.oﬂgg%@grﬁl%ﬁ& WE Ué?géo,ir%ﬁsen
processi ng confepresest contrallers epcotdputer dyisém B182y way of flow chart connector
[err]A_ If it is determined jn step 70,that 1.her.e.arF rmr% weak sgots to
searchA5for, then t hin aBgmbgdiment where the inyeotigh i5 jmplegented 7 ysing,sgiwate, e

then conti nuesgqwt fiay®é sivhéd h aRbmpdRa brophRe ?rddﬁcttdﬂﬁ 16dkd fito WERBUBPSsRm
have been searched for in the new i mage. In ste?272, the entire new gel

el .
i mage, outsi delHi2 usingremovakle aprasagen%hllépbaré drive 11
1124. The control logic (software), when executed by processor 1104, causes processor

or communications interface

1104 to perform the functions of the invention as described herein.
20 In another embodiment, the invention is implemented primarily in hardware
using, for example, hardware components such as application specific integrated circuits
(ASICs). Implementation of the hardware state machine so as to perform the functions
described herein will be apparent to persons skilled in the relevant art(s).
In yet another embodiment, the invention is implemented using a combination of

25 both hardware and software.

5. Conclusion

Having now fully described this invention, it will be appreciated by those skilled
in the art that the same can be performed within a wide range of equivalent parameters,
concentrations, and conditions without departing from the spirit and scope of the

30 invention and without undue experimentation.



25 ‘ﬁautm de of the set of matched new i rrage spots), is. searched

using a norMRI9EIS8i rst sensitivity level to |ocate uni denti PCEABIHMMY  The

spots that have been matched or identified are set aside when conducting

the search in step 72. In a decision step 73, it is determ ned whether a

spot is located. If a spot Is located in t4ﬂé search conducted in step 72,

t he | ocated newmaﬁ&l? S Is added to the list that is to be revi ewed by
i

the 30 ope isamventionhas dsemdeserihed; in cennegtipnawith specific. cmmégacr%qoot s
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the first sengt kiihiointft 80K ofE Sopcn@abiinidir oughout the new gel image. If
a spot is loca é I'n the se CO ucte I n steg 75, as determned in a
deci si on stép 76, Nbrdfmdltmmremgsll@mﬂjohma antiskes op absteacts; published of s
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as is done i nréf?x%néé%cafea WRAS the YefedenSQAEIRA heteifil B0 ald &iRelY TREorBotalid B
conputer time. The nunber of spots that need to be anal yzed by shape is
reduced by dorefgrence.irst | evel search at nornal sensitivity. 15

In step 78, the ney, vansl BhivenfiBRAThdtRo FrPhoemem ed
to the operator, al S%L%e?ﬁﬁﬁ%e se%?&?lggﬁsewvlst gener egtsgga,gulraf ng the

i nt erlfr et at i onr conventional meshqu wwsn amhway gie admiseionp et aneaspeet, deseriptionpmt

T ? s ,? Oi \rllmc][ B dé htegﬁxgo&\i{r}egu gf % 8{? Ii)nr\éegtgdn[eig’dlskl%gﬁi Hﬁﬁhft Jr%ﬂggegt@d rnpﬁleﬁ'glggax{t qul ew

The foregomg description of the specific cmbodlments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art (including the contents of the references cited herein), readily modify and/or adapt

20 for various applications such specific embodiments, without undue experimentation,
without departing from the general concept of the present invention. Therefore, such
adaptations and modifications are intended to be within thc meaning and range of
equivalents of the disclosed embodiments, based on the teaching and guidance presented
herein. It is to be understood that the phraseology or terminology herein is for the

25 purpose of description and not of limitation, such that the terminology or phraseology of
the present specification is to be interpreted by the skilled artisan in light of the teachings
and guidance presented herein, in combination with the knowledge of one of ordinary
skill in the art.



48, as well a@(;;&?dg&evv'. (unidentified) spots add'éd in steps 7fcpigb761114
The operator can | ook at the inmmges associ at ed wi-t-h_each of

these items, as well as the tabular inmage data associated.with these itens. ™
The operator can then determ ne whether the 44i dentifieg’ ﬂmwﬂm,
proteins that should be added to the MCI, as in a step o ’ ﬁimmman
continues to a p - LF 10 by way of flowchart connector 9A. 1f 4 n
step 14, the op%&&gg@ﬁ&l‘%ither 2) a different exposure of the Ml or
25 3) the same sanple as the MClI, then at this stage the conputer

carries out a correction process with a viewto correcting for the l[imted
and or non-linear redponsd orethoddor sradizingimages coBPrisingoption 2) is

i ntended for use where se al : | £ 1

time) of the sane gel havgﬂz)eer? @Qﬂﬁ%@ﬁéﬁﬁgﬁ%ﬁ%ﬁa@%ﬁ%ﬂf@ﬁ |negn@{ehggp§)?t8&‘§e
where the sane agﬂmblﬁy b meldirage gRes eadhhew iatage smft havieg apbitepratad bpiicaMBnsiyn d
t he 30 NG are f@lff?“ ated (excluding those spots which were added
in stepd 68 andPyEERiRER a)And ARSIt @nd jded to either the NG or MO

respectively). Various metbhpds gherafiig £mbsteitoafosikEinsge torltié il HalyRInR RS Ake
met hod consists of taki ngt(?jr)\e r%ieghestg 5% of the Vn\gg%/ 11508 i .
PCT/ | B97/ 01114 image, whezgin the magir ¢qropasits dmage; contging arplyraljityndd master qamnesity

hi gh due to el ' | | he hi ghest 10%
t e rema ni ngpO tath BRkeE orhdshE s haAE agquq@gg&gtpdgmoﬁ. e hi ghes

of the remainind step 8L1. The ratl o of s I's then averaged
in step 82 (cal cul ati on of(3} he generating iaamastarctomposeydwhérein 180 masteresonipmsite

o O S PO S B bl D AP  ond

these two i mageglurdlits of malter cdrpositecpptsr pose of the exanpl e described here,
we w il assunme that this is about 0.2< saturation <0.8 but of course this
w Il vary depending on the type of inage detection and capture systens

used, This is done by sel @GﬁaieﬂﬁdfaEéBfﬂﬁﬁQoUQEmQL?ur&ﬁ%&nbﬁ'ﬁh/%e the |inear
range of the detection systens response. 10 IT the NG is a

stronger exposure (or a gé#) | oaliguningithe ahlspst ongmseimage avith the mester: qeaposite
all spots equal ix{g% or bel ow about 0.2 saturation the val ues obtai ned from
S

the NG are sub futed for those of the M.

i5 3. A method according to claim 2, further comprising:

(5)  selecting a set of anchor points from the master composite.

4. A method according to claim 3, further comprising:
(6)  detecting new image spots that have a position that is within a
position tolerance of the position of corresponding anchor points and that have an IOD%
20 that is within an I0D% tolerance of the IOD% of corresponding anchor points, and
matching the detected new image spots to the corresponding anchor points to form a set

of matched new image spots.

5. A method according to claim 4, further comprising:
(7)  calculating a vector difference for each of the set of matched new
25 image spots to form a set of vector differences, and removing from the set of matched

new image spots those matched new image spots for which the vector difference falls
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If the NG is a weattﬂ!" ﬁ! m muﬂwa gel loaded with | ess sanple) than the
MCl then fJVOZB/1150801E IbY ®Bbove about 0.8 saturati oRCTABIMfes
obtained fromthe NG 15 are substituted for those of the M.
Finally, the 40D for all the spotsintthI\/CI Is recalculated. In this way

it is possible to extend the quantitatablh€-regi on of the apparent dynanic
range of the inmage detection system In an alter%%;e enbodi nent, the
e

] ! y {
operat or can Wathiiapredeterraingd pesrentage qfdargest vastopditierences withyg;the set of vgetemd
i soel ectric pgj Ot BSR4 R . mage for which this
I nformation igif n%éﬁ#loAﬁ%ﬁggr%%r%ﬁ on is tlﬁgﬁé g@r‘?’i ed out using the
"known" MW and pl values to conpute the MWand pl for the other "unknown"
proteins on the new gel 4 f ' Wlﬁ .not specifically
known. The MW and §/| for‘“g;ggﬁdsagég{a@gwﬁ%ﬂﬁgw geP‘d?o%ué%{ ‘e added to the
tabul ar i mage data (i nag$) dateledtinged sek of wellalefibed spots fromnks\umgster compssite,
St eps _85-93 ia FIG 10 are ste?&tgat are, caréi ed out so that an operator
can ident i fy EHsTHgNMhERass SRt Babiae2 RAsitiaR taatg v PRSI tofcsrace oftheps
85-93 are dir gedifch 610awes’p&nbﬁf;wtdeﬁh§d Hotd, Rikchithidk doRtted REHSThag Spdl RUPS
of gel images and do not 1nvolve the use of the master composite-or naster
conposi t e i mathe.comrspopdingnilrdelinadspoieand Biging the matchedraw ithagssghisue thelset
previ ous step : anal yze and interpret a particular new gel
Mg, - “vo GePHbEnBy RSt |
PCT/1B97/ 01114 -40 - In step 85, the operator is queried as to what

statistical conparison should,.be used endy upon the statistical
met hod used, the user nZ’Slm @ogé‘éﬁfé@%_&o ?Eli?ﬁ? E1 @Hgfﬁ %ﬁ“ﬂrgm&lt er. additional
datalgThi s might be for (@xanmgtlectinpad stthoOsdlaratedospoey frefmhe madi&@Eomposite,

regression analysis, a particular value wuld be assigned ,to each inmage
cor r espondi ngdetecting new image spath thap haveanqsitionthatde Withinsa pesitien tglesenceof &?e

original sanp -ﬁémopco%@ﬂalnaﬁ§ satbﬁtéa&%@mam?iﬁgwa&e&éa% jifiel SPBts 95 HEPS

of images to be conpared. In This manner, a first set of gel Inages can be
conpared to aceeespaadingtsatratefbspotsyand gddimp the mptchedipew dmagmepote tasthefseiged]

matched new image spots.

15 8. A method according to claim 7, further comprising:

(10) selecting a set of weak spots from the master composite, detecting
new image spots that have a position that is within a position tolerance of the position of
corresponding weak spots, matching the detected new image spots to the corresponding’
weak spots, and adding the matched new image spots to the set of matched new image

20 spots.

9. A method according to claim 8, further comprising:
(11) searching the new image outside the set of matched new image

spots to locate unidentified new image spots.

10.  The method of claim 1, wherein step (2) comprises:
25 (a)  determining a set of selected images, wherein each selected image
in the set has a background and.corresponding spots that correspond to corresponding

spots in the other selected images, and
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I mages can ' el images. Inh a step 87,

statistical %%%iunlﬁm&m‘lmmuﬂ for each spot. In a decrg?gﬁwi%lu
step 88, it is determ*nefl whether® tfie spot is significantly different. |f
the spot is significantly different, then_gjocessing continues to a step
89. If the spot is not significantly different, then it is determned in a
decision step 90 if therg,are i ' .atd st.l.cal
conpared. If there are n@?e s%%?{g?ﬁﬂﬁgetlé}s%é?%éédbghgéegt %’F&é‘gm’fltﬂggﬁ‘%éed
t hen the next copgdrises obtained in a step 91. Processing continues at step
87 15 until .all spots,.have heen.statistically c ared. 1f_ it s
deternmined in step.88 that th® spo‘forﬁ’%“qgligg% ?Yeé%%?t‘f@‘?ﬂsg%?@?ﬁr?mi‘{]gﬂfn tE 4
step 89, the spot i&cagl,@aﬁdga‘taekeit%fséltaédmages,be revi ewed by the operator

once all spots have been statjstically. conpared, gﬂce al |l ,spots have been
statistically conpared, the I3t cAvesagangsthedOpveebearegrondingepadpuythesetofn a

step 92. An aver agestglegf%gﬁaa% % ﬁfﬁ%ﬁ?ﬁg@ﬁg?ﬁtgﬁom For¥adl fhaber ééinposite

presented to the opéral ong W I gi nal I nmages, or an average
conposite image forspegch group. Processing conpletes at an end step 93. The

conpari son process of steps 85:93 is best_ understood way of. the ex | es
di scussed bgl ow. Fromthe des@l‘)l pte}vgﬁaggfgqﬁlgsggi;l&pggﬁ%ges}gﬂ%é%g Sg%ﬁfna{ﬁg

i nvention cont ai neceh@fakelectedSmages to forandntdverags Sghysighle shapk Ofoe leachi snastet
woul d be readily apparent to a progranmmer skilled in the relevant arts how
to il enent the preOsMesIy ntion using a conputer programthat controls
operation of a conputer systeyor ReRpHpShe spdd pasifioh 3NERTespbhdihg Spdtdir fe
rel evant arts could, for exanple, inplement thé nmethod of the present |

i nvention in the Cstgfiselsetadimages laiognangaverage spgt pwitiopforeach master composite
PCT/ 1 B97/ 01114 '41'Sp§t Exanpl es By way of exanple for the conparison of
steps 85-93, it may bé desired to identify why three different ani mals,
such as three individual ratsy)hacomméeg distahdaré deviltiandidr theayenage somposROGE

gel ifpge for artenygells, [r oMt NEhOLGR fid Let ent animal's are

(vi) computing a standard deviation for the average spot

position for each master composite spot.

11.  The method of claim 2, wherein step (4) comprises:
(a) identifying a common anchor point, wherein the common anchor
20 point corresponds to 2 new image common anchor spot and to a master composite
common anchor spot;
(b) determining the position of the master composite common anchor
spot;
©) determining the position of the new image common anchor spot;
25 and ' _ )
(d) applying épositidn correction so that the position of the new image
common anchor spot is aligned with the position of the master composite common

anchor spot.

12.  The method of claim 11, further comprising:
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5 . conpared. Th mm\ \W‘“Ed to | ook for proteins that varied
in their ex\¥PS841¥98, am \ e statistically correl aPSAMPTHIM ood
pressure in the animl. *Thé type of statistical analysis would be a linear
regression. The linear regression of the expression of every spot conpared
to the bl ood pressure of the animal woul d4Be carried out. As another

exanpl e, one group of gel images can relate to normal or untreated 10
cells, such as islets. fe)secdnigrmyininga potguimberndertheqanstercdompesite comawned
cells, such a i ted with interleukin (IL)- | [err]. The

statisti cal a%‘écﬁggébs%’fé@gch spot in each set of gel inmages is conputed. The
statistical average of efch agigningithe hewfimage conehordnchied spbrmspes nimmberahatar ed
to the statistical average of each_.spot in the second set of gel i mages to
det erni ne i f ’LSHE?Saé?eea%‘ggtsP%‘ﬁ ef {pr §he MasienOMAGSIE FMAR ARGHOT P4t oper at or
is able to quickly 15 and easily determ ne what proteins are
changed (either up- or downregul ated) by the IL- | [err] treatnment. As yet
anot h8r exanpl e, ohd gr dhp methadafgtaimch whersin step (D BIDASES: r at s and anot her

group of inmages to diabetic . N i | 145 i deQrifol j ce
bet ween the two groups. %Phe (%;e a?n&tgigﬁ%@mpélgggl#gglga%&@nﬂeag%%}st
set of gel i hafysmirgrantie poimtsyshein each of the predetsrmamed rimber of\primery anicharel
i mages for the .djabetic rats. The analysis is carried out in a simlar
fashion to thB?™fescri bed above for treated and untreated islets to
determi.ne differences in pro{gi n éxsppamsdddforhahiesther sfahdpledetstnicied heiber
rats. 4. | npl enentation of the P ese{?eté | nventi on not ed %E_)O\{‘e thde
i nved®ion may be | AhPEmaRt aghersiginss bY atilrast@ predaterpined sgparsiton threshold, gn
conbi nation thereof, and may e i KR NBRALRGN Valde HATANE Sfithhy &R mbidaer
processi ng system |In one enbodinent, the invention is directed toward a
conput er syst em capatbtatiopivalygrangeng out the functionality described herein.
An exenpl ary conputer system 1102 is shown in FIG 11. Conputer system 1102
i ncl udes one or nore processors, such as processor 1104. Processor 1104 is
connected to a comidini cdthe aretindsofcldit 3, Weherahw step (S\ONBisast 508
PCT/ 1,B97/ 01114 - 42 - sofitware od] : CE | | S
exemiPary comut er Systg A]s?aé‘$€iun;?g L HROE coftpSsiths fehB§h prbieteiiifed Rhmbd
of primary anchor points, wherein each of the predetermined number of primary anchor

points
@) is separated from the other of the predetermined number
of primary anchor points by at leasta predetermined separation threshold,
20  (ii)  has a saturation value that falls within a predetermined
saturation value range,
(iti)  has a standard deviation percentage (SD%) for the average
composite [OD% that is less than 40%.
15.  The method of claim 4, wherein step (6) comprises:
25 (a)  for each anchor point in the set of anchor points,

(i) - determining an X position coordinate and a Y position
coordinate corresponding to the position of the anchor point;
(ii) - determining the IOD% for the anchor point;

(iii)  determining the spot number for the anchor point;
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readi ng this wWeeghidesi onH ] il apparent to a person Sidddaesleisiy
the relevant art how to |"mHMVI I’ ﬂm};@{/enti on usi ng ot her conputer
systens and/ or conputer atclitectbres. Comput er system 1102
al so includes a main nenory 1108, preferablygrandom access nenory (RAM,
and can al so include a secondary nenory 1110. Secondary menory 1110 can

i nclude, for exanple, a hard dg dEda V8 J s f

drive 1114, representing a flogfx d%égﬁ&ﬁé%,&gpﬁgﬁe?ﬁ %P%\e{%ghglﬁ%/dgﬁ}agﬁe X
optical disk drive, pusitionRemoendindst & antX pasjtionlcoardinatelidlerame and by ha i dbosition

wites to a renovabl g . Uk 18 in || knawn man .
Renovabl e st orage u-nﬂ(’%%ﬁtg, tla%ﬁésgécﬁggo%dlp%tgé raﬂf%‘?ﬁoﬁﬁﬁé‘ﬂ”c’%f)é?&%at
optical disk, etc. vilisahIOD% equhl lythariODM fdrithdarichobyoinerQUSR| € st or age
drive 1114. As will be appr ecka&ed,, renovabl e storage unit 1118 includes a
conput et usabl e storage nedi uniVhavi ¥@ nsMoimageshel isloratesip stepr (1Wo rssignirg the

and/or data. In alt%@ﬁé&ﬂ&gﬁ%@@%@a%&mﬂﬁ@m G 2 the ¢ TEMbEAYGL thde

ot-her simlar 15 mean evi ces oW ng ‘conput er
prograns or other i rascherpditths to be | oaded into conputer system 1102. Such
menory devi ces can include, for exanple, a renovable storage unit 1122 and
an interface 1120. Exanples of such can include a programcartridge and
cartridge interface lsuchTlxsmethed of claimis 4 and/1 3] evheerinstep €6) comsprises r enovabl e

menory chip (such as an EPROM, or P, and associ at ed .sqcket, _and ot her 20
removabl e storage units 1122 dAY iﬁ%&@&?%ﬁﬁW'é&W%@QWéﬂ%
data t@ be transferrnpghtr om renovabl e storage unit 1122 to conputer system

1102. Conputer system 1102 can al so_include a conmunications interface
1124. Communi cations interface 11240al | cleicrmwninganeXapsitiha goardingte and a Y

transferred between corrp%%ipﬁééé&ﬁ%&ﬂ?ﬁgﬁ% i R thebodG¥d Sf"‘ﬁxe(na?xgﬁagg%g%i@é '

such as a scanning device f g gel 1 nages |
system 1102. Exanpl es of m@huni cations interface 1124 can include a nodem

a network interface (such as an Et net . n i npterf.ace
suitable for interfacing with the I'NTE , gg%%g%ﬁ)p?fi%%% SoBPPATy, apghopy A
slot d&d card, etc. Softwmimt;, and data transferred via conmuni cati ons _
interface 1124 are in the form of si.gnaldfe 1126 ich ca b&: el ectronic,

el ectromagnetic, optical or 30 (i eI %?PQ“&%EB%% PriBary gnchor
received by communi cati onwintnt erface 1124. Signals 1126 are provided to

comuni cations interface via a chanpel 1128. Channel, 1128 carries
(1v)  searching the new image in a region defined by the

X position coordinate + an X position coordinate tolerance and by the Y
20 position coordinate + a Y position coordinate tolerance to locate a new
image spot that has an I0D% equal to the IOD% for the anchor point +
20%,;
(v) - ifanew image spot is located in step (iv), assigning
the located new image spot a.spot number that is the same as the spot

25 number for the primary anchor point.

17. The method of claim 16, wherein the X position coordinate tolerance is

0.1-1 mm and the Y position coordinate tolerance is 0.1-1 mm.

18.  The method of claim 13, wherein step (5) further comprises:
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WD 98/ 11508 ' ce .

PCT/ | B97/ OWODPA/11508 - mmw,g'mﬂ ”M'I can be inpl enent ed usPEF/IRPTA1BY
cable, fiber optics, cel | ul ar phone link, an RF Iink and

ot her communi cations channels. In this docurrent the terns "conputer
program medi um " “conputer program prodaé®-" "program storage device," and
"conputer usable nediunt are used to 5 generally refer to media such
as renovabl e storage devi ce(W118selectingfdomiths mastes cahpasite rh ninated colinpésinr i ve

comput or system 1303° 0t WSE & SBFBHCIRt SRAREDEHER Bibtm SCaREH S © 1©
| ogi c) are st or edsdléctéthmastemsomposa sphots; aaecondary menory 1110. Conputer
progranms can al so be recei VEF via,h1l0 atloni interface 1124.

[

Such conputer programs, wheffexe8tedting %‘i’fBB]PPe ’Eshéeté’gﬁﬁ'ﬁ‘ft@ "samsﬂmm%@ to
perfgrmthe feat usc,fois Plet b RcEHRSARChorPoRil sfartaciehcttATiabte? €6@pasite! sPot
particular, the c uter programs, when executed, enable rocessor 1
perform the feat uinethe st of Becopdasy arshor peiatstis snparamsicfwmutln@mger selpstedopastert er
prograns represen k f 1) I n
an enbodi nent V\/ne%mgﬁﬁswe%h& £ t|h§r?6tlcs énHﬁ\ e'ﬁ%’[%f’ Ht%y aﬁ??sv%/grrgm

software may be stored in a corrputer program product and | oaded |nto
conputer system1l r.e . e e dri 1114, hard drive 1112 or
comuni cat i ons inigrfa %ﬁwgo#ﬁga o@t ?”éF Y ?%86(3§8'F'PR§?%) when execut ed
by processor 1104, caugfs PFarcRsk sécorddly dnchdrqiolmrimthdet bRedon@ang Mthdrhe

I nvention as described herein. 20 I n anot her enbodi nent, the

i nvdBtion i sP‘Plﬁﬁi enented primarily in hardware using, for exanple, har dwar e
conponents such as applicat ;9N Spsehhint tiidh SordithteSan t

| mpl enent ati on of the har dwgl?e state rrrlacgnl ne %% as to pert%orm tskgﬁ)fsh!r(\)& I ons
described herein vedriingts capesposdingtto theepasition ofithe sesondary archor péisgant

art(s). In yet another enbogdinen s) {‘r{gg% a
conmbi nati on of 25 ﬂ p ha?ev\;/a@@ldgﬁég t/\?\g’f Zhe %Pén gﬁ’é&ﬂﬁ

Havi ng now fully descri bed (i) s ciet\zzminurg\thelstpot/vniulnbdmefoa|cnlmar sscondag dnghdrhose
skilged
1

point;

(iv) searching the new image in a region defined by the X
position coordinate + an X position coordinate tolerance and by the Y position
coordinate + a Y position coordinate tolerance to locate a new image spot that
has an [OD% equal to the IOD% for the anchor point + 20%;

20 (v)  if a new image spot is located in step (iv), assigning the
located new image spot a spot number that is the same as the spot number for the

secondary anchor point,

20.  The method of claim 19, wherein the X position coordinate tolerance is

0.5 mm and the Y position coordinate tolerance is 0.5 mm.

25 21.  The method of claim 5, wherein step (7) comprises:

(a)  foreach matched new image spot in the set of matched new image

spots,
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in the art tb@é9§lﬁ80§arfﬂﬂ wuﬂ d within a wide range gf..eauisalent
parameters, concentrati "J' ! mmm”mns wi t hout departing f?%%ﬁ?#éﬁﬂ“
spirit and scope of the 30 ° " i dvehtion and without undue
experinmentation. WO 98/ 11508 -51-

PCT/1B97/ 01114 -44 - VWile this invention has been described in connection
wi th specific enbodi ments thergof, dajcubihb a dEitdREGERL; - l e
of further nodifications. Thi S(Bappl iacgt ilo%ai S #ifelt enﬁé@ﬁ%&%ﬁ&g#{%g#&g&%?@
vari ations, uses, or adapnaiehedmewamagéspotl vactorthad osnnects tewhatched mewgamnage sjot
the principles of the in i .| I ng. such departures fromthe
present 5 di scl O‘éﬁ?&éc@x@es@@xﬁ%h&%ﬁ%ﬁpgwgm or customary practice

within the art to which the iiipnt iaveragiipt Bvetoraletlgthsoffive Retds Rlen@st toQhd he
essential features hereinbefore set forth as follows in the scope of the
append®d clains. Al ref &iaiched ewiimage spof yeator to form an 31§1426 Bearast vaetor kengd, or
abstracts, published or corre ndisggrgéﬁ%mgqmﬁ&ggh ; VRRL i :
issued U S. or foreign patent g@or any 1 otﬂgg]ﬂ%%gétenceg!eﬁg{rheﬁ%
entirely incorporated by thegveragn pearess vestor length taiditerning # fickh vegtort differenge for
figures, and text presen ' ' erences. Additionally, the
entire contents of the rté ergﬂr%}é%ai%gﬂr{é%év#ﬁﬁi n the references cited herein
are al so entirely incorpéblat eduibming ther finscectdreli fferenas foroalk mawhedatWwdshage

st eps,,ncOnvent i onal t ho t.eps, known t hods 15 .Qr conventi onal

met hod? is not SPYS Hh@g\ﬁgquﬁ%%ﬁinggi 181388 fig S&ﬂf}j’“&sap%& Yecﬂggé&?rﬁf‘?"cﬁﬁmﬁr

enbodi nent of the presenic)i NVEHeatHlurfatBhedGleRs efsgdigmhe%téﬁg&gétkﬁé&de&r
0

the relevant art. The foregoi ng description of the specific e | ment s
will so fully FBR8€aPOhe general nature of the invention that others can,

by appl yi ng know edge within gi?‘ue shg{ehngﬁ%%ﬁ(;ﬁ%%‘gé,{lg&} 00 %‘ea G‘OB&%“?or

of the references cited herein), readily or adap
vari ous appl i cati ongoerdinatesyhet Farresperdsoidi the mositioni afhthetcomesponding unmatched
exper ijgentation, wi m%; ﬂiﬁparti ng fromthe general concept of the present

I nventron. Therefore, SuB ddaptations and nodifications are intended to be
wi thin the nmeaning and range @f) eqdetemhiniigsthelODefatitlicdofesporfiiig GhriRohed,
based on the teachi thch%p(pjoiﬂ{“'i dance presented

.

(i)  determining the spot numBer for the corresponding
unmatched anchor point;

20 (iv)  searching the new image in a region defined by the X
position coordinate + an X position coordinate tolerance and by the Y position
coordinate +a Y position coordinate tolerance to locate a new image spot that
has an IOD% equal to the I0OD% for the corresponding unmatched anchor point
+ 20%;

25 - (v)  if a new image spot is located in step (iv), assigning the
located new image spot a spot number that is the same as the spot number for the
corresponding anchor point and adding the located new image spot to the set of
matched new image spots,

(d)  repeating step (a) to determine a second vector difference for each

30 matched new image spot in the set of new image spots;

(¢)  summing the second vector differences for all matched new image

spots in the set of matched new image spots to form a second vector difference sum; and
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her ei n. e un phraseol ogy or term nol ogy herein
is for the @Jﬂ?ﬂ&s gm}wﬂﬂﬁlm mtu"ﬂpt ion and not of [|im tREVER70BAEHh
that the term nol ogy or phras eol'bgy of the present specification is to be
interpreted by the skilled artisan in lig of the teachings and gui dance
presented herein, in conbi nation w th the ¥rnow edge of one of ordinary
skill in the art. b CLAIMS 1. A conputer-based nethod for
anal yzi ng i mages conpri dbng: ‘f@? S?F&B@NP‘?‘W&'&?”PW is swabies\thamthg &irst whetoei n.

the new i mage dpfedpbteiant Pl urality 5 of new i mage spots, each new
i mge spot having an I nt egr at ed optical density percentage (10D% and a
position; and (2) generating (8 si memeving tom thensey ef miatched hew m@g@@mtﬁ &nd

[ f wh t
ol ety o oo AHg 0 fhe SRR RRES Mk Shots WiSe MRRNEd eV Reeemang.
a position; 10 for v(rliikh tenectat diffgredcatfallf eithihaReddtértinedRi@nfagk BEalg3t er

conposite corrpri ses % st the position, the 10D% a position toI erance
for each of the pl 4F PH@%EH“"?%E“ ingl e master image or naster conposite

i mge spots and an | OD% for gggh Qépera{;ﬁrﬁﬁg% Mffé'u@he} he single master
i mage or master conposite inmage spots; erein the master conposite is

used to guide the search for and identification of a new inage spot. 2. A

nmet hod according te,cl am}n&w&w?ﬁwﬂe%ﬁlgﬁ ‘S@? det ect |'ng a new i nage

spot that has a p03|t|on that 1s 'w na posi t ol erance of
the position of the cor(@spondcctglgrﬁmhahe ngEccﬁ’ppﬁsnalaﬂ xﬁd&&drcbﬁﬁ:oﬁ&ép@é%

ot 10% o Pt SRS PSS 8 LB 2SR, e SR e s
(5) assi gm ng said new i nage spot and naster conposite spot as a matched

spot and renovin i d ster, co ite spot fromthe nmaster conposite
sBot s to be g E? %e method orpt):?a?mﬂ wherein step (8) further c:ompnsnssrrp

(b) for each well-defined spot in the set of well-defined spots,
6] determining an X position coordinate and a Y position
coordinate corresponding to the position of the well-defined spot,
15 (i)  determining the spot number for the well-defined spot,
(iii) * searching the new image in a region defined by the X
position coordinate + an X position coordinate tolerance and by the Y position
coordinate +a 'Y position coordinate tolerance to locate a new image spot in the
region,’
20 (iv)  if a new image spot is located in step (iii), assigning the
located new image spot a spot number that is the same as the spot number for the
well-defined spot.

24.  The method of claim 23, wherein the X position coordinate tolerance is

0.1 mm and the Y position coordinate tolerance is 0.1 mm.

25 25.  The method of claim 7, wherein step (9) comprises:
' ' (a) - selecting from the master composite all master composite spots
that have a saturation value $ so that S20.8 to form the set of saturated spots.
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mat ched to sRPH9s/1segNe N ) option-élly repeati .

and (5) 30 4FWA§r8rgt hod acﬁﬂlﬂﬂﬁﬂﬂllﬁﬂﬂm 2 further conprising 585 ol
searching the new i nage to* détedt & ne&winmage spot not identified in step
(4). 5. A nethod according to claim1, whereghn step 4 further conprises:
-aligning the at | east one new inage with the nmaster conposite inmage.
REPLACEMVENT SHEET 2 MAY : ' Laimb, wherein
step 4 further corrprl%s’es‘: T-%ggfete}é%iogﬁlﬁmrs%’%greﬁggé@)ggﬁt%?scg?%%ﬁ'he mast er
conposite. 7. A nethod ac@rdi fug each sdtaiatedSpotinehesat of sapratedfspotsher
conprises: 5 -detecting w i nqage spots at .have a. position.fhat.is
within a position tol erance of [}Fhe g%"f‘if@?ﬁﬂ B?S‘rné%rb‘c‘)?ﬂﬁiﬁ AR Y PSRN

and that have an | ODBedrlinttel correépgdntlingan théPsitiodl crtdsurafedispet, | OD% of
correspondi ng anchor points, and matching, the detected new 1 nage spots to
the cor?espondi ng anchor point &bt o #@Fm!@ltgéi;eémotmr&%&nma‘tm@é spelot s.

10 8. A nmethod according to clgjin5b [ : | o
cal culating a vector di fferencgh?nor seea‘gé(i:}ﬁﬁgftm;[ ﬁée‘srs?%jt%g%g{ %?%ﬂ%@@ﬁé%fﬁﬁﬂﬂbeex
spots to form a set pésitiaceaprdidate teancXqositioncdordimate tolgradcecamdttyeths &t pasition

mat ched new i mage spots.those t new. | ) s, far which the vect.or
difference falls wi t?ﬁoidléﬁgr%ﬁﬁpg?&%ﬁgg&%!g}a@%ﬁﬁgg@?&q 1°F§F g&sY {Rage §pot in the
differences within tigimet of vector 15 differences to forma set of

unmat ched new i mage spots. 9. A nethod according tq clajm5, wherein step 4
furt he_i](?corrpri ses: - selecting 1Y) se{}oao‘?e‘\?\é??geosé‘g? Hga?%@omsstmw,wmﬂ@r
conposi te, detectingopRYI héWRHRagt %B&éﬁ%@hmhﬁé&%ﬁi@ﬂé's&h@&&x@?é\%' amyex;iam,a
position tol erance of the position 20 of correspondi ng In] -def neg

spots, matching the saguated&Potnew i nage spots to the corresponding
wel | -defined spots, and addi ng the matched new i nage spots to

27.  The method of claim 26, wherein the X position coordinate tolerance is

0.4 mm and the Y position coordinate tolerance is 0.4 mm.

15 28.  The method of claim 26, wherein step (9) further comprises:
(©) determining a number of saturated spots in the set of saturated
spots to which the located new image spot corresponds; and
(d)  dividing the located new image spot into a number of new image

saturated spots that is equal to the number of saturated spots in the set of saturated spots.

20 29.  The method of claim 8, wherein step (10) comprises:
(a) selecting from the master composite all master composite spots

that have a saturation value S so that $<0.2 to form the set of weak spots.

30.  The method of claim 29, wherein step (10) further comprises:
(b)  for each weak spot in the set of weak spots, . |
25 @) determining an X positidn coordinate and a Y position
coordinate corresponding to the position of the weak spot,

(i) determining the spot number for the weak spot,

This Sheet Has Been Re

Wi



t he set of matched ne IMHM A net hod according to claim9,
wherei n st S¥O2BIP8 her ”m#m - selecting a set PERIBYYIAL: ed
spots fromthe master corrpos fte" oet ectl ng new i mage spots that have a
position that is within a position tolerance of the position of

correspondi ng saturated spots, matching 1" detected new i nmage spots to the
correspondi ng saturated spots, and adding the matched new i nage spots to
‘the set "of matched new i nagelihot searching enemmghsan&%,ﬁ@t&nm&gwttwmmgmmo

wherein step 4 fur ' t he
st o conposi te. aited BY B X Besiton bR} 4l Lpoiflortootifie HRGHR AT |
within a position thel'¥pasitien obortiimatepesd Yipositioh coordimespobatang mﬂadxatsamé\s,

mat chi ng t he det ected nev¥.i % &/Rots to the 47 correspondi ng weak
spots, and addi ng Y1f8¢FBYR 8% mage spots to the set of matched new

i mages spots. 12. The nethod @¥) cl dianelw invdpe spbt'is $6cakd(iR JstepQmEY, h§s€§nng5théa)
determ ning a set of selected i nages, wherein each sel ected inage he

set has a backgr oulﬁﬁat%ﬁe%!ﬁ%@ﬁ@rﬁﬁpﬁbmgmgm }the ﬁ"é‘?‘-’r@éb@ﬁﬂ?tﬂmbef for the
correspondi ng spot@.e%%bpe ot her selected inmages, and (b) averaging the set
of selected images, rein the averaging conprises (i) conputing an
average conposite background fromthe backgrounds of the set of 10 selected

i mages, (ii) aver ng f cor. ond iy t he set, of .
sel ected i mages tg:gff ehmgﬁpo 8l%r‘?p ?rgmllgga}s]? cﬂtmé’ rﬁﬁ%?g?le@ﬂfﬁ)’asi te
spot, -(iii) a)/ﬁhaglaﬂgth:e ‘ﬁlppstxﬁmbom-uma&tolferanoersemﬁmmu ng spots in the set of

sel ected inmages to form an average physical shape for each master conposite
spot, 15 (iv) averaging the spot position of corresponding spots in the set

of sghected i mges3z.o fPhrdindthodvEERER 30RberBidStdp (Q0) futhefasihpridRast er
conposite spot, (c) repeating step (b) using a second sensitivity that is higher than the
first sensitivity and a shape criterion;
| (d)  for each weak spot in the set of weak spots that is not located in
the new image in step (c), adding a new image weak spot to the new image that has an

15 area that is the same as an area of the weak spot in the set of weak spots.

33.  The method of claim 9, wherein step (11) comprises:
(2 searching the new image using a first sensitivity to locate a first
set of unidentified new image spots;
(b)  searching the new image outside the set of matched new image
20 spots and the first set of unidentified new image spots using a second sensitivity that is
higher than the first sensitivity and a shape ctiterion to locate a second set of unidentified

new image spots.

34."  The method of claim 1, further comprising:

(4)  comparing a first set of images to a second set of images.

25 35.  The method of claim 34, wherein step (4) comprises:
(a) computing a statistical average of IOD% for each spot in the first

set;
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(v) conputi ngoassisemdar Mlﬂmﬂﬂﬂlﬂmﬂﬁmr\eaverage conposi te IpgsbnIeach

mast er conposite spot, and fviy aonpu g a standard deviation for the
average spot position for each master 20 conposite spot. 13. The net hod of
claim2, wherein step 4 further conprises:.-56a) identifying a comon anchor
poi nt, wherein the comon anchor point corresponds to a new i rage common

anchor spot and to a mas{®y CQAMPEIkE aGFHEN AVERGE oFNODY% 46r eRdh spot in the
determ ning the position of the master conposite conmon anchor spot; (c)

det er mi ni ng t heecpad et &l of t he new i mage comon anchor spot; and (d)

applying a position-corregtio £ hat: | b : : i

common anchor spot-is al ?‘énedlas&éﬁ?]ﬁjit]ﬁéf%gglsﬁgin&%ﬁg%%glstrsr%sF%k?’wgg%t?@m
common anchor eqehtspotlid. thdbezontsdiod of claim 13 further conprising: (e)
determ ning a spot nunber for the nmaster conposite commobn anchor spot; and
48 (f) assigning the new i mage comon anchor spot a spot nunber that is the

sane a§ the spot nupber koMl HohRim GRMROSEInEprEHED Box@Eﬁd&p séaBR! mediam
The met hod of claim®6, wherein step 4 further conprises: (a) searching
the master conbng eompterquogramylogic rreaed thergarndar enakling a BTOCEISORY 3 CHMPHENT

poi nt's, wher e 225 R8RS S5 SSha VAR Gler Brogbich WY cRpliGhg PO nt S
(i) is separat %cf%gbm&gal% ot her o% t ’Qr egeg@r m Eeo n-u?@ér c%ﬂﬁpr ?%mr y
anchor points by at atleastonaalgerithing sibafortine, saptine ar image captesdgrineansdorenabling
has a saturatign value that .falls wthin redeterm ned saturation value
ange. 10 16. TReGetRolp BpeitedyekreBlebchiieR ROERERE MBS Tl Rieieal B
sear cpd ng t he arpRirslity of apwdintge $pots thenddrfegpandto pasitias oh tethew ithage, @dch new
pri mary anchor, . . . . "
image spot having an integrated optical density percentage (I0D% and a position;
at least one algorithm, sub-routine, routine or master composite image generating
means for enabling the processor to generate a master composite image for use in
analyzing the new image, wherein the master composite image contains a plurality of
15 master composite spots that correspond to proteins on the master composite image, each
master composite spot having an I0D% and a position; and
at least one algorithm, sub-routine, routine or master composite generating means
for enabling the processor to generate a master composite, wherein the master composite
comprises the position, the I0D%, a spot number, and a saturation value for each of the

20 plurality of master composite spots.

37. A computer program product according to claim 36, further comprising:
at least one algorithm, sub-routine, routine or aligning means for enabling the

processor to align the new image with the master composite image.

38. A computer program product according to claim 37, further comprising:
25 at least one algorithm, sub-routine, routine or selecting means for enabling the

processor to select a set of anchor points from the master composite.

39. A computer program product according to claim 38, further comprising:
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poi nts, wherein each lm ,ﬂlmn jjned nunber of primary anchor points
(i) is sepgf%?’iéﬂf'?sromH ’1 ! ﬂﬂmﬂ predet er mi ned nunber RETEBGHY
anchor points by at 15 |l east a pr&determn ned separation threshold, (ii) has
a saturation value that falls within a prgéeterrri ned saturation val ue
range, (iii) has a standard devi ation pertetntage (SD% for the average
conposite IOD%that is |ess than 40% 20 17. The method of claim 7, wherein
step 4 further conytileast ongggarithme sebrreiiisgoFousise ar anghem poing detsttingendr
points, (i) deLend o L % A )
coordi nate cg’}%@glg%gic??%gﬁ?%%%) ﬁ]?%%? futgf%gp{c())]% eF eﬁeg?\lic}ﬂa(grg Sg‘%?ﬁf"? 1;lgf‘l%lq)ﬂ 10D%

det er mi ni ng ttha is @iikinfan IODPYetolanarive of the 10D% 8fcofrespondiig archur points, hridkbmatpiot
nunber for t cho oint: (iv ear chi ng.the new i in a regqgion
defined by tHEe ‘%’Qf)%%c{‘f OW"“@SSFS‘H? g?atﬁ%ccf“c" ’“'&%%Fﬁ?fo‘ﬁ’“g%‘%ffamaf%‘ fg?a&hﬁ‘?uce
and by the Y Rosimdgespseordinate [err] a Y position coordinate tolerance to
| ocate a new i mage spot that has an OD% equal to the I OD% for the anchor
point [err] 20% 30 (v) if a newimge spot is located in step (iv),

assigning the | oc d n | h ' - as.the
spot nunber for t?\‘gfanc‘ﬁ\gkr’hgoi Eﬁrég%n &gﬁ@ﬁ%ﬁ%@& Elgﬁ%??ﬁsf#ﬂgrher ' fep 4
further conprises: a{ lepstfane algarithpy isurqutianctonting or vectondifferersitg wieansr fonar y
anchor points . ' 1 i 1140 r.di-n nd a Y
position coorea?wg’[g(eih%érror %g pljo&ﬁ(‘ilgs ﬁ%}%{eo@ ‘{lh@g Sg%f{%cg?l&g%é etﬁ%geltggp‘%&g'ﬁ%ﬂ%‘?
point; (ii) dsiage spots toforine deCofdotor differepeasnmrdyreaovingrirgmithd set of (atdhgd

e 1w | et e g b neR e HEAGR B 1 BAICR dEh thken AAFas s

within a predetermined percentage of largest vector differences within the set of vector

differences to form a set of unmatched new image spots.

41. A computer program product according to claim 40, further comprising:

at least one algorithm, sub-routine, routine or well-defined spot detecting and

15 matching means for enabling the processor to select a set of well-defined spots from the
master composite, to defect new image spots that have a position that is within a position

tolerance of the position of corresponding well-defined spots, to match the detected new

image spots to the corresponding well-defined spots, and to add the matched new image

spots to the set of matched new image spots.

20 42. A computer program product according to claim 41, further comprising:

at least one algorithm, sub-routine, routine or saturated spot detecting and

matching means for enabling the processor to. select a set of saturated spots from the

master composite, to detect new image spots that have a position that is within a position

tolerance of the position of corresponding saturated spots, to match the detected new

25 image spots to the corresponding saturated spots, and to add the matched new image
spots to the set of matched new image spots. '
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positan cootd AR ol ININNMAERIN = nest moe Spor e bt
equal to the 10D% for the anchor® poeinte [err]20% 10 (v) if a new i mage spot

is located in step (iv), assigning the |ocajed new i mage spot a spot number
that is the sanme as the spot nunber for the primary anchor point. 19. The

met hod of cl ai m 18, erejn.t It rdi.nat e is 0. d1-1 mm.
and the Y position é or di%gqrg%%{éét?%%@e&?&shcgg Fop wﬁgr}o Té‘%gé’aﬁ}ﬁgmjr%f'g%%m :
clai m 15, wlhler ei n stafeadt dreralgoeithm wmbxrﬁmh rdfutipe sewwdsipagdétéamlgtdae masii
conposite a mast er. conposite spots that have_a saturation value S so that
0.2<S<0. 8 to f Beansior erabling the nspcessor &%ﬂ@&tﬁ%péwemﬁqr@ rt‘zspzs@%@r CRAPOSite)

sel ecting fromg ﬁ%{ﬁ&i;{ew infgk sﬁ;tf] ffat BV pdRTdPthatCio WRIkE b BoSR6A olérad&d ofthe

secondary 20 anc )r points so that each selected master Conposite spot In
the set of secpositioy ofofrespopdingtvcaksspotspta match the daiecied nswhimageeaipotst tedthe

mast er conposite_ s ' e ' 3
21, The. mePiBbgidiak Sebk §ponhodto AR GRHACHRG et Bkt Y s br kR
for each secondewymagesmts.point in the set of secondary anchor points, (i)
determ ning an X position coordinate and a Y position coordinate
corresponding to the position of the secondary anchor point; (ii)

determ ning the | CD¥f or A bnSiRGPReaam RORROECCBRIIAS to dlhii 43, d8fRér Fofiprlinghe
spot nunber for the secondary anchor point; 30 (iv) searching the new irnage
in a region defined ayeashenedlgasithm; syb-raydingirautine qr unidentified spatdecatios mfanst e
t ol er ggce and ; It | : : Lit | rdi

tol or 20ce to | & spallink BORobLaS GO ARG ko fids MESHqro R Rl I
t he anchor poi spot§ tr lopat2 @dtdedtfied fievaimage spotsge spot is |located in step
(iv), assigning the |located new i mage spot a spot 35 nunber that is the

sane as the spot nunber for the secondary anchor point. 22. The net hod
of claim21l, whereiasthe Acopgsitérippsprarpreiuepicoidihgetonlsith 44 fQrtheromphiding:

at least one algorithm, sub-routine, routine or comparing means for enabling the

processor to compare a first set of images to a second set of images.

15 46.  The computer program product of claim 38, wherein said selecting means
comprises:

at Jeast one algorithm, sub-routine, routine or searching means for enabling the

processor to search the master composite to identify a predetermined number of primary
anchor points, wherein each of the predetermined number of primary anchor points

20 (i) is separated from the other of the predetermined number of
primary anchor points by at least a predetermined separation threshold, and

(ii)  has a saturation value that falls within a predetermined saturation

range.

47.  The computer program product of claim 46, wherein said selecting means
25 further comprises: ,
at least one algorithm, sub-routine, routine or saturation selecting means for

enabling the processor to select from the master composite all master composite spots
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the Y posity r.di 1.3, 0.5 nmm 5 23. The nethod of claim8§,
wherein ste%SﬁsﬁﬁPheamM@liﬂjmiﬁmt or each mat ched new i R&FEBRHBA14 n
the set of matched news L s («) calculating a matched new i mage
spot vector length for a nmatched new i magnrgi spot vector that connects the
mat ched new i nage spot to its correspondf é'anchor point, (ii) averaging a
vector length of five vectors nearest to the matched new i mage spot vector
10 to form anthatBavesateration valye St 59rthat0dc$<0.8 it formsa Brst aett dfrsglected masterhed
new i mage Spoéorﬂ;f‘&sh@rs égngth fromthe average nearest vector length to
determne a firs vecgor difference for the matched new i nage spot, (b)
sunmi ng the first watleassiondilgbrithamsub-réwtineatdutine br seeondueyvancivg pofpsdlecting t he

set of matched._n | £ r irst yvector.djfference sum 15
(0 for cach Heilot RBERE biock ol 8ol rorm We S Cor hlped B sommbne
spots§ (i) despots set ofseasndinyashér points s@thdi eaoh Selediel MasterRdfiposRE syt §f enat e
that corresponds.to the position of the c‘%(r)éespondi ng unnat ched anchor
point, (ii) ot 8fseePieyaEhar@omts b sepRestedorom I Aten selentedhmenteti componite
point, (iii) $RthThd\ie?af idiBnddpf incheFBEits Y atiiRt § Qi ©SPONdi ng unmat ched
anchor point; 20 (iv) searching the new imge in a region defined by the X
position coordinate [err] an X position coordinate tolerance and by the Y

posi tion coordinatg [er L1 i tQl epance t.9 lgcate,a new
rage spot that had-an ThpferipREinbEfih BN Jtadm 1, SRR soil anflied poir
unmat ched analetectipgiand njatchijg2@e4ns(comprisesa new i mage spot is located in step
(iv),aassigning the, located n i e ot _a.spot 25 nunber that is the
same &s the spot nAhB 0%5:‘%?%@%%3}9@5'}355%a?%eaméﬁqppdﬁaiaﬁfhcgmuaaaqrﬁ@ng he

| ocat ed new imeaqys fopehalilingt the ppedesstr topforhach REVWNIERIBCRBOPSInt i ne RGRL | NY
step (a) to det e@)ﬁn&ﬁ% second vector difference for each matched new i nage
spot in the S&F° PHERJRSspot s; (e) summing the second vector
differences for all matghed Qesmin@&eXSRRltonl ddok ?,ég; t w

i mage spots to forma s@ggnd vectIO[.di ffer egllceosda%tégélddg f ftf%[%é%éré%gnd
vect or differ ence mespandingp the pasition efithe s4cordary andhor peainf;f er ence sum (i)
re jng fromthe set qf;ymatghed . nes. ding t.o the set of
un@tsched new i mage spﬁ_g t hose rfratcﬁ_é n%\gf/’?ﬁ%%g&g&ég?g“?%?pwr’ch t he
vector difference fall Sin) t rdetermine the spetmumber fyehecenombzey afichoapgiagt vect or

differences, and (iv) '~ search the new image in a region defined by the X position

coordinate + an X position coordinate tolerance and by the Y position coordinate
+a Y position coordinate tolerance to locate a new image spot that has an IOD%

20 equal to the IOD% for the anchor point + 20%;
(v)  ifanew image spot is located, assign the located new image spot

a spot number that is the same as the spot number for the secondary anchor point.

49.  The computer program product of claim 41, wherein said well-defined
spot detecting and matching means comprises:
25 at least one algorithm, sub-routine, routine or well-defined spot searching means
for enabling the processor to, for each well-defined spot in the set of well-defined spots,
(i) determine an X position coordinate and a Y position coordinate
corresponding to the position of the well-defined spot,

(i)  determine the spot number for the well-defined spot,
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35 (ii) rep eps ﬂ 51 24. The met hod ft@?g'

wherei n stepé}?ﬁaﬁg‘#er L ﬁama [ EI ecting fromthe masteé)c %S’gilt%e
all master conposite spots ¢t aturation value S so that 0.2<S<0.8
to formthe set of well-defined spots. 25. 5'I'emathod of claim 24, wherein

step 4 further conprises: (b) for each weli=defined spot in the set of

wel | -defined spots, (i) t.ermni an X 03|t10n coor

posi tion coordinate corrﬁﬁoncﬁe?fﬁﬂgtgetrﬁg 4% Mof rggmzeﬁlgﬁ ‘flbydg?%ﬁé’(?s'élﬁﬂt
10 (ii) deternining dobRlisdeL all X ehticheborditateelerande kidByithe NOpositidr ¢dordinate
searching the new image in a region defined b%@cthe X position coordinate

[err] an X position %@)a’rmsr{momuateama%ﬁdo aieraenew poage spehincthe regiomt e t
a Y position coordinate tagler n,
() T & new i mage apot 091 ar&ficknefpobisod R Rkl Reb IBapEGick™
new i n#ge spot a spaspbbnwmbdrdhattisithe sametahéleganbmasbﬂrlﬁ'@ thp wtclirdefined spatr t he
wel | -defined spot. 26. The nmethod of claim 25, wherein the X position
coordinate tolerance is 0.1 mmand the Y position coordinate tol erance is
0.1 mm 20 27. The @ hodI'¥ corhgmiten ﬁn@grawﬂ@mlum of et 49)rWHREinCBBTX ipdsition
"~ (a) selecting fromthe rraster nposi t mpster cQ 05|te spots t hat
have a sat uf at ic8Ardingie wlesangs is ﬁgtm@ af‘déh% tRS’SF’GF‘ﬁPP toleranceds Orlamay
spots. 28. The method of claim27, wherein step 4 further conprises: 25 (b)
for each saturated spot in the set of saturated spots, ) determ ning an X
posi ti.on coordi nate Sdnd alhe cpm@mermgmpmdnat@cé@w@spgmmguetsgt ofsaturated
position of th |
sat urated spot %p(?'g ﬁ%léieggp%)&%% céﬂﬁxgbsd%\f\s;p Sﬁghge{ l{lﬁgew:?tgﬁlﬂgh ge ined"fh 8{,8%(2@ X
position coordinate t an X 30 position coord| nat e toI erance and by the Y

posi ti coordi nate on coordi nat.e .t ol l.ocat new
i mage ]88 ot in the redr OnYﬂP compu er program prod&ct o?c g'f wherem saxde ataleas? one

algorithm, sub-routine, routine or saturated spot detecting and matching means

comprises:
at least one algorithm, sub-routine, routine or saturated spot searching means for
enabling the processor to, for each saturated spot in the set of saturated spots,
15 @) determine an X position coordinate and a Y position coordinate
corresponding to the position of the saturated spot,
(ii)  determine the spot number for the saturated spot, _
(iii) = search the new image in a region defined by the X position
coordinate + an X position coordinate tolerance and by the Y position coordinate
20 + a Y position coordinate tolerance to locate a new image spot in the region,
(iv)  ifanew image spot is located, assign the located new image spot

a spot number that is the same as the spot number for the saturated spot.

53.  Thecomputer pi'ogram product of claim 43, wherein the set of weak spots
includes all master composite spots that have a saturation value S so that $<0.2.

25 54.  The computer program product of claim 43, wherein said at least one

algorithm, sub-routine, routine or weak spot detecting and matching means comprisés:
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(tv) if a newinmage s ' t gy step (iii), assigning the |ocated
new i mage M?a/hlsgﬁ)ot qmmu'mmt"!!g,nbe same as the spot nuRGEEBY@ilidhe
saturated spot. 52 29. ¢The net «0f claim 28, wherein the X position
coordinate tolerance is 0.4 mmand the Y position coordinate tolerance is
0.4 nm 30. The method of claim 28, wheretbr step 4 further conprises: 5 (c)
determ ning a nunber of saturated spots in the set of saturated spots to

whi ch the |ocated atclsastongalgopighm csnbrroutben deutingred Wedk spotviedichipg mearsdont ed

new i mage spqt. it of ' t hat is equal to
t he nunber o% B%‘%F‘&?S?Bﬁ’%g%gf go’ ?orll‘%? %Y‘e{”g%? &8? ﬂ’s@% g%tg)tqe s%g?té’. 10 31. The
met hod of claim 11, whegi)ei n deteemire dnXtpasition comdirmesand(Y poeitieatcooglidateom
the master conposite all ,master conposite spots that have a saturation

value S so that SEOTSRogdmgIpheposition oftheweak soBbts. 32. The met hod of

claim 31, wherein step (fi)f urdef@mifei®Epci Bambéofof the Wik spach weak spot .in
the set of weak spots, (1) determ ning an X position coordinate and a Y
posi ti on coordi nate cor(tibspdearchthetnsw Imagp ysing pdusisengitidtyiaacegioatdefined )

determning the s % s {1 1) '

| mage using a fi r% ﬂélgnm t?tbaﬁl%)o%ﬁnﬁaég\?%gi)gﬁ&g%?ééndedAIB?/tg?ﬂg%g%%&s| |@§1W
coordinate [err] gositiopaeptdimate codYdpasition cROrdindte taderancedndodafe & new\mage
position coordi nate .erf\é a.Y position coordinate tolerance to |locate a new
i tage spot in theng‘é‘Pé €I if a new image spot is located in step

(iiigo, assigning the | qpgt edf aeew imap@spstivloctedindhe rRgivAcsssigh@ie locatédwevs ane
as the spot nunber, for the vvea;{ngpotg.. 25 33. The nmethod of claim 32,
wherein the X posilTR8HSROb3 SRAt RUMEEH Balds meas thespepnumberfasthe weak ispoton
coordinate tolerance is 0.2 mm 34. The nmethod of claim 32, wherein step 4
further conprises: (c) repeating step (b) using a second sensitivity that

i s higher than t hé5f i r sthesomputer pragam peodugt of dlaimped, furthes cpmprising:

at least one algorithm, sub-routine, routine or second weak spot searching means
for enabling the processor to, for each weak spot in the set of weak spots,
15 §)) determine an X position coordinate and a Y position coordinate
corresponding to the position of the weak spot,

(ii) = determine the spot number for the weak spot,

(ili) search the new image using a second sensitivity and a shape
criterion in a region defined by the X position coordinate + an X position

20 coordinate tolerance and by the Y position coordinate +a Y position coordinate
tolerance to locate é new image spot in the region,

(iv) ifanew image spot is located in the region, assign the located new .
image spot a spot number that is the same as the spot number for the weak spot;
and

25 at least one algorithm, sub-routine, routine or weak spot adding means for
enabling the processor to, for each weak spot in the set of weak spots that is not located
by said second weak spot searching means, add a new image weak spot to the new image

that has an area that is the same as an area of the weak spot in the set of weak spots.

56.  The computer program product of claim 44, wherein said at least one

30 algorithm, sub-routine, routine or unidentified spot locating means comprises:
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(d) -for eackypgogiseot Jﬂumm k spots that is not | Qeqi he
new i mage in step (c), ’ IE"’H ”Fme weak spot to the neg nagédl?#
has an area that is the sarfe &s #n area of the weak spot in the set of Weak
spots. 35 35. The nethod of claim 12, whergino step 4 further conprises:

53 (a) searching the new imge using a first sensitivity to locate a first
set of unidentifiedp HRSR oL, Sub- & 6l R G
the set of matched ﬁel\‘;evx\%tr?agg@gpots %n lﬁ ?':irst ségtttﬁg‘fvgﬁ(\r‘l{lslg Qﬁq}g (@new
i mage spots usinabling the prordssortosearchy theyewtimage wsitg gyfiest senkitimity toclotate s firss set
sensitivity an B h criterion cate a second set of unidentified
new i mage spot %ﬁﬁ‘é"ﬁ’@t‘%%"%ﬂpr‘%ﬁ‘% m 5, wherein step (4) further

conprises: (a) conputiesd ofic slgarithfi, s@ﬁiouﬁuerré\qﬂaeofr sttt N'spBesearchitfy médhst he
first set; (b). conputing a StatIStICS aver age of | OD% for each spot_ in the

second set :  arfar anabling thegresenion agasch thenew impmge optsideke set ?%‘E‘a‘é‘/h@d ¢°§V image
statistical | yespb{sfa%{dqn& fikdt QB0 SFRfnthatdhRll nk if2ge §|§‘di§’{lé1n §5eco fxz sersify ﬁ,gpq of

claim 1, wher n sald I mge 1S at east one two-di nensi ona oresis
gel |rrage of ‘dagher thapithe ﬁs:t sensitivgy anflreshape éritdrion todbeaten mqndxmloéumdqunbdgel

I mage is ding, an x-ray film a flourescent |ight sensitive
exposed f| I m &eug?rga{gg%ﬁgﬂé gel phot ographi c exposed filmof the

el ectrophoresis gel. 20

57.  The computer program product of claim 45, wherein said at least one
10 algorithm, sub-routine, routine or comparing means comprises: '
at least one algorithm, sub-routine, routine or first set analyzing means for
enabling the processor to compute a statistical average of I0D% for each spot in the first
set;
at least one algorithm, sub-routine, routine or second set analyzing means for
15 enabling the processor to compute a statistical average of IOD% for each spot in the
secdnd_ set; and
at least one algorithm, sub-routine, routine or statistical average differencing
means for enabling the processor to determine if each spot in the first set is statistically

different from each spot in the second set.

20 58.  The computer program product of claim 36, wherein the position of the
master composite spots and the position of new image spots are expressed in rectangular

parallel coordinates.

59.  The computer program product of claim 36, wherein said image is at least

one two-dimensional electrophoresis gel image of cell proteins.

25 - 60. The method of claim 1, wherein said image is at least one two-

dimensional electrophoresis gel irhage of cell proteins.
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61.  The method of claim 60, wherein said gel image is of a video recording,
an x-ray film, a flourescent light sensitive exposed film or a stained gel photographic

exposed fitm of the electrophoresis gel.

62.  The computer program product of claim 59, wherein said gel image is of
5 a video recording, an x-ray film, a flourescent light senisitive exposed film or a stained

gel photographic exposed fiim of the electrophoresis gel.

63.  The method of claim 35, wherein said first set and said second set image
spots are of the same image captured under different image capture conditions or using

different spot amounts.

10 64. The computer program product of claim 57, wherein said first set and said
second set image spots are of the same image captured under different image capture

conditions or using different spot amounts.
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