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[0001]  This application claims priority to U.S. Provisional Patent Application
60/912361, “Visual Analysis of Multiparameter Flow Cytometer Data,” which was

filed on April 17, 2007, and which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates generally to analyzing, displaying, and
visually comparing location-specific, multiparameter data sets and, more specifically,
to analyzing, displaying and visually comparing data sets resulting from the

cytometric interrogation of biological samples.

BACKGROUND

[0003] Incorporating recent advances in digital computer and numerical control
techniques, analytical instruments are being designed to automatically interrogate a
number of samples and measure two or more parameters during an interrogation. In
typical measurement scenario, samples are positioned in locations on a carrier and the
carrier is loaded into an instrument that automatically interrogates the locations. The
gathered data may accurately be referred to as location-specific data since each of the
interrogated samples is positioned in a known location on the sample carrier.
Location-specific data may also be generated by an array of instruments, each of
which is positioned in a known spatial relationship to the others. .

[0004] Modern cytometers are representative of instruments that are designed to
automatically analyze a number of samples on a carrier. These devices commonly

interrogate particle-containing samples by illuminating the particles with one or more



techni ques, anal ytical instrunents are being designed to automatically
interrogate a nunber of sanples and neasure two or nore paraneters during
an interrogation. In typical nmeasurenent scenario, sanples are positioned
in locations on a carrier and the carpier is |loaded into an instrunment that
automatically interrogates the | ocations. The gathered data may accurately
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Location-specific data may .al so be generated by.an atray of.instrunents,
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commonly interrogate particle-containing sanples by illumnating the
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colored light pulses that are generated by the particle-beaminteraction.
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di fferent wavel engths. |Informatjon about the particles is provided by the
wavel engtProvidedpy thgseavalsastinaprlityde andsshape af g cplogas light pulses. [ 0005]
Cytoneters nmay be used to interrogate particl e-containing biological

sanpl es d60AMi ni Oytomsiters uhay hehasedate idisriogatd parbeteiconiangngrigelogisals. The
particles in such sanples nmay be surrounded by a solid, liquid or gaseous
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their interrogation. Commercial flow cytoneters include capillary flow
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Technol ogi es , CA and tonventional Sheat ow I nstrunments such
as the F Cal i bur manuf act ur ed b D.Biaosci ences, of San Jpse, CA.. The
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"Sevent een-col our Flow Cytonetry: Unraveling the Inmune System" by S. P.

Per f et t 0,P@&A-98] manudpatuned tRe(Guave Teehnedngiesy ol Yeywanl, (¥p.and4@nge8ion2004) and
"Beyond Six Colors, a New Era in Flow Cytonetry,"” S. C. DeRosa, et al.,
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Cambridge, MA is a representative scanning cytometer.
[0006] Advanced applications require cytometers with a large number of detectors
as described in “Seventeen-colour Flow Cytometry: Unraveling the Immune System,”
by S.P. Perfetto, et al., Nature Review Immunology, vol. 4, pp. 649-655 (2004) and
“Beyond Six Colors, a New Era in Flow Cytometry,” S. C. DeRosa, et al., Nature
Medicine, vol. 9, pp. 112-117 (2003). US Patent No. 6,683,357 issued to Clifford A.

Oostman et al. on January 27, 2004 describes a representative multiple laser

cytometer system with a reflective filter system for advanced applications.



3 Enbodi nents of the OCostnman patent nmay have three or nore excitation

vol unmes and nore than a dozen detectors. [0007]Due to its conplexity, the
data generated by the interrogation of one of nore sanples with a cytoneter
are typically analyzed using a digital3conputer. Commercial software
packages for cytonetry data analysis include FCS Express from DeNovo
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| i censed through Stanford University,” Stanford, CA and Cel | Quest PRO from
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also dlscﬁgsengﬁaﬁgéQ%Q? gA No. 6,178,382 issued to Mari o Roederer,

on Ja 01 and "In flow c tr at uid for t he
perpl exedTﬂﬂiﬁf HgISE“’eHbélwo@P Hith %&&?ffegmﬂ%h”ﬁe ?ﬁ?gov bigge odg1- 685,
July 2006. SUMVARY [0008] The present invention is directed to presenting
out put datmoere camplesewit  agtomstesrarb| typivaliuanalyzadpasing on digital empvterror
out put data sets. The invention is further directed to interacting with a
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accordance with one enbodi nent of the invention, a graphical user interface
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data sets in the context of a nulti pl exed, | ocation- speC|f| c heat map. The
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that each icon is V|suallé§a5500|ated with at | east one sa |l e | ocation.

[ 0010] Fur ihéfhBatent Ne. 6.82888% irsuest tor Marip diasgleres, i 9k @8dannis 2084iawds so

that data fromdifferent data sets may be visually represented in different
regi ons afthterpratiag dthw cytometry data: a guide for the perplexed,” L. Herzenberg et al,

Nature Immunology, Volume 7, pp. 681-685, July 2006.

SUMMARY

[0008] The present invention is directed to presenting output data to a user so as
to enable visual comparison of two or more output data sets. The invention is further
directed to interacting with a graphical interface that provides for such a comparison.
[0009] In accordance with one embodiment of the invention, a graphical user
interface (GUI) for a computer system visually represents data of two or more output
data sets in the context of a multiplexed, location-specific heat map. The heat map
comprises icons representing a group of sample locations that have been interrogated
to obtain location-specific input data, which is analyzed to generate the output data
sets. The spatial arrangement of the icons in the map is visually similar to the
physical arrangement of the samples so that each icon is visually associated with at
least one sample location.

[0010] Furthermore, at least one of the icons is divided into regions so that data

from different data sets may be visually represented in different regions and compared.



4 In certain enbodi nents, the shape of the icons may be substantially the
sane as the shape of the sanple |locations, all of the icons may be divided
into regions, or the arrangenent of the sanples and icons may be the sane.
I n ot her enbodi ments, the output data4sets may conprise data fromtwo or
nore sanpl es and the number of regions may be equal to the nunber of

anal yzedh%éﬁauﬁ%hl%odiﬁ?én?s I ShaPBYBS AR RS ﬁﬁ?%etsﬁbét@rﬂiaﬂ%hé’ﬁmﬁ@ shth%ons by
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of a one, two, or three-dinensional figure in a graph. The visual

r epr esentiad intsroghtidrhef paritlycbataindisgibiotogimy sahsles tvithckfldweyhmnges ai n t he
anal ysis paraneter, thereby allowi ng the user to observe the changes in

out put datAnasSekiméted W th changes in the paraneter. The input data

anal yzed and presented in the heat map 5 may result fromthe interrogation
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applying the analysis to a data set to generate results and repr esent i ng
the resulmgngement rdgragiplest apdalsoceisplaysTidi EeprRseadonmey the rapisi @fdtheo
anal yzing and di splaying results of the analysis of data that is generated
by i nt er naglgsdsn § hjpaambolireert @omprisésreggdd at Agimedive geapbicakrepidaséntatidn afw or
scanni ng cytometer.
at least one analysis that is applied to a data set to generate results. The analysis has
at least one parameter that a user controls by interacting with the graphical
presentation and the results of the analysis are presented with at least one additional
set of results using a multiplexed location-specific heat map. Variations in the results
that are associated with changes in the parameter are visually represented in the heat
map. Optionally, the parameter may be selected from a menu or be adjusted by
changing the shape of a one, two, or three-dimensional figure in a graph. The visual
representation of the analysis results may also track the changes in the analysis

parameter, thereby allowing the user to observe the changes in output data associated

with changes in the parameter. The input data analyzed and presented in the heat map



[ 0013] The invention is also enbodied in the presentation of two or nore
data sets on a conputer display for visual conparison by a user in which
the data sets result fromthe analysis of an interrogation of an
arrangenment of sanples. The presentati®n conprises mappi ng the arrangenent
of sanples with visual icons in the display so that each icon is associ ated

with at | @@t redile FATRhE iféifodalin Pt ic-ttahingnsiBidgial saaphs wigial icon
to the other icons is simlar to the spatial relationship of the sanple

associ at e | | jcon to the other sanples, subdividing the icons
I nto regi glﬁgé%ﬁ%&g?%@%%te#epresenti ng each data set in a unique region of

the icons. This presentation be used to present .data.resulti.ng,fromthe
interr ogat[f’q}g of ‘ﬁﬁ?"g?’rc?Sé’e?:to?f&%érmﬁﬁ}mﬁflo‘fo&@?rgﬁImtg%?%é” Iy &‘ﬁ gANRY o
scanni ng cytoneter. BRI EF DESCRI PTI ON OF THE DRAW NGS {0014] Wil e the
appended dntgifage. st user inieragie Willnthg éyerfgcet b dsfiaiggnat leasiedns aralyis:h
particularity, the invention, together with its objects and advant ages, nmay

be best uspesifyingohitsodmephiremet fomihegnalesis, dpplyingethe mnglysioto & didesetitn
conjunction with the acconpanying drawi ngs of which: 6 [0015]FIG 1 shows

a optical gsy&hterredudts &dl repebdnfitlg the Ydsditeh anegid@ofakid Yns.i gihis methad

cytoneter. [0016]FIG 2 shows a gated histogramused in the analysis of a

cytometry 0381 G applied to analyzing and displaying results of the analysis of data that is
generated by interrogating particle containing biological samples with a flow or
scanning cytometer.
[0013] The invention is also embodied in the presentation of two or more data sets
on a computer display for visual comparison by a user in which the data sets result
from the analysis of an interrogation of an arrangement of samples. The presentation
comprises mapping the arrangement of samples with visual icons in the display so
that each icon is associated with at least one sample and the spatial relationship of
each visual icon to the other icons is similar to the spatial relationship of the sample
associated with the visual icon to the other samples, subdividing fhe icons into regions,
and visually representing each data set in a unique region of the icons. This

presentation may be used to present data resulting from the interrogation of particle

containing biological samples with a flow or scanning cytometer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] While the appended claims set forth the features of the present invention
with particularity, the invention, together with its objects and advantages, may be best
understood from the following detailed description taken in éonjunction with the

accompanying drawings of which:



set. [0017]FIG 3 shows a gated dot plot used in the analysis of a
cytonetry data set. [0018]FIG 4 illustrates a 96-well sanple plate that is
used to hold liquid sanples for interrogation by a cytonmeter. [0019]FIG 5
illustrates a systemfor the interrogation of nultiple sanples using a flow
cytoneter and the analysis, display and conparison of the interrogation

data. [ OGGOIST! G Ffe. 1 bl 2bRaRs Rt fr'elecdlflaNdaifh 2l Hefekfinklighs o

i dentical sanples 1n 64 sanple wells to determne thée effect o

cyt oki nes ghe ceLIuIar processes in the sanples. [0021]FIG 7 illustrates a

systen1f6? fﬁtnF r'errogation of the atnosphere at three | ocations using

ollution nmonitors and the anal i s, displ and coppari son of the
ipnt errog 40018) gaFlo. 2 gmows a gated ¥11$stogram usgd E1iny the anafysgp of a cytometry data

set.

[0017] FIG. 3 shows a gated dot plot used in the analysis of a cytometry data set.
[0018] FIG. 4 illustrates a 96-well sample plate that is used to hold liquid samples
for interrogation by a cytometer.

[0019] FIG. 5 illustrates a system for the interrogation of mulﬁple samples using a
flow cytometer and the analysis, display and comparison of the interrogation data.
[0020] FIG. 6 illustrates a pattern of adding of six cytokines to identical samples
in 64 sample wells to determine the effect of the cytokines the cellular processes in
the samples.

[0021] FIG. 7 illustrates a system for the interrogation of the atmosphere at three
locations using pollution monitors and the analysis, display and comparison of the
interrogation data.

[0022]  FIG. 8 illustrates the architecture of a digital computer.

[0023] FIG. 9 illustrates an arrangement of icons on the screen of a computer
display that is similar to the arrangement of wells in a 96-well sample plate and the
division of the icons into regions that may be used to visually represent output data
sets.

[0024]  FIG. 10 illustrates the visual representation of numerical values with a
combination of visual tone and hatched patterns.

[0025] FIG. 11 illustrates arrangements of samples in the wells of two 96-well

sample plates.



[0022]FIG 8 illustrates the architecture of a digital conmputer. [0023] FI G
9 illustrates an arrangenent of icons on the screen of a conputer display
that is simlar to the arrangenent of wells in a 96-well sanple plate and
the division of the icons into regions7that may be used to visually

represent output data sets. [0024]FIG 10 illustrates the visual
represent ggax%) Of pieyner ilﬁﬁ{rat\éélaﬁea?rdffgélﬂelﬂ SO SRIaRATdoRs a@éociﬂt&yaﬂltht @ge and
hat ched patterns. [0025 JFIG 11 illustrates arrangenents of sanples in the

well's of 4 881% uar X aﬂ‘gf}? ElapésagfelﬁG ég a%lggﬁeG giﬁlles%n 5f thel koA T fepidil

arrangenen associ at

that may be used to visually represent data sets resulting from analyses of data
obtained by interrogating the associated locations on the sample plates.

[0027] FIG. 13 illustrates an arrangement of diamond-shaped icons associated
with the locations on the sample plates of FIG. 11 and the division of the icons into
regions that may be used to visually represent data sets resulting from analyses of data
obtained by interrogating the associated locations on the sample plates.

[0028] FIG. 14 is a flow chart representing the process of selecting, analyzing,
and visually representing results obtained by analyzing location-specific flow
cytometry data.

[0029] FIG. 15 illustrates a group selection screen in a user interface.

[0030] FIG. 16 illustrates an analysis definition screen in a user interface.

[0031]  FIG. 17 illustrates a heat map definition screen in a user interface.

[0032]  FIG. 18 represents a gate modification screen in a user interface.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Features of the present invention are illustrated herein in the context of an
application in which multiple samples are interrogated by a flow cytometer. This
application of the invention is intended to be representative and not limiting.
Alternative embodiments of the invention may be used for the display and comparison
of analysis results from a wide range of interrogations other than flow cytometry.
[0034] In a flow cytometer, the light from a sample is collected, separated
according to wavelength and imaged onto detectors using an optical system, 100,

similar to that shown in FIG. 1. Light 101, which is typically emitted by the sample



| ocations on the sanple plates of FIG 11 and the division of the icons
Into regions that nay be used to visually represent data sets resulting
from anal yses of data obtained by interrogating the associated | ocations on
the sanple plates. 100271FIG 13 illugstrates an arrangenent of

di anond- shaped icons associated with the |ocations on the sanple plates of

FIG 11 %{'ﬂletftaﬁn@wglgés% &fue&t@&bg%q&%i ts&d&ﬁ&k@a% hteﬂ;oim Ltegd to

visual ly represent ta sets resulting fromanal yses of data obtalned by

I nt ' tf i,at I ti th le.plates. 100281FI G 14
o a 11 onva e PRhAT ] «RehnecRiad it 2P iR ChGon R Beang
visual ly representing results obtained by analyzing |ocation-specific flow
cyt omet rgﬂghgtravel piozodeteation paths| | Qdsthaheergain gfeoupngdersci (o Badpess in a

user interface. [0030]FIG 16 illustrates an analysis definition screen in
a user i filter 1Gcand § 08U @G. The detdctars A 6T esnvartitbatightetp etbefromictsigmalsscr een i n
a user interface. [0032]FIG 18 represents a gate nodification screen in a
user i nt gt ae tralkpoNell Bia Rioh it IShAIOMetls 1dkm | SMdERicCOtocessing unit (not

shown).

[0035] In a typical system, the electronic signals are analog pulse trains and the

electronic processing unit creates digital representations of the pulse trains generated

by the detectors. The digital representations are commonly stored according to a

defined format on a data transfer device. The File Cytometry Standard or FCS format

developed by the Standards Committee of the International Society for Analytical

Cytometery (ISAC) is one of many data storage formats that are suitable for file

transfer.

[0036] The act of interrogating and recording light pulses from a single particle

may be referred to as an event and the interrogation of similar particles generate

pulses with a limited range of amplitudes in a subset of the detectors. In a cytometer

with N detectors, the amplitudes of the pulses generated by all of the detectors during

an event may be represented by an N-dimensional vector or a point in an N-

dimensional data space. In the data space representation, input data is analyzed by

counting the number of events that have point-representations within an M-

dimensional (M less than or equal to N) volume. The projection of an M-dimensional

volume onto a graph having one, two or three dimensions is commonly referred to as

a “gate.”

[0037] In an instrument with a single excitation source such as the EasyCyte Plus

manufactured by Guava Technologies of Hayward, CA, an event may generate output



[ 0033] Features of the present invention are illustrated herein in the
context of an application in which nultiple sanples are interrogated by a
flow cytonmeter. This application of the invention is intended to be
representative and not limting. Aterqative enbodi nents of the invention
may be used for the display and conparison of analysis results froma w de

range of ipjsel Trlg?gﬁd[u?]ﬂé B Bi8ferdn ABtebloRW ?fés@rﬁ%}fci'ors E)&?&%Qﬂez@uifel Rt

cytoneter, the roma sanple I's collected, separatéed according to

wavel engt h_and i ed. onto detectors using an_.optical sys . 100, simlar
o Ehat s uR PioRned o Tofyegf it gt ikt S @ohd MhomRhe FistR) the
sanple S jin the formof pulses, is collected by a lens 102 and directed to
di chroic @ét{i?fﬁfﬁIW%VF@PEthiOS that divide the light 101 according to

wavel ength. The divided portions of the light travel along detection paths
104 that d00a8ki n In ¢aseuwheng pacticdes1Oba specfantypasen belidentificdaistngopwsedet ect or
107. The detectors 107 convert the light to electronic signals that are

t ranspor t éebny a 3ingid@edton gates aRaddInrhonlfde fhaliigignh cinpyle bésssrirang 100ids ( not
shown). [0035]1In a typical system the electronic signals are anal og pul se

trains angidi@tedlif FiGONI ; the %@&gﬁxﬂqw%& oﬁé—ﬂﬁ‘ﬁ&ﬁioﬂhlgéaft@illr ERFpsiHsat i ons
of the pulse trains generated by the detectors. The digital representations
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transfer. [)0036] The act of interrogating and recording |light pulses froma
si ngl e parapscigsas 112.

[0039] In cases where data from two detectors is required for particle
identification, the data may be displayed as a dot plot in which the pulse amplitudes
are shown on two orthogonal axes. A typical dot plot 120 is illustrated in FIG. 3. In
the plot 120, pulse amplitudes from each event are plotted as points 121. Events
resulting from the illumination of similar particles typically form clusters 122 of
points 121 in on the dot plot. A gate is represented as a closed figure 123 on the dot
plot and the size, shape and position of the figure 123 are optimized to separate points
produced by particles with specific characteristics. The number of events caused by
particles having the desired characteristics is determined by counting the points in the
gate representation.

[0040] Modem cytometric measurements typically require volumes to be defined
in data spaces having three or more dimensions. For example, a comparatively simple
flow cytometer, the EasyCyte Plus manufactured by Guava Technologies of Hayward,
CA , has six detectors (four fluorescent and two scatter). In this device, a single event
may generate a pulse in each detector and data analysis is typically carried out in a

space with four to six coordinates. Visual representation of such a space is difficult



may be referred to as an event and the interrogation of simlar particles
generate pulses with a limted range of anplitudes in a subset of the
detectors. In a cytonmeter with N detectors, the anplitudes of the pul ses
generated by all of the detectors durnipng an event may be represented by an
N-di mensi onal vector or a point in an N-dinensional data space. In the data

space repp SRy, coffiibrcidPiotiwade Egﬁé\%&eﬁgr IBe &%ﬁsj mﬂéﬁ%ﬁ%[ eof

events that have point-representatio thin an I mensi on ss than
or equal to vol unme. The projection of a di Lanal .vaol ume gnto a
gr aph ha@?ﬁg‘i\%ﬂ?&my 650?51?31P°§é 4 ﬁgjiaﬁ%s {]@ﬁomﬁ?ﬁr %Qr&e@et@%as a

"gate." [0037]In an instrunent with a single excitation source such as the
EasyCyt e tep (kmprsiameh aigs-o Paksp rapiadlso PedefiBed By Psoiestinggrrasonteireen event
may generate output 9 pulses fromfour to six different detectors. These
det ect or slimgmiaal tlpudphesirtavol diglensipod]l desogramducrethrdnghftbe wae df semduser, | ar ge
angl e scatter and fluorescent em ssion at different wavel engths. [0038]In
cases Whekperfaditalat@miquks.a specific type can be identified using pul ses
froma single detector, gates are commonly defined using a sinple histogram

110 as i liboiiy" at Pdw dhdfsebhnidg c}ltGm][eQ?s Atk BERGRRE With indr&Rifd el ﬁ@%ﬂi%i onal

gate 111 corresponds to a range of abscissas 112 and the "nunber “of events

falling inside th te. 1S 0t nder .t ortion of the
hi st ogr ar??él craﬁggsp%ﬁ i ﬁ‘élr% gl%rg%g‘!r”g{r’l%redg%mg{?gg? éés‘ghstyri@.{ed[ %Tquﬁnﬁ%rs es where
data fromtw detectors is reqéli red for particle identification, the data
may be ditkopIGHava BasyGyio Iy gud j othgihcxtemetrss g desighed i teuaesmatieallyhown on
two orthogonal axes. A typical dot plot 120 is illustrated in FIG 3. In

t he pl ot int2@pgate h swiltapisitytafsemples dmn sadt-vweellesamplde plats! artalterhative pwiltht s 121.
Events resulting fromthe illumnnation of simlar particles typically form
cl ust er s sddgleofarfier. NFEG.12 Jis ianschombfie repotsepladivn of gas-avellsplapt s evithed as a
closed figure 123 on the dot plot and the size, shape and position of the

figure 123mal8waRt 131 ia80rckRlad 8RAY 8t VRN G IRARIUSIBRs RimiPA1th itld S1ate t h
specific characteristics. The nunber of events caused by particles having

the desi ﬁ%ﬂ a?{lfél(%r%ﬁ{[ogf}j ﬁstehcfﬁr h?e Qﬁ&gﬁt@l %gnggatﬁ8%{$%pfehﬁqﬂg isgﬁlﬁleg.n the

gate représentati on.
With six detectors, a single run with a full 96-well plate generates 96 six-parameter
data files.
[0042] FIG. 5 is a schematic representation of a hardware and data transfer
scheme that may be utilized for the automatic interrogation of a multiwell sample
plate with a flow cytometer and the analysis of the interrogation data. In a typical
measurement, a multiwell sample plate similar to the plate 130 of FIG. 4 is loaded
into the plate carrier 132 of a flow cytometer 133 by an operator (not shown).
Measurement parameters, storage format, sample specifications, and other data are
entered into the digital control unit 134 of the cytometer by the operator. In some
instruments, the digital control unit 134 is incorporated into the cytometer package or
alternatively, the digital control unit 134 may be a computer.

[0043] Interrogation data and other information is typically stored in a predefined

file format and may be transferred to computer 135 for analysis and comparison.



[ 0040] Modem cytonetric neasurenents typically require volunes to be defined
i n data spaces having three or nore di nensions. For exanple, a
conparatively sinple flow cytoneter, the EasyCyte Plus manufactured by
Guava Technol ogi es of Hayward, CA , hd% six detectors (four fluorescent and
two scatter). In this device, a single event may generate a pulse in each

det ect or aNngrhdivalyaitah¥pbé ahflyiedrbiE tlel digitardon6l oMt 180 dn spRcevhekd B four to

si x coordi nates. Visual representation of such a space is difficult 10
and, cons o : rd r 2965 1 Yibs @F flow
cytorretry%c'é'.glte%jg?? ?\Sgﬁg\%lfg{ngétaaagél%ﬁlag%?gﬁé conb?%%tl%%%s EALND?sr %Q NOT,

etc.) of e and two.d] si onal s.. Gates al so b efi.n y

o o bt 1 ndlosSRtmeihy & R eORPHer T ERsine Bt aipia PRl Al FhURE i,

hi stogranms, or through the use of variaqus experinental techniques.

[ 0041] FI o#rearet lypisethiongptiopt diset anagnglic dpuess dlaghs daves Etherprt CORRSCHENS: r equency
in applications that require a | arge nunber of sanples to be interrogated.
ConsequeniUSB cannect@nayEirEagy Oynnecidnss wanlsondteorks pnd hemetscoanectigasi gned t o
automatically interrogate a nmultiplicity of sanples in a multi-well sanple
pl ate or §004a] nat Coreventidial cparmptrg aaslfsis @hckabtsGllodv ihe werstolveleet 4 group
representation of a 96-well plate 130 wwth sanple wells 131 in a regul ar

array of r i i t nly
R o e Y R O et i S L

detectors,, a_single run-with a. full  96-well t t 9

Si x- par arrgfeesrﬁﬁdggggﬁe 'eéf.ﬁn e%o%%ﬁi%—“ﬁ é1s05al¥<\)§v g %é‘%eﬁ%gﬁgﬁl%p{r%}see%agzlegn of a
hardware and data transfer schene dé?at. ms%}#)e utilized for the automatic

i nt err ogat'$88 Y F MOre iCREMOns gp | deipitions bRf €98 2ot FHRY @y EsSHde &SWY t he
analysis of the interrogation data In a typical neasurenment, a nultiwell
sanmpl e pl &e@paterh¢ antpriodatin elnstead.cthg gutpuf d4ta @ talulpied |ip a gegadshed andorpl at e
carrier 132 of a flow cytonmeter 133 by an operator (not shown). Measurenent
par anet er srandtwedipe gameriavisudpngEentatpegpdlicatadni. ons, and ot her data are
entered into the digital control unit 134 of the cytoneter by the operator.

In sone i NEYABYTENESomtelte WLb@i WRG iRRRbEAL aURkde AdfibdSof BEAFIBOLALEGAENt O the
cytonmeter package or alternatively, the digital control unit 134 may be a

g?gﬁgge{ n b;&%é%é?#ﬁé%ﬂﬁ% WRfls gﬁlta%aﬁﬂg p?&t@ﬁ{ sdcﬂfa%E[%LP\UelisscoBYa%iﬁghl y
specific compound form a geometric shape on the sample plate. The central
representation 140 in Fig. 6, for example, is a map of a square arrangement of 64
wells in sample plate that have been filled with identical samples of CD8" cells. The
hatched regions 142 in the outer plate representations 144 correspond to sub-
arrangements of wells in which the indicated cytokine has been added to each well.
The central plate representation 140 illustrates the combination of cytokines in each
well. Once cytokines are added to the samples in a multi-well plate according to the
map 140 in FIG. 6, they may be interrogated in a single automated run by a cytometer
such as the Guava EasyCyte Plus flow cytometer and the results stored in 64 input
data files. If the six detectors of the EasyCyte Plus instrument are used to record data

during the interrogation, each event in an input data set may be represented as a six-

dimensional vector. Analysis of these files for CCR7 expression, for example, is



file format and may be transferred to conputer 135 for anal ysis and
conparison. 11 Alternatively, it nay be analyzed by the digital control
unit 134. In cases where a conputer 135 is used for data anal ysis and
conparison, data is transferred froml2he fl ow cytoneter 133 to the conputer
135 using conventional nethods that include but are not limted to optical

di scs, Maghshplshed by eRfinfnlgas PoldieVifiShe FixDdfeRlioks? MARCIPTaB Sithl38 and
connections, Fire wre connections, W rel ess networ ks and | nternet

connecti .y [ - I: t he user
to sel ec?& §1 d@f&%ﬁ%@ %%%%%icl%g@?gg?ﬁgﬁr%t{%iog%f@ !F%t?nnz eF ?}g{&ﬁgf},ﬁe i%llrllgtgicl)grre cases,
froma visyal .representation of the sanple carrier. These packages al so

al l ow a lengﬂl?fg%EF V T‘frp?'es to be anal yzed using one or nore common gate
definitions but do not allow a user to visually conpare the output data.

| nst ead, [004] out pomvensionalicytomsiiy| apebygisinacleagep peesers Heeanatysiy tspulisrianst er r ed
to a generic visual presentation application. 100451Cytoneter users who

i nt errogatmla foangethaumbless io0iffawp fesanodpeeaton da dith ahnalystcal coreigio theds t o
wells on a sanple plate in such a way that wells containing a specific

conpound cugfuiigfoRBaite Wwith tEEPBSItION of iBe Safpletinhatngulti gl pRAL r &l the
representation 140 in Fig. 6, for exanple, is a map of a square arrangenent

of 64 We'e!g}?e. et Iﬁégl, %reex%%@ielﬁgmﬁﬁ&[ Nassbdihied v?%ht fhe’ amdcﬁﬁénafsanpl es of

CDS+ cel | e hatc regi e outer plate represe ions 144
correspond t ub-arrangenents.of wells in ich the indicated cytokine has
been addé’&“f‘ﬁﬁzcé@tﬁo &‘I‘. ?T?Hba faQH[af BTeSfﬂ%%Hoél %ﬁﬁﬁ’é&ﬁ?mi on 140 illustrates

t he conbi nation of cytokines in each well. Once cytokines are added to the
sanpl es i[04 nul Epovgatipng| catamepcyiadisiigPackages elseelsrcedbe iopemtas.or glata; hey nay
be interrogated in a single automated run by a cytoneter such as the Guava
EasyCyt e aRhlyst tb nometyalhynemneraraithe output datg ditons didfevent darmple$dr anafyses.dbt a fi | es.
If the six detectors of the EasyCyte Plus instrunent are used to record

data duricagstWkerkrit &4 degabicot, caapite alaenfroi sékrdl Nlikes ditsampds drayy be
represented as a six-di nensional vector. Analysis of these files for CCR7

expr essi Qfinyit Aot ERIfate tife redults2ORAN bf&gﬂmﬁgfﬁﬂit?%fﬁnmgﬁé%é n the

si x-di mensi onal data space with one and i onal gate3 and counting
t he nunber of events iq dat% \éol ume.

[ 0046] Convii PHEPt Bybe RSyl bt obbipb e B dolE bl Vot 1o

'na time consuming.
[0048] The analysis and display of data that is obtained by interrogating a number
of sample locations is significantly complicated without the ability to compare two or
more sets of location-specific data. In cytometry and other applications, sample
locations often have a fixed spatial relationship to one another and the individual
carrying out the interrogation and/or analysis can quickly identify the properties of a
sample by its relative location to other samples. The experiment illustrated in FIG. 6
is representative of many experiments in which cytokines or other substances are
added to samples on a carrier according to their location and automatically
interrogated using a flow cytometer.

[0049] In other applications of the sort of data analysis described above, two or

more instruments may be used to interrogate samples. For example, the concentration




tabular format that nmakes it difficult for an operator or data analyst to
correlate the output information with the position of the sanple in the
multi-well plate. In the experinent of FIG 6, for exanple, information
associated with the well location is vudry difficult to extract froma
tabul ar presentation of output data. [0047] Conventional cytometry analysis

packages @Fraf doRlueRtsliREuGREPMPES, BV110883n804d ¥oifurlRo8ERal BRlrheaseregpar e the
output data fromdifferent sanples or analyses. In cases where it is

desirabl et o I r tes : : Of.:

si mul tanecl)jg'sa[ §‘9%§g|a§%‘?%%?{e 0(r? S E‘W‘g’{ gtotng})%eﬁ ]t‘a’gé%%g[%ﬁg aaE1 (&F a(t)lﬂlletr y of
anal yses to a si.ngle group. of .sa s,.the nunerical conpar.i son out put
data i s b&PEERTE i ELh t ﬁﬁxfgquaﬂgn ggjng‘ﬁrﬁnﬁ&‘mf‘é@ﬂprﬁ’@ Sﬁgg y@?@a er‘i@{’?ﬁi spl ay
of data that is obtained by interrogating a nunber of sanple locations is
si gni fi casUPSFinRAsHIS ehrEangdmand o icons sipiller ttg the aggpgsamant (Afongfulgte set s
of location-specific data. hi cytonetry and other applications, sanple

| ocat i ons lorfatiems lvave map.i x&ig.spaisi al schethatid ahsdtiiaion cofothe hawivwhes aadd t he
i ndi vidual carrying out the interrogation and/or analysis can quickly

identify thRnRnRRA6H cRMmnelks iR aSepRbditdlive ipofutid] AbhiteidOeRtenP NS, Olrothber
sanples. The experinment illustrated in FIG 6 is representative of many

experi mnﬁﬁu&n@teﬁ{?@t‘@nﬁ%%ﬁ%ﬁﬁopﬁ fah RlonFHP HcAQE A n@AF 8o (0P @EP! €s on

a carrier accor to t cation and automatically interrogated using

a flow cytopeter. [0049]1n ot.her | .. cati.ons of th rt of .data.analysis
descr | bed PRUBUE ps P gions bRt RRaGR! 1Y Sedrurtel 12 Penielisod

sanpl es. For exanple, the concentration 13 of air po]lutants ingcluding
PMR. 5, PM21¢sntral spraputa 1a4iithat s dlsoxnsgd ﬁ?ﬁ)ﬂaﬁemﬁ&ﬁsﬁjﬁ%{j CORP31SOP Atj the
arrangenent of pollution nonitors at |ocations within a city or other

geogr aphi enayzss dath elnffaromtion mayfbetttamsierrsd batwsan shengeptrblecommitéryl Sdiasgdl ayed by
superi nposi ng an arrangenent of icons simlar to the arrangenent of

i nst r unenthd MoAitdriESnstunGentiAIS?2 sirg; convérdiodalshblod. i ¢ il lustration of the
har dwar e and communi cati on channels in a representative pollution

moni t or i ngo@s03t eMEEE cofnBufel frtdredis 6 AbLSIH 3 L8ER tol Visttally ¥BAL e lRAmithat

nonitor the concentrations of two or nore pollutants are positioned at

f I
comput or 220 PhLEe KARiGRSL] ORPAE haaRisf, SPAbRL BTk eCEeR, 1

anal yzed dat a, ,nformati n may he rans{i’grred betgeen the central conputer
154 and t REPABNIYBHIHg i Ms CPRVFBHERA! 184er{acess OWBHy AR 8% 2 hret9myBaRLY

presented in a tabular form with specific locations designated By numerical and/or
alphanumeric characters. Tabulated data may be subsequently displayed using a
commercial graphical presentation package but such packages do not have the ability
to simultaneously display muitiple data sets in terms of the position of the samples
from which the data was derived. These user interfaces wherein data is visually
presented according to sample location only allow a single data set to be displayed
and precludes the visual comparison of two or more data sets.

[0051] According to the invention, a user controls the analysis and display of data
to enable the visual comparison of multiple data sets in terms of the positions of the
samples from which the data were gathered. The visual comparison is provided by a

digital computer having the basic architecture illustrated in FIG. 8 or an alternative



[ 0050] These conputer interfaces do not allow a user to visually correlate
out put data with sanple |ocations and conpare nmultiple sets of output data
fromone or nore sanple locations. In conventional interfaces, output data
sets are conmonly presented in a tabukar formw th specific |ocations

desi gnated by nunerical and/or al phanuneric characters. Tabul ated data may

be subseq%n&éturedé@%ley&ﬂbe%mﬂx@heqm&foﬁg ?k 1 #RE 9%&&%@&&0? i {0 package

but such packages do not have the ability to sinultaneously display

mul tiple. ets.l e f th Lt f S les fro ich the

data was 1@%:&'%‘%;@&: (ﬁqlﬁ%s?}ee L@? %Tg?\rttg‘?lf: %@ééson\%\% {elsrtg? ﬁéngxga% glaolrggss\snlgslhnéﬁ @yﬂg resent ed
according to sanple location only allow a single data set to_be displayed

and pr eciléiead dRemenys Dy, dptfraft w"ﬁafcygtv S ght 8¢ ecRigieRted dysthe nput

[ 0051] According to the invention, a user controls the analysis and display
of data tbockrigblaad ohpuy blogkll 6&ohpraexample, afputraperpipdns raak e sasomplisheder ms  of

the positions of the sanples fromwhich the data were gat hered. The vi sual

conpari sasingsa poménhtiethl keyboatd ghd glointimgpdevese, avkball, tduehdvasincdigplafi t ect ur e
illustrated in FIG 8 or an alternative 14 architecture capabl e of

per f ormi Iaggiﬁﬂ%ftmtar%an@ﬁvé H\ﬁn’ifd faterfac@ldeVitésc COUpRL frbin thEEPU 161511 at ed

architecture O, a user typically controls the central processing unit

(CPU) 162 i r ety i devj: t.hat._ar esent ed
by the i Gierica TEaRe Dufte efpes, TSP Wnilel" 8 1diGy 18 anfBed SBEET2T One
may be acconplished using a conventi.onal keyboard and. poi nting. devi ce,

T r ackbal FOMGhEhGE Wemor s ARG o Sl oF b Esterath, WABeh R TS SHurmn
interface devices. Qutput fromthe CPU 162 is directed to the output block
168, whi @htwsksennestion aad gfopgeadevie suel asaymagnstic slisen dlesh msmeme @r nore
net wor ki ng devi ces such as an Ethernet, Internet or wreless network

connect i opticdidist Digigd cdepieessisiable fas tle pragiivet ofcthdiisentibh asdhudee fmr y, or
optical disc. Digital conputers suitable for the practice of the invention

i ncl ude, eﬁcﬁkh{)@( aeRldd ordiaplop GRrsdhall cRipiterp F sm@Fe CORBIInEY §m9fo|yéd‘ ol Ype

comonly enployed for routine instrument control and data analysis or
Tl 1 o TR AR 50 P PR e Bl athen gl ! v
gener a; edompuisEs “tS5he Bisplih e A PorieER ol Bleh B3 08 5062] 1 n one
enbodi nent, the present invention provides a user interface for the
displays, plasma displays, CRT displays, projection displays, and interfaces that allow
computer generated images to be viewed on conventional television sets.
[0052] In one embodiment, the present invention provides a user interface for the
simultaneous display and visual comparison of multiple sets of location-specific data.
According to the invention, the results from two or more analyses of location specific
interrogation data may be displayed on a computer output device using a novel,
location-specific, multiplexed heat map, as illustrated in FIG. 9. In the screen 210 of
the computer display 200 illustrated in FIG. 9, a multiplexed heat map 211 is used to
visually present data obtained by interrogating particle-containiﬁg biological samples
in the wells 131 of the 96-well sample plate 130 of FIG. 4 with a flow cytometer. In

the multiplexed heat map 211, the wells 131 are represented by an arrangement of

circular icons 212 that is similar to the arrangement of wells 131 in the 96-well




si mul t aneous di splay and visual conparison of nultiple sets of

| ocati on-specific data. According to the invention, the results fromtwo or
nore anal yses of | ocation specific interrogation data may be di spl ayed on a
conput er out put device using a novel, 1bocation-specific, nultiplexed heat
map, as illustrated in FIG 9. In the screen 210 of the conputer display
200 ill Uskﬁﬁbﬁgglhf_é HiG T8e Smiatidy! ¢ ﬁé%ﬁ‘raﬂ?é&ﬁeﬂl@%f 2l idodis URBGhé eallssual |y

present data obtained by interrogating particle-containing biol ogical

sanpl es i . - of . - . I . with a
Fow cyt ondpa a8y frekittng wibi'Be el iRRRS g MG, dlbhie it
represented b n arr.angene of ci I’CL{| ar_icons 212 that is simlar to the
arrangener‘n‘foné%{zlgérﬂ yigragef Loyatygsaprle wells sampl e plate 130. The
simlarity of the arrangenents of the icons and the wells allows a user

i nteracti @033t h Inrke desation-enecifin mritinlexed beatimapad I ly cachd dharcenedbhisof t he
icons 212 in the interface 210 with a sanple well. 100531In the

| ocat i on- sipaded into fouk réghdbresxXtd deebistrated iR e icomdbtan 216 h&he cegions?2212 ins
divided into four regions 214 as illustrated in the icon detail 216. The

regi ons 2ige iddntdedill Zafeihdithap? 161 ardabdied WAPX2¥1and 2. | oipuedatiVse, Y, and
Z. Qutput data sets containing results fromthe analysis of input data from

at | east r i . 1 i e where
cach of t Roam ety fork e Bl KRS fih BOER bROLERIC W sERYT 1'C
interrogated using a.flow cytoneter, the l.ti pl exed, he na be used
Lo vi suar ISg el dheRnseibns ot whstsragh pf SiEiEs i §Elbe TifeEa?
interrogation data. 100541l n an alternative case where each of the wells
131 of twd3Hiconinsn synpls|thatys dntegogaipdrusing 2 Bow Hatamectcie the pruliindexedo, are

i nterrogated and anal yzed using two different anal yses, regions Wand X of
t he i cons heatomammapdeusedita visnadlyrmssent thelresults of ifow dffershhadlytsys ahthkyzi ng
data fromone sanple plate and regions Y and Z of the icons 212 nmay be used

to represémerrbfiondatsl t s obt ai ned by anal yzing data fromthe other sanple
plate In a further exanple, where each of the wells 131 of four different

sanpl e pl 395 SI W drPdlteitiB  aRANRIE cRINAhd 311 28 £ of RS a3k StmaRd

anal yzed using a single analysis, a data set associated with the wells on
each one he. pl at es e Visu resented in i r.egi.on of the
eons 212 itosifif Boul e R MEEREY AL RFEhES A taf DU WS 98" con
are derived _from apal yses of the input data obtained by interrogating a
sanpl e | odHHfsTERH G06E, SERANSN A o0} ereosnd ks WAY D6 PHs K ESPatel YL b ¢ he
position of a sanple is, therefore, inherent in the visual presentation of
t he out putresytis gblapned bycwabyzig- datre P ane sample ppisaad regions ¥end Zrpf henay be
contrasted to a nmultiplexed heat maps in which the position of an

icons 212 may be used to represent the results obtained by analyzing data from the

other sample plate. In a further example, where each of the wells 131 of four different

sample plates, similar to the sample plate 130, are interrogated and analyzed using a

single analysis, a data set associated with the wells on each one of the plates may be

visually presented in a unique region of the icons 212.

[0055] In keeping with the invention, data presented in an icon are derived from

analyses of the input data obtained by interrogating a sample location associated with

the icon. Information associated with the position of a sample is, therefore, inherent

in the visual presentation of the output data in a location-specific, multiplexed heat

map. This may be contrasted to a multiplexed heat maps in which the position of an



16 elenment or icon within the heat map is associated wth an experi nental
vari able or the value of an experinental variable. [0056] Wthin each
region, the results of an analysis nay be represented using known

techni ques. For exanple, a range of ngnerical magnitudes may be visually
presented as variations in visual tone or color. Wien values are presented

ot © ERAEPE: 06h SiBATRYBEL PR Bocifed FEE afb AR MARLOPAEY |

visual ly erm ne va ues wth an accuracy roxi na

di scovere a ¢ range of values may be V|suaIIy repr esent ed
with incré Sggm%F@%F§%8ﬁ9¥ qh% Iogarlthns of the values are represented by
variations in visual tone or cqlo We have further discovered that the
accur acy [#56hot hWﬂitha%chawalomogewemFﬁ of s Apalysis may; B EePResgnigd using

advant ageousl y i ncreased by superinposing hatched patterns on the visual
tone or &obwn techpiquseniar example,00 BgE lof nuaBricill magmitides mapder épradlyent at i on
of nunerical values using a conbination of optical density and hatched

pat t er ns prdsented@s tvagstsis ihovsual téreeohedlohedliapt valads atersédedteddalthis220, t he
zero representation is unhatched and the values fromtwo units to eight

uni ts ar gy %a%ﬁipm aig,ﬂafn@nga With hePmAnyisRnthad ividuss Zgrafeteﬁﬁ n%hEd

patterns. e 220 fromthe t opnost” r ow

direction he increas ns WS represents
an incre ﬁ“ 1Fht hatnres. ﬁéﬁhﬁlﬁla I’IIQ? :Y%élg%anﬁi aqé%%\;ilt g’ug f}rgrgepr esents
val ues fron1zero toﬁ?8 units with ten | evels of optical, density_and four
hat ched @¥ParBierTangs of Yaluesimay, B¢ vistribnrepresprigd “ith Ingrenssg) RfﬁBSIBFI yi ng
density is applied to each of the colums of icons in order to show varying
gray scallegagthneopbthe wihecssare pepresegtedsbievpriasipas i visaalgtong @rteolarc cWenodat e
limtations inposed by the requirenents for drawi ngs in US patent

appl i cat hans. fukthet y@is@akredmhbadi nent sccafacy hef | btknlinear, dhdvwdogkithrhise

variations in the optical density illustrated by the varying density of
sti ppl i NQerrBschBifioRC A b%?anﬁ’ﬁtaé:éogsly 1ﬂc7reé|sgd esuf)@lﬂh WAtERbdVHitelsi ONS 1N
continuous visual tone or color to facil |ta e Visua |scr|n1nat|on of

di fferent n\fﬁé \l,Jig,L?al?&eaqrgg{}g?%%sgﬂﬁ}lo&onput er displ ay Further increases in

resol ution ‘are possib sca with a larger nunber of hatched

patterns. T10057] FIG. 10 illustrates the representation of numerical values using a

combination of optical density and hatched patterns. In the topmost row of the
hatched optical density scale 220, the zero representation is unhatched and the values
from two units to eight units are represented in increments of two units by different
hatched patterns. Moving down the scale 220 from the topmost row 221 in the
direction 222, the increase in optical density in adjacent rows represents an increment
of ten units. In this manner the scale 220 visually represents values from zero to 98
units with ten levels of optical density and four hatched patterns. In the illustration of
Fig. 10, stippling of varying density is applied to each of the columns of icons in order
to show varying gray scale or color. The stippling is employed in Fig. 10 to
accommodate limitations imposed by the requirements for drawings in US patent
applications. In typical embodiments of the invention, however, the variations in the

optical density illustrated by the varying density of stippling in the scale 220 of Fig.



[0058] I n alternative enbodi nents of a |ocation-specific, nultiplexed heat
map in keeping with the invention, output data associated with two or nore

arrangenents of sanple |locations may be presented. FIG 11 illustrates two
di fferent arrangenents of sanpl e |ocatizons 224, 226 on two 96-wel | plates.
FIG 12 illustrates one of several alternative nultiplexed

| ocat i on- ypeft fdffadag abitRRRatbA&n m%int?@uéjﬁ?lgdl tSheXrSeN Vo FdiRtate Hidhd

resulting fromthe Interrogation and analysis of 1 nput data fromthe wells

in FIG 1L1. |l.n.the 0, .square jicons_ 236 | first p of five

col urms 2P RpBarRF et Esven i Emepniand Spdil aRhRYD Fludieri
icons 238.in a second group of fjve colums 234 represent the sanpl.e wells
on the sarffreasgs 3 gesohion, gye nossiplgpuspgh scales With ¢ [aRgsT Gpuntsy %&ﬁtsr]%ém umns
have been omitted and nunerical |abels 239 used to designate the sanple

pl at es angadeohsirms on the sanple plates that are represented by the col ums
on the map 230. [0059] Results fromtwo anal yses of the data obtained by

i nt er r ogat[0088] t helnsatepative emdbdiareatsat af Ibeatarpbafip| mukipRR4d aeat nvapsiual | y
presented in the regions of the icons 236 in the first group of five

col ums 23gefdifg Wi tARBhvedfon, B\%ﬁm Usta fab QR aBMEW AR &Y BF oRé BrriRARRAseA i n the
region of the rcons labeled 'W and results fromthe other analysis are

present od shokfbed B iy ¥ rnleA0MTG! ALASheedtud BRRLPLILL AR gresul ts

fromtw anatyses o ained by 1Tnterrogating

of 't he | oREPISIBCANE REs LBt SN eBIPET uRG: SAATRBES ORE of PO ine
anal ysis are presented in the region of the icons |labeled 'Y and results
from t he Gltaatiyganliiplexed lecatiamspnciirdirabmapnthehi@ay begnend tofdisplay quiis
| abel ed “Z.' The sane anal ysis nmay optionally be used to generate the
out put datdatar epuléag rfteaal the intemogation' ad amatysisYof apdt dstanfrdmrthe wedls in
FIG.11. In the map 230, square icons 236 in a first group of five columns 232
represent the sample wells on the sample plate 224. Square icons 238 in a second
group of five columns 234 represent the sample wells on the sample plate 226. In the
map 230, representations of empty columns have been omitted and numerical labels
239 used to designate the sample plates and columns on the sample plates that are
represented by the columns on the map 230.
[0059] Results from two analyses of the data obtained by interrogating the sample
locations on the sample plate 224 are visually presented in the regions of the icons
236 in the first group of five columns 232 in the map 230. Results from one analysis
are presented in the region of the icons labeled ‘W’ and results from the other analysis
are presented in the region of the icons labeled ‘X.’
[0060] Similarly, results from two analyses of the data obtained by interrogating
the sample locations on the sample plate 226 are visually represented in the regions of

the icons 238 in the second group of columns 234. Results from one analysis are

presented in the region of the icons labeled ‘Y’ and results from the other analysis are



second anal ysis may optionally be used to generate the output data in
regions 'X and [0061]Wthin each region of the map 230, the results of an
anal ysis are visually represented using known techniques. Typically,
nunerical magnitudes are visually repgesented as variations in visual tone
or color. In cases where the represented values cover a large range, it is

ogar it RS B REAS Sl P FEENAE apled 27 THPRER MR Ko S TBIGSET 20 11
Lonal - or "t GreepEakBE el BRG FrrevabiRhceong 1 Bl Gt 6 BulaRr

enbodi ment of the invention in which results obtained by interrogating and
anal yzi néecand analysisimakoptanalyeel usedq srnsrasn therpuitpit datadn pegiongnK 206 ar e
presented in a 5 columm, |ocation-specific, nultiplexed heat map 240. In
this enb@i nent, sanple |locations are associated with di anond-shaped icons
242 that are divided into four regions. Data fromthe interrogation and

anal ysi s[0U¢1} he Wahil &éch @6@bh 0P sheahars M| the Rdsalt€ oL 2t ardl Bsiy it Udddally
represented 1n the regions |abeled "W and 'X and data fromthe sanple

| ocati on Hnﬁﬁ : VA y : J : {,ons

| abel ed ﬁwgggﬂ% ' .gg%?%ﬁﬁﬁégg@ﬁ%iégﬁgﬂggkﬁgﬁgégﬁﬁﬁégg?th&gﬁgégg's may be
visually represented u iqg.variqgé technigue as Er viogﬁl¥ deSC{ibed.

[ 0063] WHTPF e&ﬁeg&fevsa“@,w irh KFU4'3000F | G019t o 1 AESSR SYPFRARUrBLCER S e

| ocation-specific, nultiplexed heat map i nvention, the invention may be
pract i cedalyes ¢nycna Wraerangpdbisgrosyhle e enarense thessuanyof s denfeseataiehent s,

i con shapes, and schenes for dividing the icons into regions. The

i || ust r abpdemeseatige tentogarthms axfghe saliues. £he Gesadition dfbatiabggaathmhiataadr epr esent
a small subset of the sanple arrangenents that nay be represented in a

| ocat i on{ii@e Gepresentitiohs PAEBE thchaaéd BR PupeliBfodink hatbeé patterns 8 tenal
arrangenents may be asynmetrical and |ack any recogni zabl e pattern or they

may be SXFHBBJ&%&%%%mﬁﬁ&?”QQd in circular, square, rectangular, triangular
or other nore conplex patterns. Icons nmay have any cl osed shape i ncl udi ng

el lipses ul 1.rr.eqgul ar .pol vgans havi three or re sides, or

i cons may)d;?ZEe ﬁ%&%gg lklggéag%sl ?nﬁ&%tr ﬁﬁ%ﬁi‘ﬁ“i‘“ﬁé’ f gl% %jelét&nsl,n ‘%ﬁﬁcﬁﬁsﬁtshun&ns,
scientific instruments or geographic features. Icons nmay be divided into
any nunb&Pbtagied bygnisresaing #canghiing e fe ﬁ%égﬁlaake lgpationd onthg BgESmay be
approxi mately equal but need not be. Icons nmay be divided into any nunber
of regi 0224 byd 232G &k ghasented irr 2 &galuam, ldcatien-specd, owltitléred heatiap 243 .
Experinmentally, maps with icons of eight or fewer divisions have been found

t o of f er iachiaBmBodiment, ishmpRslpestiont arenasssuiated withediamohd-siapett ésonge@g havi ng a
greater nunber of regions. lcons may be arranged in any fashion that allows

lt angisg;] g{_&i atd @ividiiSinf AR trOgidhsS UBalay r&HSME liAeRofdMRn! £ANTalsishof e sanpl e
sample locations on sample plate 224 are visually represented iﬁ the regions labeled
‘W’ and ‘X’ and data from the sample locations on sample plate 226 are visually
represented in the regions labeled ‘Y’ and ‘Z.” Within each region, the results of an
analysis may be visually represented using various techniques as previously described.
[0063] While Figures 9, 12 and 13 illustrate the key features of the location-
specific, multiplexed heat map invention, the invention may be practiced using a wide

range of sample locations and icon arrangements, icon shapes, and schemes for

dividing the icons into regions. The illustrated arrangements of samples in a 96-well



[ 0065] The quantitative visual representation of results in a

| ocati on-specific, multiplexed heat nmap requires the assignnent of each set
of analysis results to a region in the map. It further requires units of
measurenent to be assigned to each setj9and a range of val ues be specified
for the visual representation in each region. The interface may

aut omat i cghh, leﬁﬁ%;egﬁ?%geﬁts a0dmdTP 3FbYeE B¢ "the %gfeoﬁﬁjaﬁg/en%n@ﬂ% Ry BUTEri cal

val ues for eac e regions or a user may carry out these tasks by
interactinaﬁmﬁt&ﬂpne or ;Apre. ¢ ntrﬁlk%gg§I§ %p the interface. Control

panel s nmay RPIeBiRd R A RGN PTG QUi BR ARy ysing a keyboard or it nay
allow a user to use a pointing device to nove sliders,, knobg, or ot her
control rdPPeMent Bt gengal; sample Arargemeats mayobg geppMeirtsal prd;lack anyoy chart
detailing the principal steps in a process 300 for using the invention to
defi ne anatspgpgabladpaiesuar [they omgyabe symmetmealllyt errasigediin eirdylara pgiagd.ng t he
anal yses to data resulting fromthe interrogation of biological sanples in
at | east eeanpuldrj wahgulpd et etheiSinoge eompleo patians. [dons meayehdvedinysridsedf t he
invention, this process is carried by a user who interacts with a conputer

interface sﬁ&ﬁéﬂﬁ&lﬁ&iﬂg eflipded 1R fand mé”gh%tpiols%o{%i I%a‘iz'ix?@’ﬁxré%ror'rﬁ&é%ﬂl@i-dr The
user typically interacts with the interface using a conventional conputer

keyboar d [ eyi S _a:. . tr he.. e or
tr ackbal | To7P o ba RS FEnRR RS iRE o Goiblie, SR DmapS iGHRIRS
including. point and click' .and 'c]ick an gra ‘.0 eratiorhs},a.F hn sone
enbodi mentRUGMENIFOTBEOBAPRIE featighelrans max e dridsd infe Ay MR Phregipns
interface through alternative human interface devices including touch
screen di ¢pfl dyesareds ¢fi the Feghenst withiates icqnomean bp aprroxiptely enpd bik negsk rot
1006711 n the process 300, the user initially defines groups of input data
sets for &eallysissmby begdéadédy intg asynmunber afcr@gions by atraghher irragplar ldag,a set
identifiers. This nmay be acconplished, for exanple, through interaction

With a grouR ddefthdtdivifions C ERSHMIGHAIRS niaph Wathr Rb@dof agﬁl&fe&ér divitidnRe screen
400, groups are specified by activating the ' SELECT PLATE button 405 and

sel ecting h9{3§bg%1t ﬁogﬁds maﬁggfsgej‘fp‘élé@?@st Rlif ré%gcti B nhﬂ%ri&l%ﬁl#iﬁo@)fna 3.

Activation on o signators wt e Interface is

2] ol G Pt ghen P st ot et e by Ty B B o

simlar operation with an alternative human interface device, [0068] After
sel ect i ng tBe wenekthe inferfacede visualiy asseaate fie icaps wigrthgsample lpeatioph 415 and

specifies the wells fromthe displayed plate that will be included in the
group. [0065] The quantitative visual representation of results in a location-specific,

multiplexed heat map requires the assignment of each set of analysis results to a
region in the map. It further requires units of measurement to be assigned to each set
and a range of values be specified for the visual representation in each region. The
interface may automatically assign units of measurement and specify a range of
numerical values for each of the regions or a user may carry out these tasks by
interacting with one or more control panels in the interface. Control panels may allow
ranges and units to be entered using a keyboard or it may ailow a user to use a
pointing device to move sliders, knobs, or other control representations in the

interface.



In the interface screen 400, wells are specified by selecting a group of
wel | representations, such as the shaded group of well representations 418,
in the 21 schematic plate representation 422. The wells are typically

sel ected using a standard 'point andjglick' operation with the nouse or
alternative human interface device. Wells from additional plates may be

G 11 or on1O0RLOG PRy, 24 B ﬂg@é%’?%#&%ﬁ‘#@ﬁﬁ%*ﬁ%ﬁ% s 200 BV 14

button 415. and sel ectin rou resent ions, fr t he plate
et ocentabgre ¥R ERagpit hPe: phf vinsh P BERP B Bl BERRE0up pare
is typically entered into the ' GROUP NAVE' box 425 and the group cl osed by
acti vat i #8gplying thoengtysep (@ f¢a repplingAram ihg ingsrogatiarhel biplogieal sampleminal so

generates a group designator 428 containing the group nane in Goup List
box 430. afl 3a8%hel multinelllate eismg30tometer. s trepneoémbabmiefityofifye amentiami ng
groups is followed by the step of defining an analysis and applying units

of nmeasurERBRdcedsOis ch@ied M3 /Sdef whohhtSradRYwiliea 36@piHet insdierte fe&smpﬂmgact ing
with an analysis deflnltlon screen 500 as illustrated in FIG 16. Wen the

anel Y515 dIBBPEE TBkeyt OHsh iy 00F otkse S5 WBRYBRR! R, A U © 2

select it using one o pI I catl on designhato int i cations
box 505. .Alter natl vel can defi l ysi,s .by activating
but t ons. PG BTG FUMERLTE] §°mu§%ﬁé‘e§§°&rﬁié&¥ﬁ D SPuEE SO A ng
parameters in the unit assignnent box 507, and interacting with the gate
defi ni ti G}PU§E &ﬁﬁfashbﬁlhnahP HBOY$E AT tF?&}Sb%hGHOVI@@FOPSFé tQ caly O stadardnal ysi s,

a user activates the 'Create' button 502 in the Applications box 505.

Act i vat i amtedficet dperafionatincliding dpoisOandaclik’ and|‘elndk amiadinagi spetetsongnalinor 509 to
t he anal ysis designators 508. Histograns or dot plots simlar to histogram

110 of FlsémeZ2niddirhéits 0 thePinOéntibAOhowever Quses mag ifitbeidt Witiché ontelgidene each
gate in the analysis. In screen 500, a user may specify 6 or fewer

i ndi vi du"ﬂ'xroﬂgi CalfBdtidk ¢ hﬁ&ﬂﬁﬁn}ﬂﬁ?ﬂ%&e iR A 't%ééﬂ YscERDlg ?ngk‘s' ng the

| ogi cal operator AND in suc awayt at an analysis, A satis t he
fol I ow n%ig'iﬁ% ?ableefsqlfgl}c'h pads affmotion sensors.

[0067] In the process 300, the user initially defines groups of input data sets for
analysis by specifying sample locations or other input data set identifiers. This may
be accomplished, for example, through interaction with a group definition screen 400
as illustrated in FIG. 15. In the screen 400, groups are specified by activating the
‘SELECT PLATE’ button 405 and selecting one of the plate designators 410 in the
Plate List box 413. Activation of buttons and selection of designators within the
interface is typically accomplished by positioning a cursor over the designator and
‘clicking’ on the button or designator with a mouse or by executing a similar
operation with an alternative human interface device.

[0068] After selecting a plate, the user activates the ‘SELECT WELLS’ button
415 and specifies the wells from the displayed plate that will be included in the group.
In the interface screen 400, wells are specified by selecting a group of well

representations, such as the shaded group of well representations 418, in the



A = (Gate 1) AND (Gate 2) AND (Gate 3) AND (Gate 4) AND (Gate 5) AND (Gate
6). Analyses with fewer than 6 gates are simlarly defined by conbining the
defined gates with the |ogical operator AND. [0071]1n alternative

enbodi nents, the screen 500 includes aifunction definition box (not shown)

that allows a user to enter a logical gate definition equation. Exenplary

function defdniticifiite PPre&RnfAadE 422 | ITRE wRlls %t?ﬁichl@&el@ét& 8802k 3laffar@y
pul | -down nmenus or by direct input fields alTowng a user to specify a gate

definition ' y t] ' per.at . liL:down menus
or enteri n%&ﬁﬁgﬁrﬁi ?QCI{]h%)Se?Aﬁ%)&t Wpiget*lé(;gll.m%% tograzt% |a§(é? ?Lﬁi{gﬁ]éhgﬁfﬁg% F%‘Hg )
definition box_ contgains field ere the user can directly e he gate
definiti ﬁ”%@%%?%ﬁﬁltme@@lf% e st dathe gRuR yaﬁanggst??e Sehct
initially specifies the gate nunber by activating one of the graph

sel ect i on PRy KB rPaitten @04 nwlesting a differenfrompof thauate\desienators: fHY actieatidst pl ot ,
TY button 510 or the histogram 'H button 512. In FIG 16, the dot plot

butt on 51@heh SELHEEN WALILILS/ dtuttdn 4] © QB bedexdting ait group of welh ecpoésehtatony fagh
sel ection buttons 520 in conbination with the dot plot button 510 or the

hi st ogr amhdiplareprbeentfionl 422, IWhen 8l 3Rl &f thehfodPReBletRE,Sa VRS nBMeNy
di splayed in the gate definition wi ndow 530. Axes for the graph in the gate

defi ni {1 0n WRCR 8ied ShECHRO AROBBUXRIA 600095 Und "B Sl Ll 8511 c!

axi s desi gnati on”boxes and one or nore axl s

desi gnation.boxes. 5 for.th at.e definiti rocess is selected b
acti 8ati ng® 1néfsthet ﬁgogjﬁgﬁﬁtt%@g r{g‘ftg'tabo%ggtfhﬁnhtdgﬁ%s@&%rarfslo;gegeerﬁtgﬁf‘i ng a Y
sanple location jn the plate map 540. In the screen 500, the selected

sanpl e | o@é‘?‘lpdi?sgﬂgtohé%go srnbainipg thagrqup nyBRisEraptlighboxi4dBut data fromthe

desi gnated sanple location 545 is plotted in a graph 550 with the selected
axes in tHe0at e bhethe predesn30i, nkostep 80 speti fymigeandsnageng gevipbys faldwed

by the step of defining an analysis and applying units of measurement to the analysis.
This may be accomplished by interacting with an analysis definition screen 500 as
illustrated in FIG. 16. When the analysis has been previously defined, a user may
recall the analysis and select it using one of the application dgsignators 508 in the
Applications box 505. Alternatively, a user can define a new analysis by activating
buttons and entering parameters in the Applications box 505, entering parameters in
the unit assignment box 507, and interacting with the gate definition graph 530 and
the heat map 540.

[0070] To create a new analysis, a user activates the ‘Create’ button 502 in the
Applications box 505. Activation of the Create button‘ 502 adds a blank analysis
designator 509 to the analysis designators 508. Histograms or dot plots similar to
histogram 110 of FIG. 2 and the dot plot 120 of FIG. 3 are then used to define each
gate in the analysis. In screen 500, a user may specify 6 or fewer individual gate
definitions The gates are automatically combined using the logical operator AND in

such a way that an analysis, A, satisfies the following logical equation:



activating one of the gate shapes 555 and adjusting the |ocation, size and
orientation of the figure 560 by clicking and draggi ng the handl es 565.
100741Gate buttons 520 are activated and the gate definition process
repeated until all gates in the anal Y3i s have been defined. Units are then
assigned to the analysis by activating the "A Positive' button 562, the
"mean' byt , MRRD L 9y Al AN NND icgnment
box 507.g%fqgﬁ§ﬁﬁ5¥ggéF?§3%' butg%%ég%Z is“%%%?gafed(ggﬁfy I's ?§é$he screen
500, no additional information is required to assign units to the region.
In cases Where the 'Mean' button 564 is activated, an axis or paraneter
nmust be specified in the Paraneter,%gx g;g. In cases where fhe 'Mean ratio'
butt on 5e812h4es WEB fewerithane gafes a4 similalysrelingd Ansempiningsthe defingdgatssi eq i n

t he Paraneter box 570, a reference analysis nust be specified in the

Ref er encevifinihe Jogienl ppsta®7 ANIAd a ref erence sanple position and plate nust
be specified in the Reference Run box 574. The analysis definition process
is term n@dA]J bylneslteniativg eatbodimadnysitbe saeen 500 incmdanal fusdtondkSingtoat or box
509 and activating the 'Save' button 570 in the Applications box 505.

1007511 nphRemBt QE6WH) IR alRMsPHtusdAld §drSa Abgicale Bolcal ity @cpmhwﬁ.ng an
analysis to a group of input data sets. To display and visually conpare two

or nore set ' t] Lf i j at  map,
hedat  Agplard bR BB Res REA A SPERK Iy o CchhBIE pyle

measur enment and bounds on the range of displ ayed val ues specjfied for each
ot A LEBP ST eto Y ek gt Rae ATloutns B GYS s PRSIy e BRE e RBne. i 1

| ocati on-specific, nultiplexed heat map by interacting with a screen 600 in
t he user cnwationfbycsslesting lqgieal pperaiers fom|the puli-dowsimrgus B gntedpgdsm ithe user
specifies the nunber of output data sets to be included in the visual

pr esent atthoimpby/fields.i Witermag véllscthe fundbiohtdefinBi08 box contairzut fiald vde the t he Heat
Map box 610. Regions are added to the icons of the heat map 615 and the

i con reprg&asahAlealy éhtdr thy g6 defimitibNgquadiént he "+ button and renoved by

activating the “-' "button. In a typical case, the icons initially have a
single regadn (undivg | & . [l [ \at the "+
o bt al N0 Res Lo B e N o e N e e 0 e

Heat Map box 610 is diyvided in t f ashi the i in the heat
mop 615, BREE o8 &1 dbit S, el PR, Sa) A00: TR dr AR dYEY et or 620

and an anal ysis designator 625 into one of the regions of the icon

r epr esentgliyasingahe dot Hot hid” Bettereyl Gserothe histogsammit gelt,"ltiollieS 1gr dJngldedf.gnat or
021382 PBMC Al-12 620 and the anal ysis designator MAP Ki nase 625 have been
dr agged itint dotpégibutioX5 6@ Hasdfech hetivatadn r epr esent ati on 617 to define the

out put data set that is generated by applying the MAP Ki nase analysis to

t he grougo@R}382AEBMEcATTbae off Gk Blabh 3gigttite But®nd BP0 deSbABRatsn Ath an
anal ysis designator into the a region of the heat map representation 617

act | vat end ¢ A1 RS 510 |tk AiSehin BAkEHISNG [l OGN O fiR7 of the

icon representation 617 1n the scre visually repre ts the output

data set val ues i.n reagion.X of the. hea .615. .and displays 4 he graphs
540 e | APRgPTTS 'AR6 PPoBoHed i ndhdle TRy Fam pfllin 575 AR BRheLer <
automatical |y determ ned hy the_ user i qt er({jgce and, the range of val ues

bet ween £ Bnihetge AsbniHMWIBGQYE arsselertedy By fclwatingy e orsigrg 9f thepr esent ed
in the region X of the heat map 615. Additional output data sets may be
assi gned veoicakgiiddesigfatipmboxass433 rang 084 6r mprajefahe howmzantal agisslspignajiont her
group/ application conbinations into the regions W Y and Z of the icon

r epr esentbakénf3H 1 Data for the gate definition process is selected by activating one of the

plate designators 538 and subsequently selecting a sample location in the plate map
540. In the screen 500, the selected sample location 545 has been hatched. Upon
selection, input data from the designated sample location 545 is piotted in a graph 550

with the selected axes in the gate definition window 530. A gate is defined by




100771After assigning and visually representing two or nore output data
sets in the regions of the location-specific, multiplexed heat map 615,

conpari son of the data sets may be facilitated by expandi ng the heat nap
615 in such a way that it fills the s@eeen of the conputer display. Wen
di splayed in this fashion the inventive heat 25 map allows the user to

conpar e glagbahink @At W ek Ste E}lfa%eéi%saal%&acguﬁﬁg thé ok, Nesearlisentagiont 0 t he

sanpl e positions fromwhich the output data was derived. [0078]In certain

cases, a | - | ndi_cat h e gate definitions or the
range of gg%h%e@%g@ %8@&5}?}/ %/Aé“pgfésgagﬁlg%th??%mgp 5|¢%n"zat ion. A user may
acconplis ls task by interacting with scree i;mlar to the screen 700
of PG 18007 HBRE smbions 58 2ieacSipind e e Cefulin oty bEedar  ng

ei ther an anal ysis designator 702 or a region 705 in the icon

repr esent antiball Z8s i thpianalysis hwwsihgaatdsfinedhalYnitssaretthen gpsegnerite $ate to be
optim zed is selected using one of the G aph buttons 710. Once an anal ysis
and gat e andyspéyi ddtieatingathgr ptPoéilivet bottai A62gtha “fiegut butidkb 564 farnthag t he
gate boundary is displayed in the screen. In addition to the figure 715,

the graph ¥kan adtio bilitsR 585 $n thePhridt aRfgnhieat bewgd7.dat el PO PodtiVE I duttohat i s
specified by activating an icon 718 in the nultiplexed heat map 720. In the

screen 70%%% hatwhedaPatL of tyd g@éﬁggg(ﬁ)g é{g{‘%{ggwégl Lrggf%g{tf%ﬁrﬁ? -H'eago-sanpl €

position corresponding to sanp een acttvated

(0079111 Qrder ufih QML Mt 1%adR SheR L IRR S purddhEsahSS bt h iR 1
or parameter must be specified in the Parameter box 570. In cases where the ‘Mean
ratio’ button 566 has been activated, an axis or parameter must be specified in the
Parameter box 570, a reference analysis must be specified in the Reference Analysis
box 572 and a reference sample position and plate must be specified in the Reference
Run box 574. The analysis definition process is terminated by entering an analysis
name in the analysis designator box 509 and activating the ‘Save’ button 570 in the
Applications box 505.
[0075] In the process 300, output data sets are generated by applying an analysis
to a group of input data sets. To display and visually compare two or more output
data sets using a location specific, multiplexed heat map, the data sets must be
assigned to regions in the map and units of measurement and bounds on the range of
displayed values specified for each set. A user may generate output data sets and
assign them to regions in a location-specific, multiplexed heat map by interacting with
a screen 600 in the user interface as illustrated in FIG. 17. Using this screen, the user
specifies the number of output data sets to be included in the visual presentation by

activating the ‘+’ button 603 or ‘-’ button 605 in the Heat Map box 610. Regions are

added to the icons of the heat map 615 and the icon representation 617 by activating



shape and | ocation of the figure 715 using the handles 722. Alternatively,
the range of values represented in the region of the heat map representing
the sel ected output data set may be adjusted using the Range box 725.
Wthin the Range box 725, the nmaxi nudval ue and the m ni num val ue for the
visual display in the selected region may be specified by entering val ues

in the myd muBUREX akd forRGhdl BLadivafsd et - DBItI0A3On Y ¢ YcaEQ&?s'et gk the
sliders 733 and 735. The paraneters |n unit assign ox 740 nay al so be
adj usted.b ser_i.nteracti screen 700. 0] Adv ously,
the Vi sugrl*’l?libﬁaevsee%flamﬁglza? (it s R he RSV a5 By e
updated in re to reflect adjustnents of the gate bounda range, or
units. ThT stof ?lﬂrareTgfb“'fre@ﬁ‘é’q ﬁl;,gg{qgmsa{lﬁgv‘goq FPresepiation 6 IIZi[S]ilgP &fal uat e
the 26 effects of analysis paraneter optinization on the relationships in
t he di spMapelbxltCeis divddest inghe sared fashion ap the iconssinkhobdat dye dér iGwputhe

optim zation process. [0081] Enbodi nents of the invention may be inpl enented
on a w ddataaegeareipeciffeddyt draggihg a @nqipt ddsignhit 520 asd amahalgsindedigmkdrop and

| apt op personal conputers. |nplenentations may be programred usi ng many

differ e“%zPﬁﬂW&%f”&e'régiGH@gP&leaﬁgn tr&ﬁe%%bﬁmngld REBGUARZR d0Be L Or
i npl ementation on a specific corrputer | at f orm may be advant ageousl y

opt! ™ 2ot 45 GRFIGIhal 2 560" |8 365 BELT Sfdce, of

FIG 14 - personal ~ Cconpu t he

Leopard dows erafin stens in , a devel o
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Gsl o, Norway. The sinultaneous display may be inplenmented as a grid view

(t he Qralie g&finethe utphedaty sqtﬁmq@ratcpcb‘tpy épmwpgél)e MéPsginagaanalysirder i ng code

draws each grid elenent according to the analysis result defined by

pr ot ocol theogrotyn 82 B3ERABNMEM 1-12.0082] Al t hough the features of the present

i nvention have been illustrated in an
[0076] Dragging a group designator and an analysis designator into the a region of
the heat map representation 617 activates the region as illustrated by hatching in the
region X 627 of the icon representation 617 in the screen 600, visually represents the
output data set values in region X of the heat map 615, and displays the graphs 640
defining the analysis. The maximum numerical value in the data set is automatically
determined by the user interface and the range of values between zero and the
maximum value in the data set are visually represented in the region X of the heat
map 615. Additional output data sets may be assigned to regions of the heat map 615
by dragging and dropping other group/application combinations into the regions W, Y
and Z of the icon representation 617.
[0077] After assigning and visually representing two or more output data sets in
the regions of the location-specific, multiplexed heat map 615, comparison of the data

sets may be facilitated by expanding the heat map 615 in such a way that it fills the

screen of the computer display. When displayed in this fashion the inventive heat




enbodi ment for the analysis of flow cytonetry data, those skilled in the
art of data analysis and display will realize that it may be used to

anal yze and conpare | ocation-specific data froma w de range of sources.
These include but are not limted to the visual presentation of anal yses of
air, ground and water pollution levels at fixed geographic locations,
anal yses Qlfapp{llmsﬁle\/@gef | B ?fe BE2! fehfurd OGP IHCHta WelsNird RldiBAMs@Ct uri ng
pl ant, analyses of agricu turg paraneters wthin a field, and other

anal yses i.n.whij he i.nput...data is.ohtaine [ i nterrogation of
sanpl es i rgeagﬁresét?oﬂg%\&agnn%lﬁg 0%?8'1?80@%{{1 iwglr\‘% t?'ﬁgfl%ﬁ‘{agat%g%?gésrg%fl ed by an
arrangene icons in a user interface. 27 We claim |.A graphical user
"t or face 7B 4 O TIRBcasey <4 €1P GPBRERORGnaY iCeia that Lhs eals RTENGONR o

anal yses of data sets resulting frominterrogation of an arrangenent of
sanpl es, \rerange hErepresenttd puipubsdnesaelre epfihization. dAniseF Mexapempish

rel ati onshi ps anong the data sets, the interface conprising: an

ar r angeneitlis edski blyoinseradtinigl with taoscrdea sivnilanwetie rsereefi 70amfl 6. d8chint that each
of the icons is visually associated with at |east one of the sanples; and
at | east g&RePh00,8 AppRESiodiiy sbelicd MyoactifatingStheLAL Bnd] 6K @és\i%fatotr he2i con
providing information regardi ng an anal ysis of a data set, ere the data
set inclu ; .1 i f ' r-p@at {om . t he: I ks |y
2ssoct at edr tFRCRSSHihe Ry’ eRRIBAERTRAS! Wil lnel SRR SplhR AL Y
wherein all of the icons.are, divjded into regio Lth e reqion

Voot 65 ent P ImER A GERaingied s atletied e por SRR anl hdyrSiDn SR o
visually associated with the icon. 3. The graphical user .interface of

cl ai m 1" wABxsi and, gatg arespgeifisd 1 2i@gph JhPspiaingge figwss 1adefinmg the gate

boundary is displayed in the screen. In addition to the figure 715, the graph 713 also
displays a plot of the input data from a well that is specified by activating an icon 718
in the multiplexed heat map 720. In the screen 700, a hatched pattern indicates that
the icon representing sample position 718 corresponding to sample location E6 has
been activated.

[0079] In order to optimize the gate boundaries, the user may adjust the size,
shape and location of the figure 715 using the handles 722. Alternatively, the range
of values represented in the region of the heat map representing the selected output
data set may be adjusted using the Range box 725. Within the Range box 725, the
maximum value and the minimum value for the visual display in the selected region
may be specified by entering values in the maximum box 727 and the threshold box
730 or by positioning the sliders 733 and 735. The parameters in unit assignment box
740 may also be adjusted by a user interacting with the screen 700.

[0080] Advantageously, the visual representation of the output data in the heat
map 720 may be updated in real time to reflect adjustments of the gate boundary,

range, or units. This feature of the invention allows the user to rapidly evaluate the



4. The graphical user interface of claim1l wherein each data set conprises
data resulting frominterrogation of two or nore sanples. 5. The graphical
user interface of claim1l wherein each icon includes a nunmber of regions
equal to a nunber of analyzed data s@s that include data resulting from

I nterrogation of the sanple visually associated with the icon. 6. The

gr aphi calee§elor iaﬁ&lgéi%?gﬁ%n& ergp@mdqow e '}elr_zlgﬁgns‘ﬁﬁfmhecﬁe AsPlayed data

particle-containin ogi c sanples. 7. e graphica i nterface of

laim1 wh int | ' t ed I f fl t t
and . scAGF R EsDHIEEMS Rt fkd S dRERR iR ROt o face of ol aim 1

wherein the visual representation of the jnformation is a variation of one
of col or [&08d] vi skmbodigisats ofgthe tpyengipn spayche implsmented iy a de rangeafm 8 i n
whi ch a hatched pattern is superinposed over the visual representation.

10. The gomyshiicmdl cogwuter rplatfdras énglfidiop aiesktep iand Miptoih petsenali eomauters.
representation is logarithmcally related to the information. 11. The

gr aphi callmpkeéfentatibesd frageqiroglaginiedlusing inaay diffsrpiti {bH@manihg parpaegdsat i on of
each of the data sets such that the information regarding the anal ysis of

each of fLhe tﬁém%%miﬁ% 1@@5%9%@:& PorithS8infkafidn dnUs Wpe@dis On@hutdd each of

the representa S Wt the regions.

platform may be advantageously optimized for the specific platform. For example,
the user interface of FIG. 14 — FIG. 18 may be implemented on personal computers
running the Leopard or Windows operating systems in C™* using Qt, a development
framework for cross platform application development from Trolltech of Oslo,
Norway. The simultaneous display may be implemented as a grid view (the
QTableView in the Qt framework, for example). Graphical rendering code draws
each grid element according to the analysis result defined by protocol for the
experiment.

[0082] Although the features of the present invention have been illustrated in an
embodiment for the analysis of flow cytometry data, those skilled in the art of data
analysis and display will realize that it may be used to analyze and compare location-
specific data from a wide range of sources. These include but are not limited to the
visual presentation of analyses of air, ground and water pollution levels at fixed
geographic locations, analyses of process variables at specific locations within a
manufacturing plant, analyses of agricultural parameters within a field, and other
analyses in which the input data is obtained through the interrogation of samples in an
arrangement of locations that may represented by an arrangement of icons in a user

interface.



12. The graphical user interface of claim1l wherein the icons are shaped to
appear visually to have substantially the sane shape as the sanples. 13. A
graphi cal user interface for a conmputer for defining anal yses of data sets
resulting frominterrogating sanples pp an arrangenent of sanples and
visual ly representing results of the analyses, where the visual
representation enables identification of relationships anong different data
sets, the i@{lgﬂ,ace conpri si ng: a graphical presentation of an

anal ysi s t\ma iS applied to a data set to produce a set of results, the
anal ysi s havi ngcat | east one.ngq%farren{?er that a user control.s by i.nteracting
with the draphfcd® eMCht IERiacG N a comppier, SYSIETE PEYLERE & VIR t i pl exed
heat map eHREhEHNYoPanklyEEgbs 9&5%&9&&5&9{% Rm GifSrrS@kioR of 2R Sahgenting at

| east one additional set” of results, whereby the user determ nes the

ef f ect s obf saraplgs,ngheraethp arsuak repressntatine eneblas iidansificgpnaoh nejatidnshipat a set s
by view ng_the he p,. .14.. The graphical user interface of claim 13
wherein t og%m?ld%&S%%e“‘ﬁé?ﬁ%@&%ﬁ% 8ni ng bi ol ogi cal sanples. 29 15.
The graphi cal aig@ingeief §facshs¥imBarab MeldraMaemehtbishRpRa IR EHaPéRh of
interrogated using one of a flow cytonmeter ‘and a scanning cytoneter. 16.
The gr aphthedronsderishallyeassersatedwith lahleast DBe phtheshmplesieandi sual present ation of
the set of re - h in.variahbl e .anal.ysi ar r. 17.
The ar aphi cal et ohf BEME 168 GOERDRR, WiRLHAR BB YK SpPBRTELS;

par anet er irnfsrmehidngegdardihgas Whdlyslg ofhe dshaRe wherd the @dfaesdt Mnclugésagdia

resulting from interrogation of the sample visually associated with the icon.

2. The graphical user interface of claim 1 wherein all of the icons are divided
into regions, with each region representing an analysis of a data set including data

from the sample visually associated with the icon.

3. The graphical user interface of claim 1 wherein the arrangements of samples

and icons are the same.

4. The graphical user interface of claim 1 wherein each data set comprises data

resulting from interrogation of two or more samples.

5. The graphical user interface of claim 1 wherein each icon includes a number
of regions equal to a number of analyzed data sets that include data resulting from

interrogation of the sample visually associated with the icon.

6. The graphical user interface of claim 1 wherein the samples are particle-

containing biological samples.

7. The graphical user interface of claim 1 wherein the samples are interrogated

using one of a flow cytometer and a scanning cytometer.



18. The graphical user interface of claim1l7 wherein the geonetric figure
and graph have one, two or three dinensions. 19. The graphical user
interface of claim 13 wherein the variable analysis paranmeter is selected
by activating buttons on a screen. 2. A nethod of interacting with a
graphical interface of a conputer displaying two or nore data sets, where
the graphical interface conprises an arrangenent of icons that is simlar
to an arrangenent of sanples such that each of the icons is visually
associ at &d wi tThearapghéat tisep neerdicetdfelamnipleeiartble visealireasentation df tieded i nt o
regi ons, ,]gtach region qf .the icons visuall rergresenti ng results of an
anal ysi s IerB#iengs aivadation of angof colgtand Yist {9%m i nt errogat i ng t he
arrangenent of sanples, the nethod conprising the steps of: defining at
| east one anal ysis; specifying units of nmeasurenent for the analysis;
appl yi ng % he dial gmphicalo userdatterfaset off clagmndr ot evhicks wl hatchetd pattgmeisent i ng
the results in a L co 5 21. The nethod of claim 20 wherein
AgtRo

' f th
t he Sanppggergy%osgis%%rgﬂee%%%{tr%rlﬁﬁe | ogi cal sanpl es.

10.  The graphical user interface of claim 8 in which the visual representation is

logarithmically related to the information.

11.  The graphical user interface of claim 1 further comprising a representation of
each of the data sets such that the information regarding the analysis of each of the
data sets is assigned to a region by a user associating each of the representations with

one of the regions.

12.  The graphical user interface of claim 1 wherein the icons are shaped to appear

visually to have substantially the same shape as the samples.

13. A graphical user interface for a computer for defining analyses of data sets
resulting from interrogating samples in an arrangement of samples and visually
representing results of the analyses, where the visnal representation enables
identification of relationships among different data sets, the interface comprising:

a graphical presentation of an analysis that is applied to a data set to produce a
set of results, the analysis having at least one parameter that a user controls by
interacting with the graphical presentation; and

a location-specific, multiplexed heat map comprising a visual presentation of
the set of results and at least one additional set of results, whereby the user determines
the effects of changing the parameter on the relationships among the data sets by

viewing the heat map.

14.  The graphical user interface of claim 13 wherein the samples are particle-

containing biological samples.



30 22. The nethod of claim 20 wherein the sanples are interrogated using a
fl ow cytoneter or scanning cytoneter. 23. A nethod of presenting two or
nore data sets on a conputer display for visual conparison by a user, the
data sets resulting fromthe anal ysi g0of an interrogation of an arrangenent
of sanples, the nmethod conprising the steps of: mappi ng t he
arrangenent of sanples with visual icons in the display so that each icon
is associated with at | east one sanple and the spatial relationship of each
vi sual i cldn t dlhehgrapiibed us¢rciatesfacsofelaint 48 wherdil ¢hesqaatplal are altatogateghi p of

t he sanpl e, associated with the visual, icon to the other sanpl es;

subdi vi di¥§&de of adlew exteyetegidmcanning CyioRglI| y representing each data set
in a unique region of the icons. 24. The nethod of claim 23 wherein the
sanpl es are particle-containing biological sanples. 25. The nethod of

cl ai m 23 Mher €fhe griyghicd mpérastedfaee ofitlanr Bywherdinuthe visuelnmesehtation lobthecyt onet er

and a s casrép of r%su(it%ttgigfst t%g changes in variable analysis parameter.

17.  The graphical user interface of claim 13 wherein the variable analysis

parameter is changed by adjusting the shape of a figure in a graph.

18.  The graphical user interface of claim 17 wherein the geometric figure and

graph have one, two or three dimensions.

19.  The graphical user interface of claim 13 wherein the variable analysis
parameter

is selected by activating buttons on a screen.

20. A method of interacting with a graphical interface of a computer displaying
two or more data sets, where the graphical interface comprises an arrangement of
icons that is similar to an arrangement of samples such that each of the icons is
visually associated with at least one of the samples and the icons are divided into
regions, each region of the icons visually representing results of an analysis of one of
the data sets resulting from interrogating the arrangement of samples, the method
comprising the steps of:

defining at least one analysis;

specifying units of measurement for the analysis;

applying the analysis to a data set to generate results and

representing the results in a region of the icons.

21.  The method of claim 20 wherein the samples are particle-containing biological

samples.



30

22.  The method of claim 20 wherein the samples are interrogated using a flow

cytometer or scanning cytometer.

23. A method of presenting two or more data sets on a computer display for visual
comparison by a user, the data sets resulting from the analysis of an interrogation of
an arrangement of samples, the method comprising the steps of: |

mapping the arrangement of samples with visual icons in the display so that
each icon is associated with at least one sample and the spatial relationship of each
visual icon to the other icons is similar to the spatial relationship of the sample
associated with the visual icon to the other samples;

subdividing the icons into regions; and

visually representing each data set in a unique region of the icons.

24.  The method of claim 23 wherein the samples are particle-containing biological

samples.

25.  The method of claim 23 wherein the samples are interrogated using one of a

flow cytometer and a scanning cytometer.



